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Column chromatography separated the extract into a yellow band and 
a white polymeric band. 


After 10 TLC separations for purification, the yellow substance ex- 
hibited an IR spectrum identical to that obtained by Bohn and Campbell 
(4).  


Mass spectra were obtained a t  various temperatures. Below 1 lo', poor 
fragmentation occurred. Above 160°, the compound disintegrated. The 
ideal conditions for obtaining mass spectra were 110-160' and 70 ev. The 
mass spectrum obtained was similar to that obtained previously (2). 


The NMR spectrum was similar to that reported for I1 (6). Values of 
1.30 and 1.33 ppm resulted from tert-butyl groups. Peaks at  6.90 and 7.52 
ppm were due to the aromatic CH's. Peaks at  7.08 and 7.18 ppm were due . 
to the olefinic CH's. 


Based on the IR, mass, and NMK spectra, the yellow substance was 
assigned a quinoid structure with empirical formula C30H4202. Based 
on these spectral data, the structure of the isolated compound is: 


I1 
For quantification, 334.7895 g of discolored caps was extracted. The 


amount of I still present after discoloration was 47.7 ppm. After purifi- 
cation, 2.5 mg or 7.46 ppm of I 1  was obtained. 


Synthesis of Authentic Yellow Compound-The synthesis of the 
authentic yellow compound was carried out by a literature method (7). 
Compound 1 was put in an oven a t  100' for 2 weeks. The yellow material 
obtained was purified by column chromatography and TLC. The isolation 


and purification procedures were identical to those used for I1 extracted 
t'rom the closures. 


1R and mass spectra were recorded. The sample was smeared with 
mineral oil and sandwiched between two salt blocks to obtain the IR 
spectrum, which was similar to that obtained for 11. The mass spectrum 
was similar to that obtained for the unknown yellow substance. 


The mass spectrum exhibited base peaks a t  m/e 435,436, and 57. This 
compound was identical to that isolated from the polyethylene clo- 
sures. 


Synthesis of Yellow Compound by Catalytic Action of Titanium 
Dioxide-3,3',5,5'-Tetrabis(tert-butyl)stilbenequinone was obtained 
by adding 1.5 g of rutile titanium dioxide powder to 100 g of I. Yellowing 
was obtained within 24 hr at looo in an oven. The yellow compound was 
purified by the methods used for I1 and identified by IR and mass spectral 
analyses. The IR and mass spectra were similar to those reported previ- 
ously (2,471. Under identical conditions but without titanium dioxide, 
discoloration of I to form I1 only occurred after 2 weeks. 
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Abstract Dihydroquinidine is a commonly encountered contaminant 
in quinidine raw materials. The USP allows 0-20% dihydroquinidine in 
quinidine products, but the assays used to quantitate dihydroquinidine 
have been lengthy or have required sophisticated equipment. The present 
method separates dihydroquinidine from quinidine and provides rapid, 
precise quantitation of both dihydroquinidine and quinidine. The clinical 
importance of dihydroquinidine contamination of quinidine dosage forms 
remains unanswered. 


Keyphrases 0 Hydroquinidine-analysis, high-performance liquid 
chromatography, as contaminant in quinidine raw materials and .dosage 
forms Quinidine-analysis, high-performance liquid chromatography, 
hydroquinidine contamination in raw materials and dosage forms 0 
High-performance liquid chromatography-analysis, hydroquinidine 
contamination of quinidine raw materials and dosage forms 


Quinidine raw materials and dosage forms routinely 
contain dihydroquinidine as a contaminant. The amount 
of the dihydro derivative varies from 0 to 25% (l), although 
dosage form dihydroquinidine content is limited to 20% 
by the USP (2). Many methods reported for quinidine 
quantitation do not separate the dihydroquinidine con- 


taminant from quinidine. Previous methods for dihydro- 
quinidine quantitation in dosage forms and raw materials 
include TLC (3), NMR (4), chemical-ionization mass 
spectrometry (51, and normal phase high-performance 
liquid chromatography (HPLC) (3). These methods are 
time consuming or tedious or require expensive equipment. 
The described HPLC method separates the dihydroqui- 
nidine contaminant from quinidine and allows rapid, 
precise quantitation of both compounds. 


EXPERIMENTAL 


Apparatus-The high-performance liquid chromatograph was 
equipped with a multiwavelength UV detector' and a microparticulate 
C-18 column2. A filter3 with a 1.2-pm pore size was used for solution fil- 
tration prior to injection. 


Model 711 solvent delivery system with a Spectromonitor I 1  detector, Labo- 
ratory Data Control, Riviera Beach, Fla. 


Waters Associates, Milford, Mass. 
Millipore Corp., Bedford, Mass. 
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Table I-Dihydroquinidine Content i n  Three Marketed 
Quinidine Sulfate Tablet  Formulations 


1 


Figure I-Typical chromatogram /or 
quinidine and dihydroquinidine in a tablet 
dosage /arm. Key: I ,  solvent front; 2, quini- 
dine peak; and 3, dihydroquinidine peak. 
Arrow indicates sample injection time. 
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MINUTES 


Reagents-All chemicals and reagents were analytical grade unless 
otherwise indicated. Quinidine ~ u l f a t e ~ , ~ ,  quinidine5.6, and dihydroqui- 
nidine7 were used as obtained. Glass-distilled methanol was used for the 
mobile phases. Quinidine sulfate tablets from three different supplierss 
were ahtained from a local pharmacy. 


Procedure-A quinidine sulfate tablet was weighed accurately, 
crushed carefully using a mortar and pestle, and added (25 mg) to a 
100-ml volumetric flask. Then 5 ml of methanol was added to the powder, 
and the solution was diluted to 100 ml with acetic acid-water (1:l). This 
solution was shaken, and an aliquot was diluted 10 times with acetic 
acid-water (1:l). Then the solution was filtered3 to remove suspended 
matter, and a 10-pl aliquot was injected into the chromatograph under 
the following conditions: flow rate, 2 ml/min; detection, 254 nm; and 
mobile phase, methanol-acetic acid-water (25:4:71). 


The retention times for quinidine and dihydroquinidine under these 
conditions were 3.83 and 4.86 min, respectively. The assay sensitivity was 
a function of injection volume; at  10 pl, the dihydroquinidine sensitivity 
was 0.25 pg/ml, but larger injection volumes or smaller dilutions increased 
the sensitivity. 


Dihydroquinidine standards were prepared in water or acetic acid- 
water (1:l). Both vehicles gave the same peak height results. Dihydro- 
quinidine concentration was estimated by comparing the peak heights 


Sample KK, K&K Laboratories, Plainview, N.Y 


Pfaltz & Bauer, Stamford. Conn. 


Product PP, Purepac Pharmaceutical Co., Elizabeth, N.J.: Product PD, 
Parke-Davis and Co.. Detroit, Mich.; and Product PR, Philips Roxane, Columbus, 
Ohio. 


5 Sample ME, Merck & Co.,  Rahway, N.J. 
6 Sample MA, Mallinckrodt Chemical, New York, N.Y. 


8 Burdick & Jackson Laboratories, Muskegon, Mich. 


Dihydroquinidine, % 
Tablet Product PDa Product PP Product PR 


1 9.81 3.19 6.50 
2 9.49 3.80 6.57 
3 9.09 3.38 6.25 


Mean 9.47 f 0.52 3.49 f 0.39 6.44 i 0.24 
- - - 


For roduct identification, see Experimental. * Each value represents the mean 
of four leterminations. 


to a standard curve. Theobromine (10 pg/ml) could be added as an in- 
ternal standard to correct for injection volume errors. Theobromine re- 
tention time was 2.25 min under these conditions. 


To estimate the dihydroquinidine Concentration in various raw ma- 
terials, quinidine hase and quinidine sulfate solutions (20 pg of quini- 
dindml) were made as described. 


RESULTS 


Figure 1 shows a typical chromatogram for quinidine and dihydro- 
quinidine in a tablet. No interfering peaks due to excipients were observed 
in the quinidine tablets. Slight variations in retention times could be seen 
from day to day. 


The standard quinidine and dihydroquinidine curves for peak height 
versus concentration are linear over a wide concentration range and pass 
through the origin. Quinidine and dihydroquinidine concentration can 
he estimated accurately over 0-75 pg/ml, which encompasses the range 
used in this assay. 


All quinidine raw materials contained dihydroquinidine, but no other 
cinchona alkaloids were detected. Samples from different commercial 
sources contained 3-29% dihydroquinidine. The mean dihydroquinidine 
concentration in the two quinidine sulfate raw materials varied from 3 
to 16% whereas the content ranged from 25 to 29% in the two quinidine 
base materials. The percent of dihydroquinidine in the quinidine sulfate 
samples was (mean f SD): Sample ME, 3.19 f 0.13%; and Sample KK,  
15.7 f 1%. Similar values for quinidine base samples were (mean f SD): 
Sample ME, 27.2 f 1.9%; and Sample MA, 29.3 f 1.1%. Each reported 
value is a mean of b u r  determinations from the same sample. 


Table I shows the dihydroquinidine content in three commercial 
quinidine sulfate tablets. Each reported value represents the mean of four 
determinations from the same solution. The mean dihydroquinidine 
content varied from 3.19 to 9.81%. Dihydroquinidine content was least 
in Product PP (3.49%), maximum in Product PD (9.47%);and interme- 
diate in Product PK (6.44%). 


DISCUSSION 


No significant differences were observed in concentration when esti- 
mating dihydroquinidine and quinidine content from filtered or nonfil- 
tered solutions. Thus, there was no significant adsorption to the filter?. 
Filters should be soaked in distilled water for at least 0.5 hr prior to use 
to remove any surfactant that might interfere with the assay. 


The IJSP monograph for quinidine (2) allows dihydroquinidine con- 
centrations up  to 20% of the quinidine concentration, and the content 
uniformity requirement allows a tahlet range of f15%. Thus, a 200-mg 
quinidine sulfate tahlet could contain as little as 148 mg of quinidine 
sulfate and 37 mg of dihydroquinidine sulfate (185-mg tablet) or 215 mg 
of quinidine sulfate with no dihydroquinidine. The three quinidine sulfate 
tablet formulations tested ranged from 3.4 to 9.5% dihydroquinidine. The 
sulfate raw materials contained 3.2 and 15.7% dihydroquinidine, and the 
two base samples contained 27 and 29%. 


Quinidine in tablets was quantitated employing the quinidine peak 
height and the standard curve. All three tablet formulations met the USP 
content uniformity test; e.g., the quinidine content was 87.5.94.5, and 
95.8% for Products PD, PR, and PP, respectively. The quinidine content 
of raw materials varied from 84 to 96% for the sulfate and 100-103% for 
the two base samples. 


However, the question of differences between quinidine and dihy- 
droquinidine persists. Previous studies showed that dihydroquinidine 
has a lower partition coefficient (4) and a slower dissolution rate from 
formulations (6) than quinidine. In a recent study in rats (7). quinidine 
and dihydroquinidine had similar efficacy and toxicity when given in- 
travenously, but dihydroquinidine had a 40% higher oral LDm. This 
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finding is in agreement with a study conducted in humans (8) where 
quinidine gluconate gave higher blood levels than dihydroquinidine 
gluconate after single and maintenance doses. These studies suggest that 
the cardiovascular activities of quinidine and dihydroquinidine are 
similar hut that differences may exist when these two components are 
incorporated into dosage forms. For these reasons, monitoring of the 
dihydroquinidine content in quinidine raw materials and dosage forms 
may have practical importance. 
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Abstract  A novel, closed-loop drug delivery system was developed 
where the presence or absence of an external compound controls drug 
delivery from a bioerodible polymer. In the described delivery system, 
hydrocortisone was incorporated into a n-hexyl half-ester of a methyl 
vinyl ether-maleic anhydride copolymer, and the polymerdrug mixture 
was fabricated into disks. These disks were then coated with a hydrogel 
containing immobilized urease. In a medium of constant pH and in the 
absence of external urea, the hydrocortisone release was that normally 
expected for that polymer a t  the given pH. With external urea, ammo- 
nium bicarbonate and ammonium hydroxide were generated within the 
hydrogel, which accelerated polymer erosion and drug release. The drug 
delivery rate increase was proportional to the amount of external urea 
and was reversible; that  is, when external urea was removed, the drug 
release rate gradually returned to its original value. 


Keyphrases Dosage forms-controlled-release delivery devices, n -  
hexyl half-ester of a methyl vinyl ether-maleic anhydride copolymer, 
urease, pH-controlled hydrocortisone release Hydrocortisone-con- 
trolled-release delivery, pH controlled, n-hexyl half-ester of a methyl 
vinyl ether-maleic anhydride copolymer, urease 0 Copolymers-con- 
trolled-release delivery devices, n-hexyl half-ester of a methyl vinyl 
ether-maleic anhy’dride, urease, pH-controlled hydrocortisone release 


Urease-controlled-release delivery devices, pH-controlled hydro- 
cortisone release Corticosteroids-hydrocortisone, controlled-release 
delivery device 


Drug formulations that deliver an active agent to a 
specific body site in precisely regulated amounts are su- 
perior to those that indiscriminately flood the whole body 
with a therapeutic agent. Consequently, sustained drug 
release is receiving great attention (1). 


However, even precisely controlled sustained delivery 
is not always the optimum therapeutic regimen. In many 
applications, a better delivery system is one that delivers 
the active agent only when needed. The essential ingre- 
dients of such a system are a sensing mechanism that can 
detect minute amounts of a specific compound in a com- 
plex mixture such as blood and some means of transferring 
this information to a delivery device that can then modify 
therapeutic agent delivery. While electromechanical de- 
vices that use microelectronics and enzyme probes to 


OCH I 
1 


OCH , 
I 
I ROH 1 


fCH,--CH-CH*H+ - t(‘H,--CH--CH-CH-f;; 


COOH COOR 
I 1 I 1  


0 0 
Scheme I 


control miniaturized pumps are possible, this study centers 
on purely chemical methods. 


BACKGROUND 


A previous paper (2) described the dissolution and concomitant drug 
release from partially esterified copolymers of methyl vinyl ether and 
maleic anhydride prepared as shown in Scheme I. Two notable features 
of these polymer systems were: ( a )  their ability to undergo surface erosion 
and, hence, to release an incorporated drug by zero-order kinetics, and 
( b )  an extraordinary sensitivity of the erosion rate to the surrounding 
aqueous environment pH. These systems also exhibited a characteristic 
pH above which they were completely soluble and below which they were 
completely insoluble. This pH was very sharp and depended on the size 
of the alkyl group in the copolymer ester. Consequently, polymer erosion 
behavior can be tailored to fit any desired pH environment; even very 
small pH variations will have a major effect on the erosion rate and, thus, 
on drug release. 


Any sensing mechanism that can convert the presence of a specific 
compound in the external environment to a pH change can be used to 
control polymer dissolution and therapeutic agent delivery. Enzymes 
almost ideally fit this requirement because their mode of action is highly 
specific; in many cases, enzyme-substrate reaction products are acidic 
or alkaline compounds. 


For this study, an enzyme was needed that, after reaction with a suh- 
strate, liberated an alkaline product so that the net effect of the en- 
zyme-substrate reaction would be a pH increase at the polymer-water 
interface. The enzyme urease, which interacts with urea as shown (31, was 
selected (Scheme 11). 


(NH&CO t 3H20 HCO, + 2NH: + OH- 
Scheme I1 


The purpose of this study was to develop a system in which urea in an 
external environment would affect the release of hydrocortisone incor- 


0022-35491 7910700-09 19$0 1.0010 
@ 1979. American Pharmaceutical Association 


Journal of Pharmaceutical Sciences I 919 
Vol. 68, No. 7, July 1979 












SEPTEMBER 1979 
VOLUME 68 NUMBER 9 


JOURNAL OF 
PHARMACEUTICAL 


SCIENCES @ 
MARY H. FERGUSON 


Editor 


SHEILY ELLIOTT 
Production Editor 


MARCIA CARTRELL 
Copy Editor 


NICOLETTE TRIANTAFELLU 
Copy Editor 


EDWARD G. FWDMANN 
Contributing Gdit or 


SAMUEL W. GOLDSTEIN 
Contrihuttng Edrtor 


HELLE R. BECK 
Bditorrol Swrrtar> 


DAVID HOHARDT 
Dirurtor i ~ /  f’ubiicut ions 


I. I,“AX ( .Otttt l ( ;Ari  
.4.~.,i.,tont I)rrv( tor  ,,/ I’uhlr~utr,m~ 


EDITORIAL ADVISORY BOARD 


JOHN AU’TIAN HEHHEHT A. 


NORMAN K. 
IJEHEIIMAN 


FARNSWOH’I’H DAVID E. MANY, JH. 


WILIJAM 0. FOYE GERAI.1) . I .  I’AI’AI~IEI.I.O 


WILLIAM .I. .JUSKO EDLVAHD G .  HIPPIE 


The Journot o/ fhorrnaceutica[ Science5 (ISSN 0022- 
3549) is published monthly by the American Pharmaceu- 
tical Association (APhA) a t  2215 Constitution Ave.. N.W., 
Washington, DC 20097. Second-class postage paid at 
Washington, D.C., and at additional mailing office. 


All expressions of opinion and statements of supposed 
fact ap aring in articles or editorials carried in this journal 
are pugfished on the authority of the writer over whose 
name they appear and are not to he regarded as necessarily 
expressing the policies or views of APhA. 


Offices-Editorial, Advertising, and Su hscri pt ion: 22 15 
Constitution Ave., N.W.. Washington, DC 20037. Printing: 
20th & Northampton Streets, Easton, PA 18042. 


Annual Subscriptions-United States and foreign. 
industrial and government institutions $50, edurational 
institutions $50, individuals /or pwsonoi u.\c only $30; 
si le copies $5 All foreign subscriptions add $5 for postage. 
Sgscription rates are subject to change without notice. 
Members of APhA may elect tn receive the Journal o/ 
Pharmaceutical Sciences as a part of their annual $70 
(foreign $75) APhA membership dues. 


Claims-Missing numbers will not be supplied i f  dues 
or subscriptions are in arrears for more than 60 days or if 
claims are received more than 60 days after the date of the 
issue, or if loss was due to failure to give notice of change of 
address. APhA cannot accept responsihilitv for foreign 
delivery when its recwds indicate shipment was made. 


Change of Address-Members and suhscrihers should 
notify at once both the Post Office and A P M  of any change 
of address. 


Photocopying-The code at the foot of the first page of 
an article indicates that APhA has granted permission for 
copying of the article beyond the limits permitted hy Sec- 
tions 107 and 108 of the U S .  Copyright Law provided that 
the copier sends the per copy fee stated in the code to the 
Copyright Clearance Center, Inc.. P 0. Hox 8891, Hoston, 
MA 021 14. Copies may he made for personal or internal use 
only and not for general distrihution. 


Microfilm-Available from University Microfilms In- 
ternational, 300 N. Zeeh Road, Ann Arhor, MI 48106. 


‘c, Copyright 1979, American 1’harm;ireutiral Aksociatiiin. 
2215 Constitution Ave.. N.W., Washington. DC 20037; all 
rights reserved. 


CAUTION URGED IN RATIONING RESEARCH 


Remember those long gasoline lines earlier this summer? 
Perhaps some of our readers reside in places where the gas crunch didn’t hit so 


badly, but those of us in the Washington, D.C. area were not so lucky. As a result, 
we won’t quickly forget the long lines of frustrated, agonizing motorists. Un- 
doubtedly, our keen recollection is at least in part due to the fact that  we ourselves 
sat in those lines, and we personally underwent the experience involved. 


This constituted a vivid, living example of the theory of supply and demand; 
supply went down and demand went up, with the delicately balanced system thrown 
completely awry. If the supply falls or can’t be increased, and if the demand either 
continues or expands, then a shortage will result. And the best that  anyone can 
suggest as a remedy is some sort of rationing plan. 


All of this is an introduction to another area of “rationing.” We had first heard 
this suggested only within the past year, but have seen it mentioned with increasing 
frequency in recent months. And that is the idea of “rationing” health care. 


In late June of this year, United Press International reported on the release of 
a Brookings Institute study which stated that  health care costs are rising rapidly 
a t  a time when the traditional governing control-namely, ability to pay-is being 
abandoned in favor of the growing belief that  no one should have to forgo medical 
care because of inability to pay. 


The author of the study was quoted as saying, “We must accept the true nature 
of the cost problem. Once we decide that costs are rising too fast and that, in order 
t o  slow them, we are willing to modify the philosophy that costs should not be a 
consideration in medical care, the next question is, ‘How do we want to accomplish 
the rationing that must take place?’ ” 


Recognizing that even the idea of rationing health care is an “explosive one” for 
the medical community as well as the general public, the study points out that only 
modest economies remain to  be achieved by current attacks on waste and fraud. 
Meanwhile, the demand for care and the cost of care are both soaring. 


We might have simply dismissed this Brookings study as some academic specu- 
lation and idle theorizing if it were not for several similar reports, projections, and 
conclusions appearing from other sources. The  most startling of these was a full 
three-page discussion entitled “Is health care ‘rationing’ inevitable?” which ap- 
peared in the weekly newspaper of that  bastion of conservatism, the American 
Medical Association. 


This publication labeled the thought as “a somewhat alarming idea,” but the 
message that came through was that ultimately some kind of rationing system will 
be applied to health care. To quote one of the discussants, “At some point, society, 
quite independently of what you and I believe about medicine, will decide that 
10% or 12% of the GNPis  enough to spend on health care and  decide that they 
aren’t going to pay any more. Given that societal decision, then we’ll have to decide 
what the appropriate balance should be between the present marketplace ra- 
tioning system and the implicit and explicit rationing.” 


What does all this have to  do with pharmacy and the pharmaceutical sciences? 
Plenty! Drug products and pharmaceutical service are integral components of health 
care. Although they account for only a fraction of the health care dollar, they do 
represent significant costs. Moreover, when government agencies and legislators 
have looked for places to cut costs in the past, drugs and pharmaceutical services 
are among the first areas targeted. And when the budget for drug purchase goes 
down, the drug research budget ultimately is affected as well. 


Although “rationing” per se would be a new development in the case of phar- 
maceuticals, we have had some related experiences in which restrictions have been 
applied or considered in drug development or distribution, due either to the cost 
or availability of drug products. 


For example, each year the question of mass flu immunization programs centers 
around the cost of such programs uis’-ci-vis‘ their anticipated or projected benefit 
in terms of health savings to  the public. Regarding limited supplies, during World 
War I1 shortages of quinine to treat malaria and of the newly developed antibiotic, 
penicillin, to treat infections caused by battle wounds required a system of priority 
establishment that certainly approximated rationing. Subsequently, when polio 
vaccine first became available, the limited supplies required that choices be made 
as to whom it would be administered. 


But in the quest for economy, we hope that the decision-makers recognize that 
carefully chosen and wisely selected research can often be the most effective route 
to major economies. For example, countless drugs are now available to use vin 
chemical synthesis at a small fraction of their previous cost from biological or bo- 
tanical sources. In other instances, research has led to the development of greatly 
improved and more effective agents. 


Hence, we must remain vigilant to the need to ensure the continued viability of 
our drug research effort, so long as it is channeled toward truly productive goals 
and objectives. -EGF 
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Modification of Metoclopramide GLC Assay: 
Application to Human Biological Specimens 
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Abstract A modified electron-capture GU= assay for metoclopramide 
in human biological specimens is reported. This assay involves the in- 
corporation of a back-extraction method to remove endogenous con- 
taminants. Its applicability was demonstrated by studying the time 
course of metoclopramide in plasma and urine from a human subject. The 
lowest quantifiable metoclopramide concentration in plasma was 7 ng/ml, 
provided 0.5 ml of plasma was used. 


Keyphrases 0 Metoclopramide-analysis, electron-capture GLC, 
human plasma and urine Antiemetic agents-metoclopramide, elec- 
tron-capture GLC analysis, human plasma and urine GLC, electron 
capture-analysis, metoclopramide, human plasma and urine 


A highly sensitive electron-capture GLC assay was de- 
veloped recently for the determination of metoclopramide 
(I), mol. wt. 299.81, in biological specimens from the rat (1). 
However, when the same procedures were used to analyze 
human plasma, quantitation of I was impossible due to 
interferences from endogenous substances (Fig. la). A 
slight modification of this method, involving a "cleanup 
step," successfully removed endogenous substances from 
the human plasma samples. The purpose of this report is 
to describe this improved assay. 


EXPERIMENTAL 


Materials-Metoclopramide monohydrochloride monohydrate' (11) 
(mol. wt. 336.31), benzene*, 4% ammonium hydroxide3, 1 N NaOH4, 5 
N NaOH4, 1 N HCF, heptafluorobutyric anhydride6 (III), and diazepam7 
were used. 


GLC-A reporting gas-liquid chromatographs equipped with a 
63Ni-electron-capture detector (63Ni-15 mCi). and a 1.2-m X 2-mm i.d. 
glass column, containing 3% OV-225 coated onto 80-100-mesh Chro- 
mosorb W, was used to analyze plasma samples. The operating temper- 


H J  Q!-NH-cHzcHz-N /CZH, 


'C,H, 
OCHj 


I 


Analysis No. 9207, A. H. Robins, Montreal, Canada. 


Reagent ACS code 1293, Allied Cfxernical Canada Ltd., Pointe Claire, Quebec, 


Mallinckrodt Chemical Works, St. Louis, Mo. 
Reagent ACS, Allied Chemical Canada Ltd., Pointe Claire, Quebec, 


Pierce Chemical Co., Rockford, Ill. 
Lot R-6685, Hoffmann-La Roche, Montreal, Canada. 
Hewlett-Packard model 5840. 


2 Distilled in glass, Caledon, Geor etown, Ontario, Canada. 


Canada. 


Canada. 


atures for routine analysis were: injection port, 250'; oven, 245'; and 
detector, 350'. The carrier gas (95% argond% methane) flow rate was 
40 ml/min. For urine analyses, all GLC conditions were identical except 
that a 0.6-m X 2 mm-id. 3% 0,V-225 column was used and the oven 
temperature was 230'. 


Extraction Procedure-Plasma-A 0.5-ml sample of human plasma 
(blank) was spiked with serial concentrations of I1 (concentration 
equivalent to 7-93 ng of I/ml of water) (Table I). To each spiked sample, 
0.5 ml of 1 N NaOH was added. The final volume was made up to 2 ml 
with water (pH N 12). The aqueous phase was extracted with 8 ml of 
benzene by shaking with a wrist-action shakerg for 15 min. After cen- 
trifugation at  3000Xg for 10 min, 7 ml of the organic phase was removed 
and back-extracted (extraction time, 15 min) with 2 ml of 1 N HCl. 


The benzene layer was aspirated, and the safnple was washed two times 
with benzene (4 ml each). The remaining aqueous layer was alkalinized 
with 0.5 ml of 5 N NaOH (pH N 12). Finally, this layer was extracted with 
6 ml of benzene (extraction time, 15 min). A 5-ml aliquot of the organic 
phase was removed and dried under a gentle nitrogen stream at ambient 
temperature. The residues were reconstituted with 0.5 ml of internal 
standard solution (50 ng of diazepamlml of benzene). 


Urine-A 0.1-0.5-ml volume of urine containing I was extracted in the 
same manner as described by Tam and Axelson (1). 


Derivative Formation and Quantitative Analysis-A 2 0 4  volume 
of I11 was added to the reconstituted solution. The reaction mixtures were 
incubated at  55' for 10 min. Excess I11 was removed by hydrolysis with 
0.5 ml of water and neutralization with 0.5 ml of 4% NH40H (1). A 5-pl 
volume of the derivative solution was injected into the reporting gas- 
liquid chromatograph by an automatic sampler. Quantitative estimation 
of I in human plasma and urine samples was accomplished by plotting 
the area ratios of the derivative and the internal standard against a range 
of solutions of known I concentration. 


Human Study-A 20-mg metoclopramide monohydrochloridelo (IV) 
dose was administered orally to a fasted normal healthy volunteer during 
a drug interaction study with griseofulvin. Five-milliliter blood samples 
were withdrawn atO, 0.25,0.5,0.75,1.0,1.5,2.0,3.0,4.0,5.0,6.0,8.0, and 
24 hr after drug administration. The blood samples were immediately 
centrifuged, and the plasma was separated. Cumulative urine samples 
were collected up to 96 hr after drug consumption. Both the plasma and 
urine samples were stored at  -20' until analysis. 


Table I-Quantitative Metoclopramide Estimation in Human 
Plasma 


Metoclopramide 
Concentration, 


ng/ml na Area Ratio SD 


7 
15 
37 
56 
93 


0.409 f0.03 
0.812 f0.05 
2.i40 f0.25 
2.935 f0.20 
4.768 f0.36 


a Each n is the average of three injections. 


Q Patent pending, Burrell Corp., Pittsburgh, Pa. 
lo Maxeran tablets (10 mg), Nordic, Laval, Quebec, Canada. 
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C. n b. ‘d. 


Figure 1-Representative chromatograms of: (a) a blank plasma ex- 
tract after a single extraction; (%) blank plasma after back-extraction; 
(c) a plasma sample containing 60 ng of metoclopramidelml(3.76 min) 
and 50 ng of diazepamlml (9.1 min); and (d) a urine sample using a 
0.6-m 3% OV-225 column instead of a 1.2-m 3% OV-225 column. Peaks 
at 2.18, 5.35, and 9.71 rnin are the derivative of metoclopramide, di- 
azepam, and an unidentified metabolite, respectively. Chart speed was 
0.5 cmlmin. 


RESULTS AND DISCUSSION 


Extraction and GLC-With the single-extraction method (l) ,  it was 
observed that not only I but also other endogenous substances that 
contributed to the extraneous peaks were effectively removed from 
human plasma samples (Fig. l a ) .  These interfering peaks prevented the 
quantitation of I in human plasma. Those contaminants responsible for 
the interfering peaks were successfully removed by back-extracting I into 
an acidic medium (Fig. lb) .  A representative chromatogram of the plasma 
extract after the plasma was spiked with I1 is shown in Fig. l c .  The re- 
tention times of the derivatives of I and diazepam were 3.75 and 9.14 min, 
respectively. Back-extraction of human urine samples was unnecessary 
since no interference was observed in the chromatogram (Fig. Id) .  


The peaks at 2.18, 5.35, and 9.71 min were the derivatives of I, di- 


I I I I I 1 


4 8 12 16 20 24 
HOURS 


Figure 2-Plasma metoclopramide profile after a dose of 20 mg of meto- 
clopramide monohydrochloride PO to a normal healthy volunteer. 


Table 11-Quantitative Metoclopramide Estimation in  Human 
Urine 


Metoclopramide 
Concentration, 


d m l  na Area Ratio SD 
0.04 3 0.075 fO.001 
0.37 3 0.569 f0.002 
0.7 3 1.058 f0.017 
1.1 3 1.531 f0.024 
1.5 3 2.030 f0.054 
1.9 3 2.562 f0.113 
2.2 3 3.044 f0.053 


a Each n is the average of three injections. 


azepam, and an unidentified metabolite, respectively. The identification 
of this metabolite by mass spectrometry is planned. Since simultaneous 
quantitation of this metabolite and I is desirable, and the elution time 
of the peaks would be relatively long if a 1.2-m column (Fig. l c )  were used, 
a shorter column might be preferable in the urine sample analyses. A 
0.6-m column provided baseline separation between the peaks, and a 
short elution time for all three compounds also was observed (Fig. Id) .  
Alternatively, a 1.2-m column was required to separate the derivative 
peak from the solvent front in plasma analyses due to interfering sub- 
stances not observed in urine. 


Chromatographic response was linear in the range studied (concen- 
tration equivalent to 7-93 ng of Ilml of plasma and 0.04-2.2 pg of I/ml 
of urine). The calibration curves were obtained by analyzing blank urine 
or plasma samples spiked with various drug concentrations (Tables I and 
11). From the linear regression analyses, the best-fit line through the data 
points was described by y = 0.051~ - 0.062 for plasma and y = 1.345~ - 0.446 for urine, with r2 = 0.99 in both cases. The recovery of I after 


1 I I I I 
4 8 12 16 20 24 


HOURS 
Figure 3-Midpoint urinary excretion rate plots. Key: 0, urine samples 
collected along with blood samples; and 0, urine samples collected in 
a separate study using the same dose (20 mg of metoclopramide 
monohydrochloride) and subject. 
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extraction from the plasma samples was 84 f 9%. The minimum 
quantifiable amount of I was -25 pghnjection. 


Human Data-To demonstrate the application of the assay modifi- 
cation, urine and plasma I concentrations were measured in a human 
subject receiving IVl0 during a drug interaction study. 


The peak plasma I concentration was achieved at  -1.5 hr after an oral 
dose of IV. Despite the somewhat scattered plasma data, the elimination 
half-life could be estimated using truncated plasma data, as reported 
previously (2,3). When the truncated 8-hr plasma data were evaluated, 
an apparent half-life of 3.9 hr was noted; other investigators noted a 
half-life of 2.8 hr (3) and 4.0 hr (2) using similar data. However, when a 
24-hr plasma sample was taken into account (Fig. 2). the elimination 
half-life was 5.4 hr. It becomes apparent that the use of 8-hr plasma data 
results in an underestimation of the terminal elimination half-life. Since 
no blood samples were taken between 8 and 24 hr after drug adminis- 
tration, an accurate estimation of the true elimination half-life was 
hampered using plasma data. 


It was possible, however, to assees accurately the I elimination half-life 
using the urinary excretion rate data. When the urinary excretion rate 
of I was determined, the peak excretion rate was at  1.5 hr, in agreement 
with the time required for peak plasma concentrations to occur in this 
subject (Fig. 3), and the elimination half-life was 6 hr. In the postab- 
sorptive phase of the plasma concentration and urinary excretion rate 
data, a biexponential decline was observed (Figs. 2 and 31, suggesting that 
I may follow multicompartment kinetics in humans. Following intrave- 
nous administration, Bateman et al. (3) reported biexponential kinetics 
for I, but these investigators may have missed the true terminal elimi- 


nation phase noted in this subject (Fig. 3). This finding was confirmed 
by the fact that measurement of the half-life for I using truncated urinary 
excretion data (0-8 hr only, Fig. 3) yielded a half-life of 3 hr, in agreement 
with the reported value (3). 


When the urinary excretion rate for I was determined in another ex- 
periment, the time for the maximal excretion rate was attained more 
rapidly. Slopes observed in the postabsorptive phase in both experiments 
(Fig. 3) were virtually identical, yielding a half-life of 6 hr. Thirteen 
percent of the dose was recovered as the intact drug after 96-hr cumula- 
tive urinary excretion. Acid hydrolysis of urine samples yielded a three- 
fold increase in intact drug recovered. 


Although urinary excretion rate data strongly suggest a longer half-life 
for I, the precise determination of the I elimination half-life in human 
plasma requires more blood samples. Additional studies are planned to 
confirm this observation. 
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Abstract In vitro kinetic studies of the reaction of hydralazine with 
acetaldehyde at  physiological concentrations and pH were conducted. 
This reaction, which leads to the formation of 3-methyl-S-triazol0[3.4- 
alphthalazine, may occur in the plasma and may represent an alternative 
pathway for hydralazine metabolism. The reaction of hydralazine with 
acetaldehyde followed second-order kinetics with an activation energy 
of 16.9 kcal/mole. At 37O, the half-life of the reaction for a solution con- 
taining 2.3 pg of acetaldehyde/ml and 1 pg of hydralazine/ml was 4.5 hr. 
The rate increased with increasing acetaldehyde concentrations. 


Keyphrases Hydralazine-reaction with acetaldehyde, kinetics, 
half-life, therapeutic implications Antihypertensive agents-hydral- 
azine, reaction with acetaldehyde, kinetics, half-life, therapeutic impli- 
cations 0 Kinetics-hydralazine reaction with acetaldehyde 0 Acetal- 
dehyde-reaction with hydralazine, kinetics, half-life, therapeutic im- 
plications 


Since the early 1950'9, hydralazine has been used to treat 
hypertension by direct peripheral vasodilation. More re- 
cently, the drug has been used in the treatment of severe 
congestive heart failure (1,2). Its use, however, has been 
limited due to inadequate pharmacokinetic data on the 
drug and its metabolites. 


BACKGROUND 


The complete metabolism of hydralazine remains undefined. Studies 
(3,4) showed that hydralazine undergoes polymorphic N-acetylation to 
form 3-methyl-S-triazolo[3,4-a]phthalazine as the major metabolic 
pathway, with phenotypically slow acetylators having higher steady-state 
plasma concentrations than fast acetylators. However, it was pointed out 


that the thermal half-life of hydralazine among slow acetylators is only 
slightly longer than or is not significantly different from that of fast 
acetylators (5). Thus, it seems doubtful that the enzymatic N-acetylation 
can represent the major metabolic pathway of hydralazine. in humans. 


Hydralazine metabolism is also more complicated because hydralazine 
is chemically reactive. It undergoes condensation with biogenic aldehydes 
and ketones to form hydrazones. Studies (6) in this laboratory showed 
that the reaction of hydralazine with formaldehyde and acetaldehyde 
forms S-triazolo[3,4-a]phthalazine and 3-methyl-S-triazolo[3,4-a]- 
phthalazine, respectively. Both products are known hydralazine me- 
tabolites (3,4). 


The formation of 3-methyl-S-triazolo[3,4-a]phthalazine from acet- 
aldehyde and hydralazine was mentioned previously (7). These findings 
suggest that the formation of the hydralazine metabolites in humans may 
be at  least partially due to the reaction of hydralazine with acetaldehyde. 
The acetaldehyde concentration in biological fluids is subject to signifi- 
cant increase by alcohol consumption and certain disease states (8). Thus, 
metabolite formation via this chemical reaction is significant with respect 
to proper drug use, especially in alcoholism, diabetes, and fasting states 
and on prolonged hydralazine administration. 


To examine the effect of this chemical reaction on hydralazine me- 
tabolism and pharmacokinetics, the in vitro kinetics of 3-methyl-S- 
triazolo[3,4-a]phthalazine formation from hydralazine and acetaldehyde 
were studied. The importance of this reaction is discussed. 


EXPERIMENTAL 


Materials-Hydralazine (I), hydrochloride salt', and acetaldehyde2 
(11) were used as obtained. 3-Methyl-S-triazolo[3,4-a]phthalazine (111) 


Courtesy of Dr. M. Wilhem, Ciba-Geigy, Summit, N.J. * Aldrich Chemical Co., Milwaukee, Wis. 
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High-pressure Liquid Chromatographic Analysis of 
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Abstract 0 A method is described for the extraction of ticrynafen, a new 
hypotensive agent, and its reduced metabolite from serum and urine. 
Drug-related material is extracted from biological fluids with ether under 
strongly acidic conditions and then back-extracted into an alkaline 
aqueous phase, which is subjected to high-pressure liquid chromato- 
graphic analysis. Separations are performed on a reversed-phase column 
with a mobile phase consisting of phosphate buffer-acetonitrile. This 
accurate and reproducible method measures serum concentrations of 
ticrynafen and its reduced metabolite as low as 1.0 and 0.4 pg/ml, re- 
spectively. 


Keyphrases Ticrynafen-analysis, extraction, high-pressure liquid 
chromatography, reduced metabolite, urine and serum 0 Hypotensive 
agents-ticrynafen, reduced metabolite, extraction, high-pressure liquid 
chromatography, urine and serum 0 High-pressure liquid chromatog- 
raphy-ticrynafen, reduced metabolite 


Ticrynafen, [2,3-dichloro-4-(2-thienylcarbonyl)phe- 
noxylacetic acid (I), is a new hypotensive agent which 
combines thiazide-like diuretic activity with uricosuric 
properties (1,2). The drug is metabolized by reduction to 
the alcohol (11) or by oxidative cleavage to the dicarboxylic 
acid (111) (3). Maurer et al. (4) described a spectrophoto- 
metric analysis of I and I1 in which plasma and urine 
samples were extracted and purified by TLC. The material 
eluted from the scrapings was measured by UV absorption 
at 290 nm. GLC also has been described for measurement 
of I ( 5 )  and 1-111 (6) in plasma and urine following ex- 
traction and derivatization of the drug and its metabo- 
lites. 


This paper describes a high-pressure liquid chromato- 
graphic (HPLC) procedure for measuring I and I1 in serum 
and urine. The method is more rapid than either the 
spectrophotometric or GLC procedure, and its usefulness 
in providing bioavailability and clearance data has been 
proven in studies in dogs and humans. Although I11 is not 
measured by the HPLC analysis, this component consti- 
tutes a very small portion of drug-related material, both 
in dogs (3) and humans (6) .  


EXPERIMENTAL 


Instrumentation-A constant-flow pumping system1 was coupled 
with a variable-wavelength detector2 set a t  210 nm. The column, 2.6-mm 
i.d. X 25 cm, was obtained prepacked with reversed-phase material3; a 
rotary injection valve4 equipped with a 15-pl loop was used to introduce 
samples into the system at the column inlet. 


Reagents-Analytical reagent grade ethel.5 was used for the extraction 
of I and I1 from biological fluids. The HPLC mobile phase was 0.05 M 
phosphate buffer (pH 7.0)-glass-distilled acetonitrile6 (7822). 


Standard Solutions-Appropriate concentration ranges of I and 117 
were prepared in serum or urine for each set of experimental samples, 
and these standards were extracted and analyzed concurrently with the 


1 Perkin-Elmer 601. 
Perkin-Elmer LC-55. 
Perkin-Elmer ODS-HC SIL-X-1. 
Valco Indruments Co., Houston, Tex 


Burdick & Jackson. 
6 Mallinckrodt. 


’ Smith Kline & French Laboratories. 


I 


unknowns. Following a 250-mg oral dose in humans, suitable concen- 
tration ranges were: serum, 1.0-25 pg of I/ml and 0.4-2.5 pg of II/ml; and 
urine, 20-125 pg of I/ml and 8-50 pg of Wml. The internal standard in 
the assay was prepared by dissolving 40 mg of ethacrynic acid in 100 ml 
of methanol. 


Extraction-Serum-Serum aliquots, 0.5 ml, were pipetted into 
12-ml conical centrifuge tubes, and 10 pl of the internal standard solution, 
0.5 ml of 3 N HCI, and 1.5 ml of water were added sequentially with 
vortexing after each addition. Diethyl ether, 5 ml, was added. The tubes 
were tightly stoppered, placed horizontally in a reciprocating shaker, and 
shaken slowly (about 60 oscillations/min) for 30 min. 


After shaking, samples were centrifuged to separate the layers sharply, 
and 4.0 ml of the organic layer was transferred to a second 12-ml centri- 
fuge tube containing 0.3 ml of 0.035 M Na2HP04. The tubes were shaken 


D c 
n 


A 


il c D n v) c 


B 
v) I I 1 1 I 


5 10 15 20 25 30 
MINUTES 


Figure 1-Chromatograms of extracts from control human serum ( A )  
and serum containing 5 pg of Ilml plus 0.5 pg of IIjrnl (B). Key: a, II; 
b, I; and c, ethacrynic acid (internal standard). 
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Table I-Recovery from Serum Based on Peak Height Ratios Table  11-Recovery from Urine Based on Peak Height Ratios 


Extracted 
I, 20 II ,2 


Sample rglml Ccg/ml 


1.84 
1.78 
1.84 
1.80 
1.78 


.16 
..I8 
.20 


..16 


..13 
X 1.81 1.17 
SD, f0.03 f0.03 
Recovery*, % 104 107 


- 


Unextracted" 
I, 33.4 II,3.34 
pg/ml pglml 


1.98 1.25 
i .98 1.27 
2.02 1.28 
2.02 1.25 
1.97 1.25 
1.99 I .26 


f0.02 f O . O 1  


0 Concentration that would represent 100% recovery, 0.5 ml of serum - 0.3-ml 
Recovery = f extractedfi unextracted, corrected for volume loss final volume. 


in which 4.0 ml was taken from a total 4.6-ml organic layer. 


horizontally a t  high speed (about 120 oscillations/min) for 15 min. The 
phases were separated by centrifugation, and the organic layer was as- 
pirated and discarded. The unstoppered tubes were placed in a warm 
water bath for 10 min to remove traces of ether, and the remaining 
aqueous portion was retained for H P I X  analysis. 


Urine-Urine samples were diluted (1:lO) with distilled water. Aliquots 
of diluted urine samples, 0.25 ml, were pipetted into 12-ml conical cen- 
trifuge tubes and 10 pl  of the internal standard solution, 0.25 ml of 3 N 
HCl, and 1.75 ml of water were added with vortexing after each addition. 
Diethyl ether, 5 ml, was added and the procedure was completed as with 
serum. 


Chromatography-New columns were conditioned with the mobile 
phase a t  a flow rate of 0.75 ml/min for several hours. This same flow rate 
was then used for sample analysis. Column life may be extended by the 
use of a precolumn packed with pellicular reversed-phase material. Re- 
tention times in this system were 4.7 min for the reduced metabolite (II), 
6.3 min for ticrynafen (I), and 9.7 min for the internal standard. Because 
of large differences between the concentrations of I and I1 in the same 
sample, it is often necessary to attenuate between peaks and, therefore, 
to employ a detector that  provides linear response a t  different attenua- 
tions. 


Quantitation-The ratios of the I and I1 peak heights to the internal 
standard peak height were calculated for each standard. Each of these 
ratios was plotted versus concentration, and the resulting curves were 
used to convert peak height ratios of experimental samples to concen- 
trations. 


A 
B 
C 
n 


I v ) ,  


b 


Ir 
B 
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1 1 I I I I 
5 10 15 20 25 30 


MINUTES 


Figure 2-Chromatograms of extracts from control human urine ( A )  
and urine containing 40 pg of Ilml plus 16 pg of Illml ( B ) .  Key: a,  I I ;  b, 
I ;  and c ,  ethacrynic acid (internal standard). 


Extracted Unextracted" 
I, 80 IT, 32 I, 6.67 11, 2.67 


~ ~~ 


1 0.63 0.28 0.78 0.39 
2 0.64 0.29 0.80 0.39 
3 0.64 0.29 0.80 0.38 
4 0.61 0.27 0.78 0.39 
5 0.62 0.27 0.77 0.39 
X 0.63 0.28 0.79 0.39 
So, f O . O 1  fO.O1 fO.O1  f0.004 
Recovery*, % 98 88 


- 


Concentration that would represent 100% recovery, 0.025 ml of urine - 0.3-ml 
Recovery = f extractedfi unextracted, corrected for volume loss final volume. 


in which 4.0 ml was taken from a total 4.9-1111 organic layer. 


RESULTS AND DISCUSSION 


Recoveries of I and I1 were determined by adding known amounts of 
each to blank human serum and urine and extracting as described under 
Experimental. However, for recovery purposes only, the internal stan- 
dard was not added initially to the samples but was contained in the 0.035 
M Na2HP04 used for back-extraction. The apparent recoveries of I and 
I1 would then not be influenced if the ethacrynic acid extraction was less 
than 100%. Corresponding unextracted samples were prepared in 0.035 
M NaZHP04 (also containing internal standard) so that their concen- 
trations would be equal to 100% recovery from the extracted group. Peak 
height ratios obtained with extracted serum samples and corresponding 
unextracted standards are shown in Table I; the same information for 
urine is shown in Table 11. These results show good reproducibility and 
complete recovery of 1 and I1 from 110th serum and urine. 


The relationship between peak height ratio and concentration was 
linear in serum over the ranges of 1.0-50 pg of Urn1 and 0.43.0 pg of IIlml. 
Likewise, linear relationships were obtained in urine for concentration 
ranges of 20-125 pg of Ilml and 8-50 pg of Wml. The lower detection 
limits for the described method were 1.0 pg of I/ml and 0.4 pg of II/ml 
in serum and 20 pg of I/ml and 8 pg of II/ml in urine. Lower levels could 
be measured by increasing the injection volume for serum samples and 
using a smaller dilution factor with urine. The 1: lO dilution of urine 
containing high concentrations of drug prevented unnecessary loading 
of columns. 


Typical chromatograms obtained with blank human serum and serum 
to which I and I1 had been added are shown in Fig. 1; chromatograms from 
control urine and urine with added I and I1 are shown in Fig. 2. The 
method is specific for ticrynafen and its reduced metabolite since no 
endogenous materials interfering with the analysis of either component 
have been seen in the analysis of numerous control serum and urine 
samples from dogs and humans. Although UV absorption maxima for 
both I and I1 have been reported to be about 290 nm (3), the response was 
increased threefold for I and 25-fold for I1 when the column effluents were 
monitored a t  210 nm compared to the response a t  290 nm. 


Two groups of samples, 18 replicates each, were prepared in blank 
human serum to test the accuracy of the method. One group contained 
4.0 pg of Ilml and 0.5 pg of IIIml; the other contained 12.0 pg of I/ml and 
1.2 pg of Wml. Six samples from each group were analyzed on each of 3 
days as described under Experimental. For the 36 serum samples ana- 
lyzed, the averages of actual content measured were: ticrynafen (I) ,  100.2 
f 4.2%; and reduced metabolite (II), 102.9 f 8.0%. Similar sets of repli- 
cates in blank human urine, containing 40 and 125 pg of I/ml and 16 and 


W E  7 0  zc <i ' 0  
gi 50 
od 40 g z  30 


10 
5: 20 


10 20 30 40 50 60 7 0  80 90 
MINUTES 


Figure 3-Serum levels of I and I 1  in a dog following intravenous ad- 
ministration of 10 mg of I lkg,  as measured by HPLC and CLC. Key: o, 
I (HPLC); 0 ,  I (GLC); 0 ,  I 1  (HPLC); and m, II (GLC) .  
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50 pg of Wml, showed averages of actual content measured in 36 samples 
to be 98.7 & 4.2% (I) and 97.1 f 4.1% (11). 


Following intravenous administration of 10 mg of I/kg to a dog, serum 
levels of I and 11, measured by this HPLC method and a GLC method (6), 
were compared (Fig. 3). The two methods differed by an average of 9% 
in the measurement of total drug-related material (I plus 11) in the nine 
serum samples compared. 
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Abstract l-Chloro-9-hydroxy-9-phenylxanthene reacts with imidazole 
at 180O to form a 51 mixture of the S-(imidazo-l-yl)- and 9-(imidazo- 
2-yl)-l-chloro-9-phenylxanthenes. These products lack significant 
antifungal activity. 
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The advent of clotrimazole (I) (1,2) as a clinically useful, 
broad spectrum antifungal agent has elicited considerable 
research on the synthesis and testing of analogs of this 
molecule including the preparation of “frozen conformers.” 
The fluorene analogs I1 and I11 were prepared and exhib- 
ited good antifungal activity (3). 


DISCUSSION 


Various other compounds in which the covalent bridge between two 
phenyl rings (as in I1 and 111) is replaced by sulfur, oxygen, ethylene, or 
polymethylene have been reported (4-7). The usual synthetic method 
for these compounds has been displacement of the appropriate tertiary 
carbinol with thionyl bis-N,N’-imidazole (4, 5) or displacement of the 
appropriate tertiary chloride with imidazole by refluxing in benzene (3) 
or acetonitrile (6,7). In all cases, the expected N1-imidazole derivative 
was obtained with no mention of other isomers. 


T o  elucidate the pharmacophoric conformation of clotrimazole, 1- 
chloro-9-(imidazo-l-yl)-S-phenylxanthene (V) was prepared. When 1- 
chloro-9-hydroxy-9-phenylxanthene (IV) was fused with imidazole a t  


I 


IV v 
Scheme I 


VI 


180°, the expected V was isolated in a 46% yield along with a 9% yield of 
the unexpected l-chloro-9-(imidazo-2-yl)-9-phenylxanthene (VI) 
(Scheme I). 


Structures V and VI were assigned to the two reaction products based 
on their identical elemental analysis and their physical and spectral 
properties. Compound V displayed considerably greater mobility on silica 
gel in accord with its expected lower basicity. The IR spectrum of VI 
contained an absorption at 2850 cm-* corresponding to the imidazole 
NH bond, which was absent from V. In the 100-MHz NMR spectrum, 
both V and VI showed a complex aromatic splitting pattern from 6 6.8 
t o  7.4. Compound V displayed a pair of overlapping triplets a t  d 7.5 and 
7.6 corresponding to two imidazole ring CH protons, each individually 
coupled to the two ring protons (the third proton apparently was con- 
cealed under the major aromatic peaks). Compound VI showed two dis- 
torted doublets at 8 6.4 and 7.55, each a single proton. These doublets 
sharpened on deuterium oxide exchange, indicating that a free NH was 
present but also concealed under the main aromatic peak. 


Neither V nor VI displayed significant antifungal activity compared 
to clotrimazole (Table I). 


EXPERIMENTAL’ 


Chemistry-1 -Chloro-9-hydroxy-9-phenylxant~efle (I V)-To a 
stirred suspension of 4.4 g (0.019 mole) of 1-chloroxanthone (8) in 100 
ml of anhydrous ether was added dropwise, over 10 min, 22 ml (0.039 


1 NMR spectra were obtained on a Varian XL-100. IR spectra were taken on a 
Perkin-Elmer model 281 spectrophotometer. UV spectra were taken in absolute 
ethanol on a Beckman DB-G grating spectrophotometer. Elemental analyses were 
obtained from Galbraith Laboratories, Knoxville. Tenn. Melting points were taken 
on a Mel-Temp melting-point apparatus and are uncorrected. 
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50 pg of Wml, showed averages of actual content measured in 36 samples 
to be 98.7 & 4.2% (I) and 97.1 f 4.1% (11). 


Following intravenous administration of 10 mg of I/kg to a dog, serum 
levels of I and 11, measured by this HPLC method and a GLC method (6), 
were compared (Fig. 3). The two methods differed by an average of 9% 
in the measurement of total drug-related material (I plus 11) in the nine 
serum samples compared. 
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The advent of clotrimazole (I) (1,2) as a clinically useful, 
broad spectrum antifungal agent has elicited considerable 
research on the synthesis and testing of analogs of this 
molecule including the preparation of “frozen conformers.” 
The fluorene analogs I1 and I11 were prepared and exhib- 
ited good antifungal activity (3). 


DISCUSSION 


Various other compounds in which the covalent bridge between two 
phenyl rings (as in I1 and 111) is replaced by sulfur, oxygen, ethylene, or 
polymethylene have been reported (4-7). The usual synthetic method 
for these compounds has been displacement of the appropriate tertiary 
carbinol with thionyl bis-N,N’-imidazole (4, 5) or displacement of the 
appropriate tertiary chloride with imidazole by refluxing in benzene (3) 
or acetonitrile (6,7). In all cases, the expected N1-imidazole derivative 
was obtained with no mention of other isomers. 


T o  elucidate the pharmacophoric conformation of clotrimazole, 1- 
chloro-9-(imidazo-l-yl)-S-phenylxanthene (V) was prepared. When 1- 
chloro-9-hydroxy-9-phenylxanthene (IV) was fused with imidazole a t  


I 


IV v 
Scheme I 


VI 


180°, the expected V was isolated in a 46% yield along with a 9% yield of 
the unexpected l-chloro-9-(imidazo-2-yl)-9-phenylxanthene (VI) 
(Scheme I). 


Structures V and VI were assigned to the two reaction products based 
on their identical elemental analysis and their physical and spectral 
properties. Compound V displayed considerably greater mobility on silica 
gel in accord with its expected lower basicity. The IR spectrum of VI 
contained an absorption at 2850 cm-* corresponding to the imidazole 
NH bond, which was absent from V. In the 100-MHz NMR spectrum, 
both V and VI showed a complex aromatic splitting pattern from 6 6.8 
t o  7.4. Compound V displayed a pair of overlapping triplets a t  d 7.5 and 
7.6 corresponding to two imidazole ring CH protons, each individually 
coupled to the two ring protons (the third proton apparently was con- 
cealed under the major aromatic peaks). Compound VI showed two dis- 
torted doublets at 8 6.4 and 7.55, each a single proton. These doublets 
sharpened on deuterium oxide exchange, indicating that a free NH was 
present but also concealed under the main aromatic peak. 


Neither V nor VI displayed significant antifungal activity compared 
to clotrimazole (Table I). 


EXPERIMENTAL’ 


Chemistry-1 -Chloro-9-hydroxy-9-phenylxant~efle (I V)-To a 
stirred suspension of 4.4 g (0.019 mole) of 1-chloroxanthone (8) in 100 
ml of anhydrous ether was added dropwise, over 10 min, 22 ml (0.039 


1 NMR spectra were obtained on a Varian XL-100. IR spectra were taken on a 
Perkin-Elmer model 281 spectrophotometer. UV spectra were taken in absolute 
ethanol on a Beckman DB-G grating spectrophotometer. Elemental analyses were 
obtained from Galbraith Laboratories, Knoxville. Tenn. Melting points were taken 
on a Mel-Temp melting-point apparatus and are uncorrected. 
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Table I-Minimum Inhibitory Concentration a by Agar  Dilution 
Method in Sabouraud's Dextrose Agar 


Test Organism V* VI' Clotrimazole 


Candida albicans (two strains) >256 >512 1 
Candida tropicalis >256 >512 1 
Rhodotorula sp. >256 >512 8 
Aspergillus niger >256 >512 a 
Trichophyton mentagrophytes >256 >512 0.5 


Micrograms per milliliter of medium. * Target concentration was 256 pglml. 
Target concentration was 512 pglml. 


mole) of 1.76 M phenyllithium in benzene-etherz. After stirring a t  room 
temperature for 15 min, the reaction was gently refluxed with stirring 
for 1 hr. The cooled mixture was treated carefully dropwise with 10 ml 
of saturated aqueous ammonium chloride followed hy 20 ml of water. The 
organic layer was separated, washed with water, dried with anhydrous 
magnesium sulfate, and evaporated. 


The residual oil was then triturated with petroleum ether and filtered, 
and the solid was crystallized from an ethanol-hexane mixture to provide 
4.3 g (73.4%) of white crystals, mp 131-134.5O; UV: A,, 236 (A, = 
13,100), 281 (3000), and 290 (4400) nm; IR (KBr): 3540,3450,3065,1595, 
1570, 1445,1115, and 755 cm-'. 


Anal.-Calc. for C19H13C102: C, 73.91; H, 4.24; CI, 11.48. Found C, 
74.45; H, 4.27; Cl, 11.54. 


I-Chloro-9- (imidazo-I-yl)-9-phenylxanthene ( V )  and I-Chloro-9- 
(imidazo-2-yl)-9-phenylxanthene ( VI)-A mixture of 0.9 g (0.003 mole) 
of IV and 3.0 g (0.44 mole) of imidazole was heated under a nitrogen at- 
mosphere a t  180' for 5 hr. After cooling, the reaction mixture was digested 
with 30 ml of water, and the insoluble solid was separated by filtration. 
The solid was dissolved in chloroform, chromatographed on 75 g of a 2-cm 
silica gel (40-140 mesh) column3, eluted with ether-chloroform (l: l) ,  and 
collected in 100-ml fractions. Compound V eluted first followed by VI. 
Following evaporation of the appropriate fractions, both V and VI were 
crystallized from ethanol-water. 


For V, the yield was 0.5 g (4690), mp 235-237'; Rf 0.7 [silica gel GF, 
ether-chloroform (1:l v/v)]; U V  A,,, 285 (A, = 3280) nm; IR (KBr): 
3065, 1590, 1570, 1440, 1368 (CN), 1110, 1100, and 755 cm-'; NMR 
(CDCls-dimethyl sulfoxide-d6): 6 6.8-7.4 (m, 13H, aromatic) and 7.5 and 
7.6 (overlapping triplet, 1H each, imidazole ring H). 


Anal.-Calc. for C ~ Z H ~ ~ C I N ~ O :  C, 73.64; H, 4.21; C1, 9.88; N, 7.81. 
Found: C, 73.89; H, 4.31; C1, 10.00; N, 7.76. 


* Aldrich Chemical Co. 
Baker. 


For VI, the yield was 0.1 g (9%), mp 223-225O; Rf 0.3 (same system as 
for V); UV: A,,, 285 (A, = 3140) nm; IR (KBr): 3070,2860 (imidazole 
NH), 1590,1570,1440,1100,1090, and 755 cm-1: NMR (CDCldimethyl 
sulfoxide-d& 6 6.48 (distorted doublet, lH,  imidazole CH), 6.8-7.4 (m, 
13H, aromatic H), and 7.55 (distorted doublet, lH, imidazole CH); NMR 
(dimethyl sulfoxide-d6-DzO): 6 6.33 (d, imidazole CH), 6.8-7.4 (m, aro- 
matic H), and 7.54 (d, imidazole CH). 


Anal.-Calc. for C ~ ~ H ~ ~ C I N Z O :  C, 73.64; H, 4.21; C1, 9.88; N, 7.81. 
Found: C, 73.61; H, 4.40; Q9.91; N, 7.66. 


Mycology-The antifungal activity of V and VI, using clotrimazole 
as a reference, was determined by using a Steer's replicator (9) to inoc- 
ulate plates of Sabouraud's dextrose agar containing twofold serial 
dilutions of the compounds. The replicator wells contained fungal sus- 
pensions a t  concentrations greater than 6 X 105 colony-forming units/ml. 
The minimum inhibitory concentration was determined a i  the lowest 
concentration that prevented substantial growth of the test organisms. 
The  data summarized in Table I show that neither V nor V1 was active 
against fungi a t  the concentrations tested. 
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Abstract A high-performance liquid chromatographic method for the 
determination of (2)- and (E)-doxepin hydrochloride isomers was de- 
veloped. The analysis employs a column packed with spherical silica 
microparticles (5-6 pm), and a mobile phase of acetonitrile-chloro- 
form-diethylamine (750:2500.2) permits baseline resolution and si- 
multaneous determination of the (2)- and (E)-doxepin isomers. Pro- 
cess-related substances do not interfere. The method is accurate and 
precise (the relative standard deviation was 0.3% for both isomers). The 


~ ~ 


simple procedure is highly suitable for routine doxepin hydrochloride 
analysis. 


Keyphrases Doxepin hydrochloride-isomers, high-performance 
liquid chromatographic analysis Antidepressants-doxepin hydro- 
chloride, isomers, high-performance liquid chromatographic analysis 
High-performance liquid chromatography-analysis, doxepin hydro- 
chloride isomers 


Doxepin hydrochloride, 3-dibenz[b,e]oxepin-l1(6H)- 
ylidene-N,N-dimethyl-1 -propanamine hydrochloride, is 
a dual-action antianxiety and antidepression psycho- 
therapeutic agent (1). Chemically, it is a mixture of (2)- 


and (E)-isomers (Ia and Ib,  respectively) in an -15:85% 
ratio. Recently, a GLC procedure (2), which requires an 
extraction step to convert the hydrochloride to free base, 
was recommended for doxepin hydrochloride analysis. 
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finding is in agreement with a study conducted in humans (8) where 
quinidine gluconate gave higher blood levels than dihydroquinidine 
gluconate after single and maintenance doses. These studies suggest that 
the cardiovascular activities of quinidine and dihydroquinidine are 
similar hut that differences may exist when these two components are 
incorporated into dosage forms. For these reasons, monitoring of the 
dihydroquinidine content in quinidine raw materials and dosage forms 
may have practical importance. 
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Abstract  A novel, closed-loop drug delivery system was developed 
where the presence or absence of an external compound controls drug 
delivery from a bioerodible polymer. In the described delivery system, 
hydrocortisone was incorporated into a n-hexyl half-ester of a methyl 
vinyl ether-maleic anhydride copolymer, and the polymerdrug mixture 
was fabricated into disks. These disks were then coated with a hydrogel 
containing immobilized urease. In a medium of constant pH and in the 
absence of external urea, the hydrocortisone release was that normally 
expected for that polymer a t  the given pH. With external urea, ammo- 
nium bicarbonate and ammonium hydroxide were generated within the 
hydrogel, which accelerated polymer erosion and drug release. The drug 
delivery rate increase was proportional to the amount of external urea 
and was reversible; that  is, when external urea was removed, the drug 
release rate gradually returned to its original value. 


Keyphrases Dosage forms-controlled-release delivery devices, n -  
hexyl half-ester of a methyl vinyl ether-maleic anhydride copolymer, 
urease, pH-controlled hydrocortisone release Hydrocortisone-con- 
trolled-release delivery, pH controlled, n-hexyl half-ester of a methyl 
vinyl ether-maleic anhydride copolymer, urease 0 Copolymers-con- 
trolled-release delivery devices, n-hexyl half-ester of a methyl vinyl 
ether-maleic anhy’dride, urease, pH-controlled hydrocortisone release 


Urease-controlled-release delivery devices, pH-controlled hydro- 
cortisone release Corticosteroids-hydrocortisone, controlled-release 
delivery device 


Drug formulations that deliver an active agent to a 
specific body site in precisely regulated amounts are su- 
perior to those that indiscriminately flood the whole body 
with a therapeutic agent. Consequently, sustained drug 
release is receiving great attention (1). 


However, even precisely controlled sustained delivery 
is not always the optimum therapeutic regimen. In many 
applications, a better delivery system is one that delivers 
the active agent only when needed. The essential ingre- 
dients of such a system are a sensing mechanism that can 
detect minute amounts of a specific compound in a com- 
plex mixture such as blood and some means of transferring 
this information to a delivery device that can then modify 
therapeutic agent delivery. While electromechanical de- 
vices that use microelectronics and enzyme probes to 


OCH I 
1 


OCH , 
I 
I ROH 1 


fCH,--CH-CH*H+ - t(‘H,--CH--CH-CH-f;; 


COOH COOR 
I 1 I 1  


0 0 
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control miniaturized pumps are possible, this study centers 
on purely chemical methods. 


BACKGROUND 


A previous paper (2) described the dissolution and concomitant drug 
release from partially esterified copolymers of methyl vinyl ether and 
maleic anhydride prepared as shown in Scheme I. Two notable features 
of these polymer systems were: ( a )  their ability to undergo surface erosion 
and, hence, to release an incorporated drug by zero-order kinetics, and 
( b )  an extraordinary sensitivity of the erosion rate to the surrounding 
aqueous environment pH. These systems also exhibited a characteristic 
pH above which they were completely soluble and below which they were 
completely insoluble. This pH was very sharp and depended on the size 
of the alkyl group in the copolymer ester. Consequently, polymer erosion 
behavior can be tailored to fit any desired pH environment; even very 
small pH variations will have a major effect on the erosion rate and, thus, 
on drug release. 


Any sensing mechanism that can convert the presence of a specific 
compound in the external environment to a pH change can be used to 
control polymer dissolution and therapeutic agent delivery. Enzymes 
almost ideally fit this requirement because their mode of action is highly 
specific; in many cases, enzyme-substrate reaction products are acidic 
or alkaline compounds. 


For this study, an enzyme was needed that, after reaction with a suh- 
strate, liberated an alkaline product so that the net effect of the en- 
zyme-substrate reaction would be a pH increase at the polymer-water 
interface. The enzyme urease, which interacts with urea as shown (31, was 
selected (Scheme 11). 


(NH&CO t 3H20 HCO, + 2NH: + OH- 
Scheme I1 


The purpose of this study was to develop a system in which urea in an 
external environment would affect the release of hydrocortisone incor- 
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Figure 1-Model for polymer erosion mechanism. 


porated into a polymer matrix. Such a system serves as a model; it has 
no obvious therapeutic application. More useful systems are being de- 
veloped. 


EXPERIMENTAL 


n-Hexyl Half-Ester of a Methyl Vinyl Ether-Maleic Anhydride' 
Copolymer (50:50)-A three-necked 2000-ml, round-bottom flask 
equipped with a mechanical stirrer, a heating oil bath, a condenser, and 
a nitrogen inlet and exit was charged with 109.30 g of the copolymer (1.400 
equivalent) and 794.82 g of I-hexanol(7.779 moles). The alcohol, present 
in an 11:1 molar excess, was sufficient to produce a 20% (w/w) solution 
of the half-ester product. 


After the flask was purged with nitrogen, the reactants were vigorously 
stirred and heated over 0.5 hr to 145'..The reaction was followed by IR 
analysis of the carbonyl peaks assaiated with residual cyclic anhydride 
in the copolymer and with the formed ester linkage in the half-ester 
product. The reaction was judged complete after 2.5 hr a t  145'. The so- 
lution was cooled to room temperature with an ice bath and precipitated 
in 8 liters of methanol-water (1:l v/v). The precipitated polymer was 
dissolved in 2 liters of acetone and precipitated in 8 liters of methanol- 
water (1:2 v/v). This step was repeated twice. The product was dried in 
a forced-air oven for 3 days at  50'. A tough, clear-to-slightly-hay material 
(148.10 g) was collected in an 82% yield. 


Test Specimens-Film Casting-The polymer and micronized hy- 
drocortisone2 were added to 2-ethoxyethyl acetate-isopropylacetone (7:3 
w/w) to produce a 9% polymer solution containing 10 parts of dispersed 
hydrocortisone/100 parts of resin. A homogeneous solution was obtained 
by using a jar mill. Films were cast by pouring this solution into level 
polytef-lined molds. The molds were then partially covered and, to pre- 
vent bubble formation in the film, were dried slowly for 8 days. They were 
further dried in a forced-air oven at 3 5 O  for 1 day and then in vacuo for 
1 day. 


Disks, 9.5 mm in diameter, were cut from the film using a drill press 
and hole cutter. The disks were weighed after being placed in a vacuum 
oven for 48 hr a t  room temperature and then being equilibrated to a 
constant weight in air. The disks selected for release-rate testing weighed 
47.5-52.5 mg and were -0.75 mm thick. 


Enzyme Coating-Initial attempts to  incorporate the enzyme urease 
into the polymer matrix involved dissolving the enzyme and polymer in 
acetone, dispersing micronized hydrocortisone in the solution, casting 
films, and gently drying at  room temperature. However, considerable 
enzyme denaturation took place. 


Subsequent successful urease coupling with the polymer matrix was 
based on the work of Mascini and Cuibault (4). A small locking forceps 
was affixed to the edge of each polymer disk so that it could be manipu- 
lated without touching the surfaces during the immobilized enzyme- 
coating procedure. A 30% aqueous solution of bovine serum albumin was 
prepared, and 1 g of urease was added to 10 ml of this solution. After quick 
stirring until the urease had dissolved, the solution was chilled in an ice 


Gantrez AN-169, GAF Corp., New York, N.Y. 
The Upjohn Co., Kalamazoo, Mich. 


water  insoluble water soluble 
Scheme 111 


hath. Each disk was held horizontally by the attached forceps, and 1 drop 
of the albumin-urease solution was added to the upper disk face. The disk 
was quickly rotated, and a drop was added to the opposite face. Similarly, 
1 drop of 25% aqueous glutaraldehyde was added to each face. One minute 
after the glutaraldehyde addition, the coating had gelled sufficiently to 
allow the disks to be hung vertically. 


After standing in air for 15 min, the coated disks were immersed in cold, 
deionized water for 15 min, in 0.1 M glycine for 15 min, and in pH 5.75 
phosphate buffer for 2 hr. Finally, they were immersed in fresh pH 5.75 
phosphate buffer for 4 hr. 


Release Ra te  Measurements-The coated disks were heat sealed 
in polypropylene mesh bags having 0.5-mm openings. Care was taken to 
apply heat only to the edges of the bags and to avoid applying heat to the 
disks. The mesh bags were attached to 10-gauge stainless steel wires and 
moved vertically up and down at -140 cm/min in test tubes3, as described 
previously (2). Hydrocortisone release was followed spectrophotomet- 
rically a t  242 nm. 


RESULTS AND DISCUSSION 


A previous paper (2) described the erosion behavior of a hydrophobic 
polymer system where dissolution occurred by carboxyl group ionization. 
This solubilization behavior has been represented generally as shown in 
Scheme 111 (COOH is a solubilizing group and Y is a hydrophobic sub- 
stituent). The dissolution behavior also was rationalized in terms of the 
model shown in Fig. 1. In this model, the erosion rate is principally de- 
termined by the rate a t  which hydrogen ions are neutralized within the 
boundary layer, so the induced pH change in that layer will significantly 
affect polymer erosion and, hence, drug release. 


In the system described, a hydrophobic n-hexyl half-ester of a methyl 
vinyl ether-maleic anhydride copolymer containing hydrocortisone was 
surrounded by a hydrogel consisting of the enzyme urease immobilized 
in bovine serum albumin by crosslinking with glutaraldehyde. In the 
absence of external urea, the polymer dissolution and hydrocortisone 
release occur by the mechanism shown in Fig. 1, i.e., hydrogen-ion neu- 
tralization by external buffer and diffusion of hydrogen ions away from 
the eroding polymer. 


When urea is in the external environment, it diffuses into the hydrogel 
layer and is converted to ammonium bicarbonate and ammonium hy- 
droxide by the immobilized urease. These basic species neutralize hy- 


10 // 
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HOURS 
Figure 2-Hydrocortisone release rate a t  3 5 O  from a n-hexyl half-ester 
of a copolymer of methyl vinyl ether and maleic anhydride a t  pH 6.25 
in the absence and presence of external urea. The stirring rate was -140 
crnlmin3. 


Approximately 18.4 cycleshin at a total sample travel distance of 7.62 cm/ 
cycle. 
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Figure 3-Hydrocortisone release rate at 35O from a n-hexyl half-ester of a copolymer of methyl vinyl ether and maleic anhydride at pH 6.25 as 
a function of sequential additron and removal of lo-' M urea. The stirring rate was -140 cmlmin3. 


drogen ions generated by the eroding polymer, thus accelerating the 
process. Consequently, urea in the external environment should lead to 
accelerated drug release, and this acceleration should be directly pro- 
portional to the external urea concentration. Data in Fig. 2 corroborate 
these expectations. 


While care was taken to maintain a constant pH in the external envi- 
ronment, this goal was accomplished only with M urea. In the 
presence of 10-1 M urea, basic species generation was so rapid that the 
external medium buffering capacity was exceeded and a pH increase of 
4.25 occurred. Furthermore, the polymer dissolution rate was such that 
when the solubilized polymer chains diffused through the hydrogel, 
presumably through open pores, they precipitated again when exposed 
to the lower external pH. Because of the considerable difference in 
polymer dissolution rates between the hydrogel and the bulk solution, 
the devices gradually acquired a significant thickness of precipitated 
gelatinous polymer. Nevertheless, even though a rigorous comparison 
between no urea and urea is possible only in the M case, the device 
definitely delivers hydrocortisone significantly faster in the presence of 
10-I M urea than in the presence of 


Data in Fig. 2 illustrate a situation where a device had a fixed and 
constant drug delivery rate that increased in response to the presence 
and concentration of external urea. The next question was whether this 
situation was reversible; that is, whether the drug delivery rate would 
return to its original value when urea was removed from the external 
environment. 


Results illustrating this situation are shown in Fig. 3. As in the previous 
experiments, polymer erosion in the presence of lo-' M urea was so rapid 


M urea. 


that the polymer precipitated around the device. Nevertheless, when the 
device was removed from a buffer solution without urea and placed in 
a buffer solution with lo-' M urea, a significant increase in delivery 
immediately took place. When the device was next removed from that 
solution and again placed in a solution without urea, a delivery rate de- 
crease took place. 


The decrease in delivery was not abrupt but showed a first-order de- 
pendence. This first-order dependence was a consequence of the relatively 
water-insoluble hydrocortisone being trapped in the hydrogel layer and 
in the precipitated polymer around the device from which it was slowly 
released by a diffusional mechanism when the device was in the low rate 
erosion regimen. In the high rate delivery regimen, a zero-order delivery 
was noted because the slow diffusional release was masked by the rapid 
erosional release. 
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OPEN FORUM 


Isoproterenol-Induced Cardiac 
Arrhythmias 


The October 1978 issue of the Journal of Pharmaceutical Sciences 
(p. 1390) contained a publication from the Department of 
Pharmaceutical Sciences, College of Pharmacy and Allied Health 
Professions, St. John’s University, Jamaica, N.Y., entitled 
“Hemodynamic Alterations in Isoproterenol-Induced Cardiac 
Arrhythmias in Corticoid-Treated Rats,” under the authorship of 
Michael A. Barletta, David Lehr, and Giancarlo Guideri. 


This article was published by Dr. Barletta without approval or 
knowledge of the coauthors and did not contain any reference to the 
Department of Pharmacology, New York Medical College, Valhalla, 
N.Y., where the described studies had been performed and where both 
coauthors hold full-time positions. Neither coauthor has any 
association with St. John’s University. 


The data described in Dr. Barletta’s publication were derived from 
his thesis research carried out from 1971 to 1974, in partial fulfillment 
of the requirements for a Ph.D. degree in Pharmacology at  New York 
Medical College, under the sponsorship and guidance of Dr. Lehr and 
with the supervisory collaboration of Dr. Guideri. 


Since Dr. Barletta’s thesis had been completed early in 1974, the 
publication cited above does not encompass the current concepts of 
the coauthors, which are based on comprehensive additional studies 
carried out in the 5 intervening years. This is true, in particular, for 
work on the mechanism of sensitization of the corticoid-pretreated rat 
to ventricular arrhythmias and ventricular fibrillation by P-adrenergic 
agonists, as well as the role of a- and P-adrenergic stimulation in the 
elicitation of arrhythmias in the corticoid-pretreated rat and in the 
production of experimental myocardial necrosis. These aspects have 
been investigated by the coauthors in association with Ph.D. 
candidates Mark Green, Cynthia Healy, and Alison 


An article representative of the present status of these 
investigations and focusing on data obtained by Mark Green in direct 
continuation of studies in the area of Dr. Barletta’s thesis research has 
been submitted for publication. 


Dauid Lehr 
Giancarlo Guideri 
Department of Pharmacology 
New York Medical College 
Valhalla, NY 10595 
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extraction from the plasma samples was 84 f 9%. The minimum 
quantifiable amount of I was -25 pghnjection. 


Human Data-To demonstrate the application of the assay modifi- 
cation, urine and plasma I concentrations were measured in a human 
subject receiving IVl0 during a drug interaction study. 


The peak plasma I concentration was achieved at  -1.5 hr after an oral 
dose of IV. Despite the somewhat scattered plasma data, the elimination 
half-life could be estimated using truncated plasma data, as reported 
previously (2,3). When the truncated 8-hr plasma data were evaluated, 
an apparent half-life of 3.9 hr was noted; other investigators noted a 
half-life of 2.8 hr (3) and 4.0 hr (2) using similar data. However, when a 
24-hr plasma sample was taken into account (Fig. 2). the elimination 
half-life was 5.4 hr. It becomes apparent that the use of 8-hr plasma data 
results in an underestimation of the terminal elimination half-life. Since 
no blood samples were taken between 8 and 24 hr after drug adminis- 
tration, an accurate estimation of the true elimination half-life was 
hampered using plasma data. 


It was possible, however, to assees accurately the I elimination half-life 
using the urinary excretion rate data. When the urinary excretion rate 
of I was determined, the peak excretion rate was at  1.5 hr, in agreement 
with the time required for peak plasma concentrations to occur in this 
subject (Fig. 3), and the elimination half-life was 6 hr. In the postab- 
sorptive phase of the plasma concentration and urinary excretion rate 
data, a biexponential decline was observed (Figs. 2 and 31, suggesting that 
I may follow multicompartment kinetics in humans. Following intrave- 
nous administration, Bateman et al. (3) reported biexponential kinetics 
for I, but these investigators may have missed the true terminal elimi- 


nation phase noted in this subject (Fig. 3). This finding was confirmed 
by the fact that measurement of the half-life for I using truncated urinary 
excretion data (0-8 hr only, Fig. 3) yielded a half-life of 3 hr, in agreement 
with the reported value (3). 


When the urinary excretion rate for I was determined in another ex- 
periment, the time for the maximal excretion rate was attained more 
rapidly. Slopes observed in the postabsorptive phase in both experiments 
(Fig. 3) were virtually identical, yielding a half-life of 6 hr. Thirteen 
percent of the dose was recovered as the intact drug after 96-hr cumula- 
tive urinary excretion. Acid hydrolysis of urine samples yielded a three- 
fold increase in intact drug recovered. 


Although urinary excretion rate data strongly suggest a longer half-life 
for I, the precise determination of the I elimination half-life in human 
plasma requires more blood samples. Additional studies are planned to 
confirm this observation. 
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Abstract In vitro kinetic studies of the reaction of hydralazine with 
acetaldehyde at  physiological concentrations and pH were conducted. 
This reaction, which leads to the formation of 3-methyl-S-triazol0[3.4- 
alphthalazine, may occur in the plasma and may represent an alternative 
pathway for hydralazine metabolism. The reaction of hydralazine with 
acetaldehyde followed second-order kinetics with an activation energy 
of 16.9 kcal/mole. At 37O, the half-life of the reaction for a solution con- 
taining 2.3 pg of acetaldehyde/ml and 1 pg of hydralazine/ml was 4.5 hr. 
The rate increased with increasing acetaldehyde concentrations. 


Keyphrases Hydralazine-reaction with acetaldehyde, kinetics, 
half-life, therapeutic implications Antihypertensive agents-hydral- 
azine, reaction with acetaldehyde, kinetics, half-life, therapeutic impli- 
cations 0 Kinetics-hydralazine reaction with acetaldehyde 0 Acetal- 
dehyde-reaction with hydralazine, kinetics, half-life, therapeutic im- 
plications 


Since the early 1950'9, hydralazine has been used to treat 
hypertension by direct peripheral vasodilation. More re- 
cently, the drug has been used in the treatment of severe 
congestive heart failure (1,2). Its use, however, has been 
limited due to inadequate pharmacokinetic data on the 
drug and its metabolites. 


BACKGROUND 


The complete metabolism of hydralazine remains undefined. Studies 
(3,4) showed that hydralazine undergoes polymorphic N-acetylation to 
form 3-methyl-S-triazolo[3,4-a]phthalazine as the major metabolic 
pathway, with phenotypically slow acetylators having higher steady-state 
plasma concentrations than fast acetylators. However, it was pointed out 


that the thermal half-life of hydralazine among slow acetylators is only 
slightly longer than or is not significantly different from that of fast 
acetylators (5). Thus, it seems doubtful that the enzymatic N-acetylation 
can represent the major metabolic pathway of hydralazine. in humans. 


Hydralazine metabolism is also more complicated because hydralazine 
is chemically reactive. It undergoes condensation with biogenic aldehydes 
and ketones to form hydrazones. Studies (6) in this laboratory showed 
that the reaction of hydralazine with formaldehyde and acetaldehyde 
forms S-triazolo[3,4-a]phthalazine and 3-methyl-S-triazolo[3,4-a]- 
phthalazine, respectively. Both products are known hydralazine me- 
tabolites (3,4). 


The formation of 3-methyl-S-triazolo[3,4-a]phthalazine from acet- 
aldehyde and hydralazine was mentioned previously (7). These findings 
suggest that the formation of the hydralazine metabolites in humans may 
be at  least partially due to the reaction of hydralazine with acetaldehyde. 
The acetaldehyde concentration in biological fluids is subject to signifi- 
cant increase by alcohol consumption and certain disease states (8). Thus, 
metabolite formation via this chemical reaction is significant with respect 
to proper drug use, especially in alcoholism, diabetes, and fasting states 
and on prolonged hydralazine administration. 


To examine the effect of this chemical reaction on hydralazine me- 
tabolism and pharmacokinetics, the in vitro kinetics of 3-methyl-S- 
triazolo[3,4-a]phthalazine formation from hydralazine and acetaldehyde 
were studied. The importance of this reaction is discussed. 


EXPERIMENTAL 


Materials-Hydralazine (I), hydrochloride salt', and acetaldehyde2 
(11) were used as obtained. 3-Methyl-S-triazolo[3,4-a]phthalazine (111) 


Courtesy of Dr. M. Wilhem, Ciba-Geigy, Summit, N.J. * Aldrich Chemical Co., Milwaukee, Wis. 
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Table I-Kinetic Results for the Reaction of Hydralazine (I) 
with Acetaldehyde (11) at Physiological pH and Concentrations 


Tempera- 
ture k. liters/mole/min t l /% hro 


W ' I  v c- 
2 
W 


0 
3 
U 


60 660 360 4' 
WAVELENGTH, nm 


Figure 1-Fluorescence spectrum of J-methyl-S-triazolo[3,4-a]- 
phthalazine (IIZ) in pH 7.4 phosphate buffer. The solid lines represent 
standard solutions of 111: a, 1.36 X M; c, 4.07 X 


M. The broken lines represent formation 
of III from solutions containing 2.036 X M hydralaxine ( I )  and 
5.227 X M acetaldehyde ( I I )  at 25O at the end of 45 ( I ) ,  75 (2) ,  120 
(3). and 180 (4) min. 


was prepared and purified according to a literature procedure (9). All 
other chemicals were analytical or chromatographic grade. 


Methods-The kinetics of the reaction of I with I1 were studied by 
measuring the formation of 111 using a fluorometric technique. The ex- 
periments were carried out in pH 7.4 phosphate buffer with physiological 
concentrations of I (1-4 pgfml) and I1 (2.3 pg/ml) a t  25,30,35,37, and 
40'. Stock solutions of I and I1 were prepared daily using chromato- 
graphic grade methanol. Sufficient stock solution of I was diluted to 100 
ml with the buffer, and the solution was equilibrated at  a desired tem- 
perature using a temperature-controlled water bath. After the addition 
of the desired amount of 11, samples were taken at selected time intervals 
and analyzed immediately for 111. 


The fluorescence measurements were made with a spectrophotofluo- 
rometes equipped with a 150-w xenon lamp and a 1P21 photomultiplier 
tube. The cell compartment of the spectrophotofluorometer also was 
equilibrated at the desired temperature by a circulatory temperature- 


M; 6 , 2 7 2  X 
M; and d,  5.43 X 


HN-NH-C-CH, 
II 
0 


tl 


HN-N=C-CH, 


I 
H 


25' 18.8 12.01 
30° 26.3 8.59 
35O 39.2 5.77 
379 50.0 4.50 
40' 62.6 3.61 


Calculated for solutions containing 5.09 X M I and 52.27 X M I1 as 
initial concentrations. 


controlled water bath. In pH 7.4 buffer, I and I1 are nonfluorescent, but 
111 exhibits strong fluorescence at  430 nm when excited at 240 nm. The 
formation of 111 in solutions containing I and I1 was monitored by fluo- 
rescence measurement, and the concentration of 111 was determined using 
a fluorescence calibration curve of known I11 concentrations in the 5 X 
10-7-1 X M range. 


The formation of I11 from I and I1 followed second-order kinetics. The 
overall rate constants of the reaction were determined using: 


where k is the overall rate constant; CI and CII are the initial concentra- 
tions of I and 11, respectively; and X is the concentration of 111 at  time 
t .  The relationship between the rate constant and temperature was ex- 
amined using the Arrhenius equation, from which the activation energy 
of the reaction also was calculated. 


RESULTS AND DISCUSSION 


The fluorescence spectra of 3-methyl-S-triazolo[3,4-a]phthalazine (111) 
in pH 7.4 phosphate buffer are shown in Fig. 1. Spectra a, b, c, and d were 
obtained from solutions prepared with standard Compound 111, whereas 
spectra 1,2,3, and 4 represent the formation of I11 in solutions containing 
hydralazine (I) and acetaldehyde (11). The formation of 111 in these so- 
lutions was confirmed also by a high-pressure liquid chromatographic 
study at conditions reported previously (6). 


Figure 2 shows the plots of the percentage of I remaining as a function 
of time for solutions containing 5.227 X M (2.3 pg/ml) of I1 and 
varying concentrations of I measured at  25'. The reaction half-life was 
dependent on the concentration of I, indicating that the reaction followed 
second- or higher order kinetics. When these data were treated with Eq. 
1, it was found that the reaction was second order. The plot of Eq. 1 for 
the data of Fig. 2 is shown in Fig. 3. A straight line was obtained for so- 
lutions containing different concentrations of I. Similar results also were 
obtained for the reaction carried out a t  other temperatures. 


A possible mechanism of the condensation of I with I1 and comparison 
of this reaction with the acetylation process in the formation of 111 are 
shown in Scheme I. Hydralazine condensation with I1 forms an inter- 
mediate hydrazone, which is subsequently cyclized and oxidized to form 


111 


I 
H 


Scheme I-Mechanisms of the formation of III  by acetylation and hy- 
drazone pathways 


Aminco-Bowman, American Instruments Co., Silver Spring, Md. 


9 0  


t ,  min 


Figure 2-Plot of the ratio of free and initial concentrations of hy- 
dralazine ( I )  as a function of time for solutions containing52.27 X JO-6 
M acetaldehyde (II) and 5.09 X M I  (A) ,  
15.27 X lO+M I (O) ,  and 20.36 X M I ( * ) .  The reaction temper- 
ature was 25O. 
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Figure 3-Plot of Eq. I /or the data shouln in Fig. 2. 


111 uia the driving force of the formation of a completely aromatic system. 
Such oxidation reactions also were reported in analogous heterocyclic 
systems (7,lO). The acetylation process is enzyme dependent and occurs 
primarily in the intestine and liver (ll),  whereas the condensation re- 
action may occur primarily in the plasma. From the mechanism shown 
in Scheme I, the kinetics of the reaction of I with I1 may be approximated 
by the steady-state approach (Schemes I1 and 111). 


I + I1 aintermediate 
k i  
Scheme I1 


kz 
intermediate + I11 


Scheme III 


This approach will also give second-order kinetics with k l k z / ( k l  + k z )  
equal to the overall rate constant of Eq. 1. 


The overall rate constants determined at  various temperatures are 


shown in Table 1. When the log values of the rate constants were plotted 
urrsus 1/T, where Tis  the absolute temperature, a straight line was ob- 
tained, indicating that the reaction obeys the Arrhenius principle. From 
the slope of the plot, the activation energy of the reaction is found to be 
16.9 kcal/mole. 


The half-lives listed in Table I were calculated for solutions containing 
5.09 X M (2.3 pg/ml) 11, typical 
physiological concentrations (12). A t  37O, the reaction has a half-life of 
4.5 hr. The physiological half-life of I in humans was reported to be in the 
4-8-hr range (13). Although the half-life measured for the chemical re- 
action of I is not to be mistaken for the biological half-life, it does indicate 
that the reaction of I with I1 may significantly affect drug metabolism 
and pharmacokinetics. This result is especially true in conditions such 
as chronic or acute alcohol ingestion, fasting states, and diabetes, which 
result in elevated levels of 11. Since the reaction is second order, an in- 
crease of the blood level of I1 will result in an increase of the formation 
rate of 111. On the other hand, with low levels of I, as in the case of non- 
compliant patients who take less than the prescribed dose and patients 
with poor absorption, the reaction also becomes more significant. The 
effect of I1 levels on the elimination of I and on the formation of I11 is 
being studied in this laboratory. 


M (1 pg/ml) I and 5.227 X 
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Abstract Both ester and p-lactam degradations of westers of car- 
benicillin disodium, carbenicillin indanyl sodium, and carbenicillin 
phenyl sodium in aqueous solution at  35' and at  0.5 ionic strength were 
investigated. The reactions were followed by spectrophotometric assay, 
reversed-phase high-pressure liquid chromatography, and colorimetric 
assay. The degradation pathways were established, and the rate-pH 
profiles for ester and P-lactam cleavage reactions are given for pH 1-11. 
Below pH 3, the &lactam degradation of the prodrugs proceeded ex- 
clusively. Above pH 7, the degradation was superseded by the ester hy- 
drolysis to carbenicillin. P-Lactams of both prodrugs are around three 
times more stable than carbenicillin disodium at  pH 1, six times at  pH 
2, and 17 times at pH 3. The half-lives for carbenicillin production were 
predicted to be 17 hr for carbenicillin indanyl sodium and 8.5 hr for car- 
benicillin phenyl sodium at  pH 7.0 and 37'. 


Keyphrases Carbenicillin-prodrugs, stability in aqueous solutions, 
pH effects, degradation kinetics 0 Carbenicillin indanyl sodium-pro- 
drug, stability in aqueous solutions, pH, degradation kinetics Car- 
benicillin phenyl sodium-prodrug, stability in aqueous solutions, pH, 
degradation kinetics 0 Antibiotics-carbenicillin, prodrugs, stability 
in aqueous solut,ions, pH effects, degradation kinetics 


Intravenous or intramuscular carbenicillin is effective 
against serious infections caused by Pseudomonas aeru- 
ginosa and other Gram-negative bacteria (1). This anti- 
biotic is unstable in acidic solutions (2,3) and gastric juice 
(4,5) and is poorly absorbed from the GI tract after oral 
administration (1). 


Several a-carboxyl esters of carbenicillin were synthe- 
sized to increase its oral bioavailability (5,6). Carbenicillin 
indanyl sodium (carindacillin) and carbenicillin phenyl 
sodium (carfecillin) have been marketed as oral carbeni- 
cillin prodrugs. 


This paper describes the kinetics of carbenicillin indanyl 
sodium and carbenicillin phenyl sodium in aqueous solu- 
tion a t  various pH values. Their good stability at  pH 2 in 
gastric juice has been well known, but complete kinetics 
for P-lactam cleavage and hydrolysis of the ester moiety 
to produce carbenicillin have not been reported. 


EXPERIMENTAL 


Materials-Carbenicillin disodiuml (799 pg/mg), carbenicillin indanyl 
sodium' (704 pg/mg as carbenicillin free acid), and carbenicillin phenyl 
sodium2 (979 pglmg) were used as received. 


All other chemicals were analytical grade and were used without further 
purification except imidazole, which was purified as described in the 
literature (7). 


Reagents-The imidazole reagent was prepared according to the lit- 
erature (7). The acidic reagent was 0.2 M acetate buffer solution adjusted 
to pH 4. 


Prodrug Hydrolysis-Kinetic studies were carried out, unless oth- 
erwise stated, at 35' and an ionic strength of 0.5. Each antibiotic was 
dissolved in the buffer or in 0.5 M KCl, maintained at  the desired pH by 


1 Taito Pfizer Co., Tokyo, Japan. 
2 Beecham Yakuhin Co., Tokyo, dapan. 


a pH-stat3, to the final concentration of 5 X 10-5-5 X M, depending 
on the solubility. At appropriate intervals, aliquots were withdrawn, 
cooled, and analyzed. The pseudo-first-order rate constants, kobs, were 
calculated by the least-squares analysis of the slopes of starting antibiotic 
concentration logarithm uersus time plots. 


Analytical Procedure-Simultaneous Determination of Carbeni- 
cillin and Its Prodrug-Carbenicillin and its prodrug were determined 
simultaneously by a spectrophotometric assay. This analytical method, 
utilizing the difference in the acid stability between carbenicillin and the 
prodrug, is based on the imidazote method (7). 


If necessary, the sample was diluted with distilled water. Four equal 
samples of 1 ml each, A1, Az, B1, and Bz, of the test solution were pipetted 
into separate test tubes. Five milliliters of imidazole reagent was added 
to A1 and 5 ml of distilled water was added to B1, followed by incubation 
at  60' for 25 min. After cooling, absorbances, E A ~  and E B ~ ,  were mea- 
sured4 at  325 nm. To samples of Az and Bz, l ml of acidic reagent was 
added, and the samples were incubated in a water bath at  60' for exactly 
25 min and cooled. After addition of 5 ml of the imidazole reagent to A2 
and 5 ml of distilled water to Bz, these samples were incubated in a water 
bath at  60' for 25 min and cooled; their absorbances, E.42 and E B ~ ,  were 
measured at  the same wavelength. 


The concentrations of each compound can be calculated from Eqs. 1 
and 2 using the difference in absorbance between A and B; i.e., EI  (= E A ~  
- E B ~ )  and E2 (= E A ~  - Esz) :  


EI = Sp~cp + S c ~ c c  (Eq. 1) 


EZ =i Sp&p + Sc&c (Eq. 2) 


where subscripts c and p refer to carbenicillin and its prodrug, respec- 
tively; C is the concentration of the antibiotic in sample solution, and S 
is the slope of the calibration curve of the antibiotics for respective re- 
action periods of 0 and 25 min with the acidic reagent. 


A good straight-line relation between the absorbance and the con- 
centration of each antibiotic was obtained within 0-3 X M of the 
antibiotic in a sample solution. Both Scl and Spl were 3.95 X 103, and S,,, 
was 3.19 X lo3 and 1.83 X lo3 for two prodrugs and carbenicillin, re- 
spectively. The carbenicillin molar absorptivity, which could be calculated 
from Scl and the final concentration in the analytical solution, was 2.37 
X lo4, comparable to the 2.67 X lo4 reported previously (7). Synthetic 
mixtures of carbenicillin and its prodrug were analyzed in this way, and 
entirely satisfactory results were obtained (Table I). 


High-pressure Liquid Chromatography (HPLC)-To ensure the ac- 
curacy of the spectrophotometric method, the same samples in some 
reactions were determined also by reversed-phase HPLC. The liquid 


Table I-Recovery of Carbenicillin Phenyl Sodium (I) and 
Carbenicillin Disodium (11) from a Synthetic Mixture in 0.1 M 
Phosphate Buffer at pH 6.54 and Ionic Strength 0.5 


Added (lo3 M) Found (lo3 M) Recovery, % 
r I1 I I1 I I1 


1.00 0.00 1.01 0.00 101.1 100.0 
0.80 0.20 0.78 0.21 97.5 105.0 
0.40 0.60 0.38 0.59 95.0 98.3 
0.20 0.80 0.20 0.78 100.0 97.5 
0.00 1 .00 0.00 0.99 100.0 99.0 


The mixture was diluted fivefold with distilled water and analyzed according 
to the described procedure. 


pH-Stat titrator assembly consisting of TTTZ titrator and ABU12b autoburet. 
Radiometer, Copenhagen, Denmark. 


4 Double-beam spectrophotometer, UV-ZOOS, Shimadzu, Kyoto, Japan. 
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Scheme 1-Prodrug degradation pathway in aqueous solution 


chromatograph5 was equipped with a UV detector6 set a t  254 nm. The 
stationary phase was octadecylsilane chemically bonded on totally porous 
silica gel, prepacked into a 300-mm stainless steel column' (4-mm id.). 
The mobile phase was 20% acetonitrile-0.01 M ammonium acetate. The 
instrument was operated at  ambient temperature a t  a flow rate of 2 
ml/min to produce the pressure of 110 kg/cm2. Samples were injected 
through a 100-gl loop injector on flow. Peak heights were used for 
quantification. 


Colorimetric Determination of Phenol-Phenol liberated from car- 
benicillin phenyl sodium was measured by the colorimetric method (8). 
The sample was diluted with distilled water, if necessary, and placed in 
a 20-ml volumetric flask. Then 1 ml of 0.3% 4-aminoantipyrine, 2 ml of 
1% ferricyanide, and 5 ml of 0.2 M borate buffer (pH 9.2) were added 
consecutively, and the absorbance of the solution, adjusted to 20 ml with 
distilled water, was measured at  510 nm. The calibration curve was pre- 
pared with the standard phenol solution, and the concentration of phenol 
liberated was calculated. 


RESULTS 


Prodrug Degradation Pathway-Degradation of carbenicillin esters 
may proceed as depicted in Scheme I. In this scheme, I represents car- 
benicillin indanyl sodium and carbenicillin phenyl sodium, I1 represents 
carbenicillin, 111 represents 0-lactam-cleaved products of I, IV represents 
the sum of products resulting from 0-lactam cleavage of I1 and from ester 
hydrolysis of 111, and V represents indanol or phenol. 


Figures 1-3 show time courses of molar fractions of I-V during I deg- 
radation. Compounds I and I1 were determined by the UV spectrometric 
method developed in this study. As seen in Fig. 1, these concentrations 
were in good agreement with those determined by HPLC. Phenol (V) 
liberated from carbenicillin phenyl sodium (I) and 111 was determined 


60 120 180 240 
MINUTES 


Figure 1-Time course for carbenicitlin phenyt sodium (0, separation 
assay; +, HPLC) and carbenicillin (0,  separation assay; X, HPLC) 
during degradation at pH 6.35 (0.2 M phosphate buffer), 60°, and ionic 
strength 0.5. The lines are the least-squares fi ts  of the experimental 
points consistent with Scheme I on the assumption of kl = k4 (ki = k4 
= 42.8 X 
hr-1). 


hr-1, kp = 5.58 X 10-2 hr-l ,  and k3 = 6.38 X 


5 Model FLC-A700, Japan Spectroscopic Co.. Tokyo, Japan. 


7 pBondapak CIS. Waters Associates, Milford, Mass. 
Model UVIDEC-100, Japan Spectroscopic Co., Tokyo, Japan. 


by colorimetry. Concentrations of 111 and IV, therefore, were calculated 
from Eqs. 3 and 4 for carbenicillin phenyl sodium degradation: 


[I111 = [I10 - [I1 - [VI (Eq. 3) 


[IV] = [V] - [11] (Eq. 4) 


where the molar concentration of all species is expressed with brackets 
and [I10 is the initial I concentration. 


By solving the differential equation for Scheme I, the rate expression 
for the molar fraction of each species may be written as: 


[I]/[Il0 = e-(kl+kdt (Eq. 5) 


To evaluate k3, degradation of I1 was performed under similar condi- 
tions (Fig. 3). The rate constants kl,  kp, k3, and kq to best fit all experi- 
mental points were obtained by the nonlinear least-squares regression 
analysis according to Eqs. 5-9. The resulting rate constants are listed in 
Table 11, providing calculated curves fitting the observed values (Figs. 


In most cases, rate constants k l  and k4  for the ester hydrolysis of both 
I and 111 were almost identical, suggesting that P-lactam cleavage had 
no effect on the rate for a-ester hydrolysis. 


Kinetics of Apparent First-Order Rate Constants-By plotting 
the logarithm of \I]/[I]o against time, the apparent first-order rate con- 


1-3). 
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Figure 2-Time course for carbenicillin phenyl sodium ( I )  (O) ,  II (A), 
III  ( v ) , l V ( + ) , a n d  V(0)duringdegradationat pH6.60  (0.1 Mphos- 
phate buffer), 60°, and ionic strength 0.5. The lines are the least-squares 
best fits to the experimental points consistent with Scheme I on the 
assumption of kl = k4 (kl = k4 = 53.9 X hr-1, k p  = 2.05 X lo-* 
hr- l ,  and ks = 3.88 X hr-1). The compound numbers are defined 
in the text. 
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Table 11-Rate Constants for Carbenicillin Phenyl Sodium Degradation at pH 6.60 ( S O 0 ,  0.1 M Phosphate Buffer), pH 6.35 ( S O 0 ,  0.2 M 
Phosphate Buffer), and pH 4.60 (35", 0.2 M Acetate Buffer) and Ionic Strength 0.5 


k l  f SD, k2 f SD, k g  f SD, k4 f SD, 
PH lo2 hr-' lo2 hr-l lo2 hr-' 102 hr-1 


6.60 53.9 f 1.27 2.05 f 1.16 3.88 f 0.31 53.9 f 1.27 


4.60 0.84 f 0.05 0.50 f 0.05 5.12 f 0.20 0.66 f 0.17 
6.35 42.8 i 0.78 5.58 f 0.89 6.38 f 0.96 42.8 f 0.786 


The values were evaluated by the nonlinear least-squares analysis of experimental points in Figs. 1-3. The calculation was carried out on the assumption of kl 
= kq. 


Table 111-Various Rate Constants a for  the Degradation of Prodrugs at 35" and Ionic Strength 0.5 


102(kdo, 1O2(ki)H, 103(k 110, 1 0 - 5 ( k d ~ ~ ,  
Antibiotic ( k 2 ) ~ ,  M-' hr-l hr-l M-' hr-1 hr-l M-l hr-l 


- - Carbenicillin disodium 52.Zb 183 - 
Carbenicillin phenyl sodium 17.9 f 1.1 9.79 f 1.12 4.98 f 1.40 3.72 f 0.48 3.09 f 0.35 


1.46 f 0.08 Carhenicillin indanyl sodium 24.4 f 0.3 8.22 f 0.22 - 3.53 f 0.49 
Rate constanta are defined in Eqs. 15 and 16, and they were calculated using the nonlinear regression analysis of the experimental points in Fig. 7. b Reference 15. 


stants kobs for overall degradation of I was obtained from the slopes, 
i.e.: 


kobs=ki+kz (Eq. 10) 


The typical first-order plots obtained from the UV spectrophotometric 
separation assay are given in Fig. 4 for both prodrugs. 


On the assumption that k1 = k4. as verified for carbenicillin phenyl 
sodium, Eq. 9 may be simplified to: 


[v]/[I]o = 1 - e-klf  (Eq. 11) 


Good first-order plots were obtained for carbenicillin phenyl sodium, 
consistent with the prediction of Eq. 11 when log (1 - [V]/[I]o) was plotted 
against time (Fig. 4). 


During the kinetic runs above pH 7, the degradation of both prodrugs 
resulted in a gradual increase of the characteristic UV absorbance at  
270-290 nm. Plots of log ( E ,  - Et ) at Amax (268 nm for carbenicillin 
phenyl sodium and 280 nm for carhenicillin indanyl sodium) versus t 
become reasonably linear according to the first-order expression: 


log ( E m  - E , )  = log (E, - Eo) - koba t (Eq. 12) 2.303 
where Et ,  Eo, and E ,  are the absorbances a t  times t ,  zero, and infinity, 
respectively. All reactions were followed for one to three half-lives, and 
values for the pseudo-first-order rate constant koba were obtained by plots 
of Eq. 12 or by the method of Guggenheim (9). Figure 4 shows typical 
plots of the logarithm of ( E ,  - Et ) / ( E m  - Eo). The kobs values obtained 
by UV spectrophotometry were equal to (kl  + k2) determined by the 
separation assay. For carbenicillin phenyl sodium, the rate constants 
above pH 7 were almost in agreement with the k l  values determined by 
the colorimetric method. 


1 .Oa 


/ \o 


HOURS 


Figure 3-Time course for carbenicillin phenyl sodium ( I )  (01, I1 (A), 
I I I  (v), IV (+), and V (0 )  during degradation at pH 4.60 (0.2 M acetate 
buffer), 35O, and ionic strength 0.5. The lines are the least-squares best 
f i ts  to the experimental points consistent with Scheme I (kl = 0.84 X 
10-2hr-1, k p  = 0.50 X hr-*, and kq = 0.66 
X hr-1). Carbenicillin (A) on the broken line was determined by 
degradation of I I  under the same conditions. The compound numbers 
are defined in the text. 


hr-', k3 = 5.12 X 


Buffer Concentration Effect on Degradation Rates-At constant 
pH and in the presence of excess buffer, the rate constants k o b  for the 
total loss of I and kl for the ester hydrolysis were affected by general 
acid-base catalysis by buffer components. Typical plots for the catalytic 
effect of various buffers on kobs and k 1 are shown in Figs. 5 and 6, re- 
spectively, giving a reasonably straight line at constant pH in all cases. 
Extrapolation of such plots to zero buffer concentration provides, as in- 
tercepts, the values of the pseudo-first-order rate constants (kobs)pH and 
(kl)pH, corresponding to the non-buffer-catalyzed degradation of the 
P-lactam and of the ester bond of the prodrug nucleus. For ester linkage 
hydrolysis, the rate constant may be defined in the phosphate buffer 
system as: 


k l  = ( k i ) p H  + ~ H ~ P O ~ [ H ~ P O I ]  + ~HPO:-[HPO~-] (Eq. 13) 


Equation 13 can be written in terms of the total buffer concentration, 
[BIT: 


k i  = (ki)pH +- [kH*Poi + (kHPo:- - ~H~PO;)/HPO:-I[B]T 
(Eq. 14) 


where f ~ p 0 : -  is the fraction of monohydrogen phosphate ion. By 
employing pKa = 6.59 at  35' and ionic strength 0.5 for phosphate (lo), 
plots of the slopes at pH 6.93,6.38, and 5.87 against ~HPO:- provided the 
catalytic constant of kHpO:- = 0.240 M-' hr-l for the HPoq- buffer 
component. No significant catalytic effect could be assigned to the H2PO; 
buffer component. 


Log k ,~-pH Profiles-The k p H  values were obtained by extrapola- 
tion of kohs to zero buffer concentration. These values also were deter- 
mined by the pH-stat. 
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Figure 4-Apparent first-order plots followed by spectrophotometric 
assay for degradation of carbenicillin indanyl sodium (0,  separation 
assay; c), UV method) and carbenicillin phenyl sodium (0, separation 
assay; 8, colorimetric method; A, UV method) at  various pH values, 
Xi0, and ionic strength 0.5. The 0.5 M KC1 solution was maintained at 
eachpH (8.98,8.W, 7.50, 7.30,7.00,2.80,and 1.41) by meansofapH-stat; 
the 0.2 M borate buffer was at pH 8.32, and the 0.2 M phosphate buffer 
was at pH 6.35. 
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Figure 5-Pseudo-first-order rate constants, kl + kp, versus total buffer 
concentration for degradation of carbenicillin indanyl sodium (0 )  and 
carbenicillin phenyl sodium (0) in various buffer systems at 35' and 
ionic strength 0.5. The rate constants were determined from the spec- 
trophotometric assay. The phosphate buffer was at  pH 2.49 and 6.35; 
the acetate buffer was at  pH 4.60. 


In Fig. 7 is plotted log (k&)pH and log ( k d p ~  versus pH for carbeni- 
cillin phenyl sodium degradation at  35O and ionic strength 0.5. The pH 
dependency of the ester hydrolysis indicated a simple and U-shaped curve 
fitted by: 


(kl)pH = (kl)HaH+ + (k1)O + (kl)OHKw/aH+ (Eq. 15) 


where aH+ is the hydrogen-ion activity as determined by glass electrodes; 
K, is the autoprotolytic constant for water; ( k l ) ~  and ( k l ) ~ ~  are the 
second-order rate constants for the hydrogen-ion catalyzed- and hy- 
droxide-ion-catalyzed ester hydrolysis, respectively; and ( k l ) ~  is the 
first-order rate constant for spontaneous or water-catalyzed hydrol- 
ysis. 


At pH >6, (kobs)pH was almost identical with (k1Ip~,  indicating that 
ester hydrolysis to produce carbenicillin proceeds exclusively in this pH 
region. Below pH 3, (kobs)pH was 10-100 times larger than ( ~ I ) ~ H .  This 
finding suggests that p-lactam degradation rather than ester hydrolysis 
proceeds predominantly in carbenicillin phenyl sodium. It is obvious, 
therefore, t.hat the rate constant (kobs)pH below pH 3 is approximately 
equal to ( k & +  


For the acid degradation of the @-lactam of penicillin, ( ~ Z ) ~ H  obeys the 
general rate law (10): 


~~ I I I I 


I 
I 
I 


t 
o i i i i b i i i i b  1.1 i 2  


PH 
Figure 7-Log (kobs)pH-pH profiles for the degradation and log 
(kl)pH-pH profiles for the ester hydrolysis of carbenicillin indanyl so- 
dium (0) and carbenicillin phenyl sodium (A) a t  35' and ionic strength 
0.5. The lines represent the curves calculated from Eqs. 15-17and the 
constants in Table III; the points are experimental values. Open sym- 
bols are data determined by the separation assay, and closed ones are 
data determined by the colorimetric and/or UV method. The degra- 
dation of carbenicillin phenyl sodium (0 )  was determined at 60" in 0.2 
M phosphate buffer. The broken line represents the log (kz)pH-pH 
profile of carbenicillin (2). 


Log (kob)p~-pH profiles for carbenicillin indanyl sodium degradation 
are shown in Fig. 7, providing a similar shape to those for carbenicillin 
phenyl sodium. Therefore, Eqs. 15 and 16 apply to both compounds. 


By employing the pKa values (11) of 2.94 for carbenicillin indanyl so- 
dium and 2.91 for carbenicillin phenyl sodium and K ,  = 2.09 X (12), 
these specific rate constants that produced the best fits of the observed 
points above pH 7 and below pH 3 are listed in Table 111. The calculated 
curves for ( k o b ) p ~  were generated from Eq. 17, corresponding to the sum 
of Eqs. 15 and 16 by the use of appropriate parameters, and were in rea- 
sonable agreement with all experimental values: 


where K, is the dissociation constant of I, and ( ~ Z ) ~ H  and (k& represent 
hydrogen-ion-catalyzed and spontaneous or water-catalyzed degradation 
rates, respectively, of undissociated I. 


a- 0.04 


I 6 1 I 


0.06 0.10 0.16 0.20 
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Figure 6-Pseudo-first-order rate constants k l  for the liberation of 
phenol from carbenicillin phenyl sodium versus total phosphate con- 
centration at  35O and ionic strength 0.5. The rate constants were de- 
termined by colorimetry. 


+ ( k i ) o ~ K , / a ~ +  (Eq. 17) 


To compare the 0-lactam stability between the prodrugs and carbeni- 
cillin, the log ( ~ J ) ~ H - P H  profiles for carbenicillin degradation under the 
same conditions are redrawn in Fig. 7 from the literature (2). It can be 
seen that the &lactam of both carbenicillin indanyl sodium and car- 
benicillin phenyl sodium is more stable than that in carbenicillin by about 
three times at pH 1, six times at  pH 2, and 17 times at pH 3. The half-lives 
a t  35O and ionic strength of 0.5 were -20 min, 2.6 hr, and 13 hr a t  pH 1, 
2, and 3, respectively. 


Temperature Effect on Degradation Rate-Arrhenius plots of the 
observed first-order rate constants kobs for I degradation in buffer solu- 
tions of two different pH values are illustrated in Fig. 8. The enthalpies 
of activation, AH#, calculated from the slope of the line at  pH 3.87 (in 
0.2 M acetate buffer), were 17.7 and 18.1 kcal/mole for carbenicillin 
indanyl sodium and carbenicillin phenyl sodium, respectively; the en- 
thalpy of activation at  pH 6.98 (in 0.2 M phosphate buffer) was 16.6 
kcal/mole for carbenicillin phenyl sodium. Because of the small catalytic 
effect of acetate buffer, activation enthalpy at pH 3.87 may be regarded 
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Figure 8-Arrhenius plots for the apparent first-order rate constants 
kobs for carbenicillin indanyl sodium (X) and carbenicillin phenyl so- 
dium (0)  at pH 6.98 (0.2 M phosphate buffer) und p H  3.87 (0.2 Mace- 
tate buffer) and ionic strength 0.5. 


as that of spontaneous degradation of the &lactam of undissociated I, 
comparable with enthalpies in the 18-2l-kcal/mole range for other 
penicillin antibiotics (2). 


The apparent activation energy of 17.2 kcal/mole at pH 6.98 may in- 
clude the energies for hydroxide-ion-catalyzed and diphosphate-ion- 
catalyzed hydrolysis and also for heat of ionization of water. If this energy 
were to be employed to predict the hydrolysis rate of the I ester linkage 
at constant pH in nonbuffered solution, half-lives at 37’ for production 
of H from carbenicillin indanyl sodium and carbenicillin phenyl sodium 
would be 17 and 8.5 hr, respectively, at the small intestinal pH of 7.0 and 
7 and 3.5 hr, respectively, a t  the body fluid pH of 7.4. 


DISCUSSION 


The degradation of the two prodrugs of I1 proceeds through a total 
cleavage of the 0-lactam ring and of the ester bond. In acidic media below 
pH 3, the P-lactam degradation pathway contributes >92%, and ester 
hydrolysis contributes <8%. Susceptibility of the 0-lactam of penicillins 
to acid-catalyzed degradation is attributed not only to the strained ring 
(13) but also to the intramolecular attack of the side-chain amide on the 
@-lactam carbonyl (14). The intramolecular reaction results in the ac- 
celeration of the rates by electron-donating substituents, while elec- 
tron-withdrawing substituents reduce the P-lactam cleavage rate. En- 
hanced Stability of I compared to I1 may be due to the increased inductive 
effect of indanyl and phenyl esters compared to the carboxylate anion. 
The magnitude of the corresponding reaction rate constants ( k 2 ) H  and 
(k2)o for both prodrugs was similar to those of phenoxy and isoxazolyl 
derivatives of orally effective penicillins (2, 15). 


Previous studies (16) clarified that, in an environment below p H  5, GI 
absorption of penicillins, excluding amphoteric derivatives such as am- 
picillin, follows the common lipoidal membrane transport mechanism 
of the undissociated species permeating through the aqueous diffusion 
layer barrier. This mechanism predicts that the increased lipophilicity 
of the undissociated penicillin molecules enhances the GI absorption rate 
according the quantitative relationship described previously (17). The 
partition coefficient of the undissociated species, P,, of orally effective 
penicillins in an octanol-water system as the lipophilic index is above 90 
(11,18). The corresponding values of carbenicillin indanyl sodium and 
carbenicillin phenyl sodium are 5900 and 910, respectively (Il), 
suggesting that these prodrugs would be absorbed well from the GI 
membrane. In fact, this possibility was substantiated previously; intes- 
tinal absorption of carbenicillin indanyl sodium at  pH 4.0 is 4.7 and 2.2 
times faster than absorption of penicillin V and propicillin, respectively 
(19). 


Above pH 7, on the other hand, I degradation is superseded in impor- 
tance by ester hydrolysis to produce 11. The second-order rate constant 
of the o-lactam hydrolysis by nucleophilic hydroxide-ion attack is -lo3 
M-l hr-1 at 35O and p = 0.5, independent of the electronic nature of the 


side chain at  position 6 (2,10,20,21). The present kinetic data indicate 
that the ester hydrolysis of I by the nucleophilic hydroxide-ion attack 
is -100 times faster than the /3-lactam hydrolysis. However, such 
chemical degradation of I ester bonds is almost negligible, as predicted, 
under intestinal pH conditions between pH 5 and 7. 
A nonspecific esterase present on the GI lumen surface and/or in so- 


lution may facilitate ester hydrolysis producing 11, as verified previously 
in recirculating intestinal perfusion experiments in rats (19). Intestinal 
absorption of ionized penicillins follows the transport mechanism almost 
independently of the lipoidal nature of penicillin molecules above pH 
6 and is very slow (17). These results suggest that a slow prodrug release 
above pH 5-6 from oral tablets may result in the significant bioavail- 
ability reduction because of the decreased concentration of well-absorbed 
undissociated prodrug species and the rapid yield of poorly absorbed I1 
by the possible action of intestinal esterase rather than by the chemical 
hydrolysis before I absorption. 


In summary, the two prodrugs investigated have appropriate acid 
stability and lipoidal solubility to  serve as oral dosage forms. The two 
prodrugs are well designed, from the pharmaceutical viewpoint, to im- 
prove I1 absorption and acid lability, to exhibit sufficient ester bond 
chemical stability before absorption, and to yield I1 rapidly by the action 
of tissue and serum esterase after absorption (6). If the two prodrugs were 
to be controlled for sufficient dissolution below pH 4 by a suitable 
pharmaceutical technique, the dissolved prodrugs might be absorbed 
rapidly both in the stomach, to a small extent, and in the upper small 
intestine, which has relatively low pH values and a large surface area, to 
a larger extent. 
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Abstract  0 Sensitive and efficient methods for sulfonamide determi- 
nation as single entities and in combination with other drug substances 
in pharmaceutical dosage formulations were developed using high-per- 
formance liquid chromatography. These stability-indicating procedures 
involved a nitrile bonded phase column and nonaqueous mobile phases 
having diverse polarities. Sample potency was determined using peak 
height measurements. The methods may be used to determine trace 
sulfonamide quantities because detection limits are in the nanogram 
range. 


Keyphrases High-performance liquid chromatography-analysis, 
sulfonamides in various pharmaceutical formulations, stability indicating 


Sulfonamides, various-analysis, high-performance liquid chroma- 
tography, various pharmaceutical formulations, stability indicating 0 
Dosage forms, various-analysis, sulfonamides, high-performance liquid 
chromatography, stability indicating 


Methods for sulfonamide determination include po- 
tentiometric (1) or nonaqueous (2) titrations as well as 
direct spectrophotometric measurement (3). When sul- 
fonamides are formulated in combination with other drug 
substances, the analysis of all components often requires 
more than one procedure, none being stability indicating. 
An interest in determining the active constituents of 
multicomponent sulfa drugs utilizing a single analytical 
method led to the development of a high-performance 
liquid chromatographic (HPLC) procedure. 


BACKGROUND 


Several studies were published on sulfonamide separation and deter- 
mination using HPLC. Sulfonamides varying widely in pKa and hydro- 
phobicity were separated using ion-pair partition chromatography (4). 
Liquid chromatographic sulfonamide separation also was accomplished 
using an “ether” bonded phase packing (5). Sulfonamides, including 
sulfisoxazole, sulfamethoxazole, N’-acetylsulfisoxazole, and sulfisoxazole 
diolamine, were separated on a strong anion-exchange column using a 
0.01 M sodium borate mobile phase containing varying amounts of so- 
dium nitrate (6). 


Retention volume data for various sulfonamides on a pellicular-bonded 
reversed-phase packing, a pellicular packing coated with squalene, or a 
pellicular packing coated with octanol were reported (7). The partition 
coefficients, pKa values, and biological activity of each compound were 
correlated with retention volume. 


Trace level quantitation of sulfamethazine residue in bovine tissue was 
reported (8). With this method, 0.07 ppm of sulfamethazine in tissue 
could he detected. 


This paper describes a sensitive and efficient H P I L  procedure for 
sulfonamide determination in pharmaceutical formulations. The assays 
involve a nitrile bonded phase column and nonaqueous mobile phases 
of varying polarity. The assays are stability indicating because precursors 
and decomposition products can be determined simultaneously with the 
drugs. Furthermore, compounds present in combination drug formula- 
ticins are quantitated. 


EXPERIMENTAL 


Apparatus-A high-performance liquid chromatograph equipped 
with a UV detector’ was used to monitor the eluted compounds a t  254 


’ Model 830, E. 1. du Pont de Nemours & Co.. Wilmington, Del. 


R 


sulfanilamide: R = -H, R, = -H 


sulfamethoxazole:  R = -H, R ,  = aCH 
CH 


sulfisoxazole: R = -H, R, = HCH.> 
0‘ 
,OCH 


4 
sulfadimethoxine: R = -H, R ,  = -(OK 


‘OCH I 


isosulfamethoxazole: R = -H, R, = 


acetylsulfamethoxazole:  R = -COCH,, R, = 


CH. VCH1 acetylsulfisoxazole: R = - C O C H , ,  R, = 


sulfanilylsulfanilamide: R = -H, R, = -@SOJH, 


nm. Separation was obtained on an alkylnitrile bonded phase 
column2. 


Reagents a n d  Chemicals-The methanol, methylene chloride, and 
ethyl acetate were ACS reagent grade. “nistilled-in-glass” heptane3 was 
used. The diethylamine and hydrochloric acid were reagent grade. Ke- 
leased lots of sample material and in-house reference standards were 
used4. 


Mobile Phases-A mobile phase of methanol-methylene chloride- 
heptane (101575) was used for sulfamethoxazole, N’-acetylsulfisoxazole, 
sulfisoxazole, and sulfadimethoxine analyses as well as for samples con- 
taining phenazopyridine hydrochloride in combination with sulfa- 
methoxazole or sulfisoxazole. 


A mobile phase of diethylamine-ethyl acetate-methanol-heptane 
(1:8:16:75) was used for samples containing trimethoprim or ormetoprim 
in combination with sulfamethoxazole or sulfadimethoxine, respec- 
tively. 


Internal Standard Solution-Sulfanilylsulfanilamide was prepared 
by the Rauer (9) procedure and used as an internal standard. Approxi- 
mately 600 mg of this material was accurately weighed into a 100-ml 
volumetric flask and diluted to volume with methanol (internal standard 
solution). 


Sample Solution-Each sulfa drug solution was prepared hy dis- 
solving 100 mg in 100 ml of methanol except when in Combination with 


MicroPak CN-10 (25 cm X 2 mm id.). Varian Associates, Sunnyvale, Calif. 
Burdick & Jackson Lahoratoriea, Muukegon, Mich. 
Hoffmann-La Hoche, Nutley, N.J. 
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sulfanilic acid 


tr imethoprim: R = -H, R ,  = -OCH, 
ormetoprim: R = -CH,, R, = -H 


CH,,O‘ 


tr imethoprim /OCH., 
precursor A: R -CHL-CH+H, I 


I ‘OCH,, 
CN 


trimethoprim / CH20CH 
precursor B: R = -C=C 


‘CN 


H:N%NHi ,HC1 


N=N--C,H, 


phenazopyridine hydrochloride 


trimethoprim or ormetoprim, where 0.1 N HCI in methanol was used as 
the solvent. Four milliliters of the clear solution was pipetted into a 10-ml 
volumetric flask containing 2 ml of the internal standard solution and 
diluted to volume with methanol (working sample solution). 


Reference Standard Solution-Reference standard solutions were 
prepared by diluting reference standard materials to a concentration 
similar to that of the samples with the same solvent (working reference 
standard solution). 


Procedure-Five microliters of working sample and working reference 
standard solutions were alternately injected into the liquid chromato- 
graph to determine the retention volumes for the compounds. Duplicate 
standards and samples were chromatographed, and the respective re- 
sponses were determined using peak height measurements. 


Calculations-Relative response ratios ( R R )  were calculated for the 
working reference standard solution using the chromatographic data. 
Calculation of drug potency for each tablet was made using: 


where: 


Hspl = sample peak height 
Hint = internal standard in sample solution peak height 
Wint = internal standard weight (milligrams) 
Wspl = sample weight (milligrams) 


RR = response ratio 
0.5 = dilution factor 


A.W.T. = average tablet weight (milligrams) 


Formulas for calculating potency for other dosage forms (suspensions, 
solutions, creams, etc.) were adjusted to fit the particular dosage 
form. 


RESULTS AND DISCUSSION 


The sulfa drugs sulfamethoxazole, sulfisoxazole, N’-acetylsulfisoxazole, 
and sulfadimethoxine, both as single entities and in combination with 
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Figure 1-Chromatogram of sulfa compounds, phenazopyridine hy- 
drochloride, and related compounds. Conditions were: column, Micro- 
Pak CN-10; mobile phase, methanol-methylene chloride-heptane 
(10:15:75); and flow rate, 1.0 mllmin. Key: I, phenazopyridine hydro- 
chloride; 2, N’-acetylsulfamethoxazole; 3, sulfamethowatole; 4, sulfi- 
soxazole; 5, sulfanilamide; 6, isosulfamethoxazole; and 7, sulfanilyl- 
sulfanilamide. 


ormetoprim, trimethoprim, and phenazopyridine hydrochloride, were 
analyzed successfully using normal phase partition HPLC. Two different 
mobile phases and a nitrile-bonded phase column were used to separate 
and determine all compounds of interest within’ a reasonable time. 
Typical chromatograms are shown in Figs. 1 and 2. 


While the sulfa drugs could be chromatographed using either mobile 
phase, trimethoprim and ormetoprim did not elute in a reasonable time 
in the mobile phase without diethylamine. Sulfanilamide and sulfanilic 
acid, which are sulfonamide degradation products, were well resolved 


Table  I-Comparison of HPLC with Wet Chemical Results 


Dosage Compound 
Form Determined 


Tablet Sulfisoxazole 


Sulfamethoxazole 


Sulfadimethoxine 


Phenazopyridine 
hydrochloride 


Trimethoprim 


Ormetoprim 


Suspension 


Cream 


Acetylsulfisoxazole 


Sulfamethoxazole 


Trimethoprim 
Sulfisoxazole 


Results for Various 
Lots, % claim 


HPLC Wet Chemical 


100.1 102.1 
100.6 102.3 
99.1 103.6 
100.6 101.6 
100.8 104.4 
101.9 105.6 
103.2 100.6 
100.0 100.0 
98.5 101.1 
101.3 99.9 
103.0 100.0 
105.0 102.0 
99.7 
106.8 
99.7 
98.0 
102.8 
100.4 


102.0 
102.0 
104.0 
101.6 
104.5 
99.0 


99.3 98.0 
Solution Sulfisoxazole 105.5 106.0 


102.0 102.8 
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Figure 2-Chromatogram of sulfamethoxazole, trimethoprim, and 
related compounds. Conditions were: column, MicroPak CN-10; mobile 
phase, met hand-ethyl acetate-diethylamine-heptane (16:8:1:75); and 
flow rate, 1.0 mllmin. Kpy: 1 ~ trimethoprim precursor A; 2, trimethoprim 
precursor R; 3, trimethoprim; 4, N’-acetylsulfamethoratole; 5, sulfa- 
nilamide; 6, sulfamrthoxazole; and 7, isosulfamethoxazole. 


from the compounds of interest using the system without diethylamine; 
sulfanilic acid was eluted after all of the other sulfa compounds. 


In some instances, 0.1 N HC1 in methanol was chosen as the extraction 
solvent to ensure complete extraction of the drug substances from the 
matrix. Comparison of the H P I X  results with results obtained using wet 
chemical procedures is made in Table I. Peak height responses uersus 
amounts injected were linear for the formulation ranges for all compo- 
nents; however, deviations from linearity were found for many constit- 
uents when very high amounts were injected. Using the procedures de- 
scribed in this report, detection limits in the nanogram range were ob- 
tained. The determination of any compound tested in Table I, alone or 
in combination with another active drug substance, had a relative stan- 
dard deviation of f1.2%. An exception was found for the determination 
of trimethoprim and sulfamethoxazole formulated together, where the 
relative standard deviation was 52.5%. 


To ensure column-to-column duplication of the separation, three 
columns from the same supplier were evaluated. Differences in compo- 
nent retention times were noted with these columns, but only a slight 
modification in the mobile phase ratio was needed to effect resolution 
within a reasonable time. 


In summary, the HP1.C method presented was reliable, reproducible, 
rapid, and specific and should be useful for sulfa drug determinations 
in tablets, solutions, creams, and suspensions. 
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JACOB YASHPHE *x, RUTH SEGAL *, AVIVA BREUER $, and 
GAB1 ERDREICH-NAFTALI * 
Received July 31,1978, from the ‘Department of Microbiological Chemistry, The Hebrew University-Hadassah Medical School, Jprusalem, 
Israel, and the tnepartment of Pharmacognosy, School of Pharmacy, The Hebrew University, Jerusalem, Israel. Accepted for publication 
January 12,1979. 


Abstract 0 The antibacterial activity of Artemisia herba-alba was in- 
vestigated. Only its essential oil was active against some Gram-positive 
and Gram-negative bacteria. The essential oil was fractionated by column 
chromatography, and these fractions were tested for antibacterial activity. 
The principal component of the most active fraction was santolina al- 
cohol. 


Keyphrases 0 Artemisia herbo-atba-antibacterial activity, essential 
oil, column chromatography Antibacterial activity-evaluated for 
Artemisia herba-alba essential oil, column chromatography 0 Folk 
medicine-Artemisia herba-aha, antibacterial activity of essential oil 


Artemisia herba-alba AS SO.^, known as the desert 
wormwood, is a dwarf shrub growing in North Africa and 


the Middle East. This plant is used by the local population 
as an anthelmintic and for other purposes in folk medicine 
such as relief of coughing. intestinal disturbances. colds, - 


Plant material was collected and identified as Arternisia herba-alba Asso. 
(Compositae) by Dr. Avinoam Ilanin, Department of Botany, The Hebrew Uni- 


collected for this investi ation is available for inspection at the Department of 
Pharmacognosy (Dr. R. jeegal), School of Pharmacy, The Hebrew University, Je- 


measles, and muscle welkness. 


aerial parts of this plant and their structures were estab- 
versity, Jerusalem, Israel. A voucher specimen (AHA-1) representing material 


rusalem, Israel. 


Recently, several compounds were isolated from the 


lished. These compounds were the sesquiterpene lactones 
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Abstract  0 The effect of 6oCo-irradiation on penicillin G procaine in 
a peanut oil-based veterinary mastitis product was examined by re- 
versed-phase high-performance liquid chromatography (HPLC). The 
HPLC method is capable of separating and quantifying procaine, peni- 
cillin G, and various degradation compounds. Penicillin G recovery from 
a placebo formulation was 100.4% with a relative standard deviation of 
<1%. When irradiated at 4.0 Mrads, the penicillin G in two product lots 
decreased slightly (-1-2%) with a corresponding increase in two com- 
pounds inherently present in bulk penicillin C, powder. These compounds 
may be formed in abundance by treating penicillin G in an acidic solution. 
From the mass spectrometric analysis and the relative retention data with 
authentic compounds, these compounds were identified as benzylpen- 
illoaldehyde and benzylpenaldic acid. Values obtained by the HPLC 
method on the product irradiated and stored a t  various temperatures 
correlated well with those of the microbiological assay. No significant 
decrease in the procaine was detected even after 4.0-Mrad irradiation. 
The HPLC method is applicable for analysis of other P-lactam antibi- 
otics. 


Keyphrases 0 Penicillin G procaine-effect of cobalt irradiation, vet- 
erinary mastitis products, sterilization Cobalt irradiation-effect on 
penicillin G procaine, veterinary mastitis products, sterilization 
Sterilization-penicillin G procaine, veterinary mastitis products, cobalt 
irradiation 


The Ministry of Agriculture, Food, and Fisheries in the 
United Kingdom has served notice that all new veterinary 
mastitis products to be marketed in the United Kingdom 
must be sterile. Moreover, sterility is required for existing 
veterinary mastitis products at  their reregistration time. 
Since the efficacy and toxicity of ethylene oxide as a ster- 
ilization agent are being questioned by both the Food and 
Drug Administration (1) and the Environmental Protec- 
tion Agency in the United States (Z), 6oCo-irradiation was 
examined as a reliable and economical means to sterilize 
terminally a veterinary mastitis product. The 6oCo-ir- 
radiation has been recognized as the method of choice for 
sterilization of medical devices and has been accepted for 
terminal sterilization of ophthalmic ointments (3). In many 


countries, products irradiated a t  2.5 Mrads by cobalt 60 
may be released as sterile without the final sterility 
testing. 


Although the official microbiological cylinder cup-agar 
diffusion assay may be used as a stability-indicating 
method for penicillin G (4), a more precise and accurate 
method is desirable for monitoring the effect of 6oCo-ir- 
radiation treatment. Since a reversed-phase high-perfor- 
mance liquid chromatographic (HPLC) assay of P-lactam 
antibiotics ( 5 )  was improved by use of a column packed 
with 5-10-pm particle size Cl8 (6) and used in this labo- 
ratory for many years, this method was selected to assess 
the effect of ‘Wo-irradiation on procaine and penicillin G 
in a veterinary mastitis product. Similar HPLC assays for 
,&lactam antibiotics have appeared (7-16). 


EXPERIMENTAL 


Apparatus-A modular liquid chromatograph equipped with a 
2.54-nm UV monitor’, a high-pressure pumpL, and a 20-pl fixed-loop in- 
jector.’ were used. A low CIS-loaded reversed-phase column4 with a 
stainless steel precolumn5, 51 X 2.1 mm i.d., was used to separate procaine 
and penicillin G. 


Reagents-For the mobile phase, acetonitrile-water-0.2 M ammo- 
nium acetate buffer (207010) was used. The pH was adjusted to 6.0 with 
acetic acid. The 0.2 M ammonium acetate buffer was prepared by 
weighing 15.5 g of  ammonium acetate into a I-liter graduated cylinder 
and adding water to volume. The mobile phase was filtered through a 
niemlwane filter5. 


The mohile phase was pumped through the column a t  a flow rate of 
-1.0 ml/min. 


Reference Standard Solutions-/’rnic.illin (;-The lJSP penicillin 
1; potassium reference standard was used “as is” a t  1590 un i t shg .  Ap- 


I Model I203 1IV monitor 111,  1,aI)oratory I);it;i Control. Kiviera Heach. Ha. 
Model 6000 A chromatographic pump, Waters Associates, Millord, Mass. 
Model 70.10, Rheodyne, Berkeley, Ciilil. 


Catalog No. FHLP04700 fluoropore filter, Millipore Corp., Hedlord. Mass. 
4 Partisil PXS 10/25 ODS, Whatmnn Inr.. Clilton. N.J. 
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proximately 6.7 mg of the reference standard was weighed accurate19 
and placed in a lO-ml volumetric flask. 'The standard was dissolved and 
diluted to volume with the mol)ile phase. The  reference standard solution 
thus prepared was transferred to a 35-mI disposahle vial, and 10 ml of 
isooctane (2,2,4-trimethylpentatie) was added. The  vial was capped and 
shaken gently for 5 rnin on an automatic reciprocal shaker7. The  top 
isooctane layer was aspirated off, and 5 ml of isooctane was again added. 
T h e  vial was shaken again for 5 min and then centrifuged a t  10OOXg for 
I min. The  top half of the sample wiis aspirated off, and the sample was 
sonicated just prior to chromatographic analysis. 


['rocaine- Approximately 4.5 mg of procaine hydrochloride USP was 
weighed accuratelj& and placed in a 50-ml volumetric flask. The standard 
was dissolved and diluted to volume with the mobile phase. The  standard 
solution was transferred to a 125-ml separator containing 50 ml of iso- 
octane. The flask was shaken gently for 5 rnin on an automatic reciprocal 
shaker7. 


T h e  top isooctane layer was aspirated off, and 25 ml of isooctane was 
added. The flask was shaken again for .5 min. Approximately 10 ml of the  
lower phase was transferred into a :%ml disposable vial and centrifuged 
a t  IOOOXg for 1 min. T h e  top half of the sample was aspirated off, and 
the sample was sonicated just prior to chromatographic analysis. 


S a m p l e  Preparation-A plastet containing the peanut oil-based 
mastitis product was weighed. After the plastet was shaken vigorously, 
the contents were expelled into a 25O-ml separator containing 100 ml of 
the m o M e  phase. T h e  empty plastet was weighed to calculate by dif- 
lerrnce the weight of the  content bring assayed. Approximately 100 ml 
1 1 1 '  isooctane was added, and the flask was shaken gently for 5 min on a 
reciprocal shaker'. 


Approximately 75% o f t h e  top layer was aspirated off, and 50 nil of 
isooctane was added. T h e  Ilask was shaken again for 5 min. Approxi- 
mately 10 ml of the lower phase was transferred into a X - m l  disposalde 
vial and centrifuged for 1 min at  1000X~.  The t o p  half of the  sample was 
its pirated of'f. 


T a b l e  I-Precision of t h e  H P L C  Assay f o r  Penici l l in  G in  P e a n u t  
Oil-Rased Mast i t is  P r o d u c t  


Height of Peak Height of 
Net Weight Penicillin G Penicillin G /  


of' Product, g Peak, cm Weirht of Productn 


8.16 27.0 3.31 
8.21 27.0 3.29 


3.32 8.19 -1.2 
8.2,; 27.6 3.35 
8.36 28.2 3.37 
8.33 28.0 :i.x 


').- ' 


/t.Y/J = 0.94', , 


Model (; elecrnilralance, ('ahn Instrument Corp., Paramount, Calif 
Hhrrliach. A n n  Arb, Mich. 


Pc,nicillin G -  For the  penicillin C; assay, the  sample solution was 


Procaine-The sample solution was diluted 1:s with the motile phase 


Calculations-f'c~nicillin (;-The penicillin (; content in a plastet 


chromatographed. 


and chromatographed. 


was calculated from: 


(Eq. 1) 


where /Is, is the peak height o r  peak area of the sample, W,, is the weight 
o f t h e  sample in grams, Wbld is the  weight o f  the  standard in milligrams 
per milliliter, Pstd  is the peak height o r  peak area of the  reference s tan-  
dard, Sp.G. is the specific gravity of the mastitis product, and 1590 is the 
potency of the  penicillin G U S P  reference standard (issue F). 


Procaine-The procaine content per p1astc.i may he calculated 
from: 


X F4 9 &, x Sp.G. X P (Eq. 2) 


where PK,, is the peak height or pc-ak or peak area of the sample; W,, 
is the  weight of the sample; PK,,d is the peak height OF peak area of the 
reference standard; W,t,I is the weight o f t h e  standard; PI,  F2, and F:I are 
volumes of the sample solution, the reference standard solution, and the 
plastet, respectively; b'd is the final volume of the  sample; F5 is the con- 
version factor from procaine hydrochloride to procaine hase (0.866); Sp.C. 
is the specific gravity of the mastitis product; and  P is the purity of' the 
procaine USP reference standard. 


R E S U L T S  AND DISCUSSION 


Factors Affec t ing  Resolut ion of Penici l l in  C a n d  P r o c a i n e  
Peaks--During the evaluation o f  several silica with 1)onded octadc- 
cylsilaneH coliimns, the resolution o f  penicillin G from the procaine peak 


T a b l e  11-Recovery of Penici l l in  G f rom Mast i t is  P r o d u c t  
~ 


I'enicillin C Penicillin (; 
Added, Krcovered, 


mg/plastet nig/plast et liecovery, f'f 


67.63 
67.13 
66.79 


Averare 


68.91 
66.58 
66.91 


101.9 
99.2 


100.4 


1076 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 9, September 1979 







I., I I1.I.I .I,, ,,I I.,,. 


3 


I 


5L 


I i.oL I' - 92 


0 


I 105 z 
i -I 


Joor 


P 


E 


------7 


008'2 I I OOL'C 1 I OOt't I I OOI'PI I aBe.laG 
002'1 I1 OOC'Z I I OOG'P I I 009't: I I 
006'5 I I 006'Z I I OOP'tl1 OOP'PI I 
000'L'I I 00'"t: I I 00s": 1 I OOP' I I I 
OOP'Z I I 00P'Z I I 00t:'z I I oosm I 
OOP'ET I ooL"s11 008";' I I 009'11 I 
OOY'C I I 00s"; I I 00C'C I I OOC'L I I H 


OO8'8O 1 008'01 I aaeia.\v 009'80 I 000'L01 
008'60 I 000'90 I OO"'G0 I OOC'LO 1 
006'LOI 00S"LOI OOH'XOI OOP'80 I 
000'801 008'90 I 0O';'LO I OOL'PI I 
OOC'80 I 009"Ol OOZ'601 OOP'ZI I V 







I l  


I I I 1 I 1 
0 4 8 12 16 20 


MINUTES 


Figure 4 - H / ) / , ( '  anolysi.\ of ampicillin ( 1 )  in an oral formulatitin using 
( I  pHondnpali  ( '18  column. The mobilo phase was ncetonitrile-0.2 M 
nmnionium acv tnto  h i / / v r  I (  ntcr  (15:IO:X5), p H  6.0. 


more than 12 min ~ ~ f e l u t i o n  time separated the procaine and penicillin 
(; peaks (Fig. " A ) .  It may he theorized that  the underivatized hydroxyl 
gr(irips iin the silica column support exhihit strcing affinity toward the 
prcicaine molecule, reeiilting in longer procaine retenticin and the  sepa- 
ration of' the two compounds. 


Precis ion a n d  Recovery of Penici l l in  G f r o m  P c s n u t  Oil-Based 
Mast i t is  Product-Precision o f  the HI'LC assay was evaluated by in- 
dividually weighing and extracting six replicate mastitis product samples. 
The relative st;rndard deviation of' the  H P I L  method was < I %  (Table 
I ) .  


2 I I 1 


0 4 a 12 16 20 24 2a 
MINUTES 


F i g u r e  6-HPLC analysis of penicillin V ( I )  in an oral formulation 
using a p h n d a p a k  CIH column. The mobilr phase i t u s  ncetonitrile-0.2 
M nmmonium acctatr-water (90:1f):60), p H  6.0. 


The extraction technique efficiency for penicillin (; recovery from the 
product was evaluated by adding three independently weighed penicillin 
G USP reference standard samples to  the product base. T h e  penicillin 
G recovery frtim the product base was 100.4% ('rattle 11). 


Penicillin C Stabi l i ty  to  60Co-Irradiation ~ Penicillin G in a peanut 
oil-based veterinary mastitis product was relatively stable to T o - i r -  
radiation. Even after 4.0 Mrads irradiation, the  maximum irradiation 
level targeted fin product sterilization, penicillin C; in two product lots 
showed decreases in potency of'only 2.0 and 1 . lY  ('rahle 111). 


Although several impurity peaks were present in unirradiated pen- 
icillin G procaine (Fig. ?A), only two peaks were increased by"0Co-ir- 
radiation (Fig. 2B). Since these degradation compounds are inherently 
present in the untreated penicillin G procaine powder, these compounds 
are not formed uniquely by ""Co-irradiation. These degradation com- 
pounds can be formed in ahundance when penicillin G powder is treated 
in a low pH solution (pH 3.0) a t  37" for 1 hr. 


I I t 


0 4 8 12 16 
MINUTES 


F i g u r e  7-HP/,( '  chromatograni o/ ctphnlothin using a pHlindnpak 
( ' 1 8  column. The  rnobilc pha.se iims ncctonitril(3 0.2 h.1 ommoniitm o w -  
t n t c,-ii,atrr (25; I0:fi.i ), pH 6.0. 
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Table V-Correlation between HPLC and Microbiological Assay 
Methods for  Penicillin C in Mastitis Product  


Irradiation, Penicillin G ,  unitslplastet 
Lot Mrads Storage HPLC Microbiologicar 


~ ~ 


A 0 Initial 100,500 
25', 3 months 100,100 
40°, 3 months 54,300 


2.5 Initial 103,600 
2 5 O ,  3 months 99,100 
40', 3 months 61,500 


4.0 Initial 104,600 
25*, 3 months 100,900 
40°, 3 months 59,500 


B 0 Initial 105,100 
25'. 3 months 101.300 
40°, 3 months 64,200 


2.5 Initial 105,800 
25'. 3 months 99,700 
40°, 3 months 64,800 


4.0 Initial 106,400 
25', 3 months 101,700 
40'. 3 months 61,600 


108,000 
101,000 
4 1,000 


107,000 
103,000 
62,000 


109,000 
101,000 
34,000 


111,000 
101,000 
65,000 


108,000 
104,000 
58,000 
97,000 


102,000 
53,000 


Approximately an eightfold increase in degradation ccimpound I (peak 
1) was noted, with less than a twofold increase in peak 2, by 4 Mrads ir- 
radiation. Increase in the area under peaks 1 and 2 was too great to be 
accounted for by the decrease in the penicillin G peak. This discrepancy 
may he attributed to the difference in the molar absorptivity of these 
compounds a t  254 nm. 


Degradation Compound Identification-As stated previously, the 
impurity compounds (peaks 1 and 2) that  were increased by 6oCo-ir- 
radiation also may be formed in abundance by treating a penicillin G 
powder in a pH 3.0,0.02 M phosphate buffer a t  37' for 1 hr. The fact that 
the retention of peak 2 is greatly intluenced hy change in the mobile phase 


2 


1 


4 


I I I I I L 
0 4 8 12 16 20 


MINUTES 


Figure I-HP1,Cgradient plutirin chromatogram for tentative identi- 
fication nf P-lactam antibiotics using a pHondapak CIS column. The 
linear gradient was from lO:lO:r(O (ocrtonitrilp-0.2 M ammonium nce- 
talc-water), p H  6.0, t i ]  50:10:4(ls p H  6.0, in 1.5 min. Key: 1 ,  ampicillin; 
2, pvnicillin (3; :i, penicillin G; and J3 pc,niciltin V. 


I I 1 1 I I 


0 4  8 12 16 20 24 28 32 
MINUTES 


Figure 9-HPLC gradient elution chromatogram indicating separation 
of an ampicillin prodrug, bacampicillin, from process intermediates. 
The conuex gradient elution was from mobile phase A ,  5:10:85 (aceto- 
nitrile-0.2 M ammonium acetate-tvater), p H  4.0, t o  mobile phase H ,  
HO:l0:10, p H  4.0, in 30 min. Key: 1 ,  phenylglycine; 2, ampicillin; 3, 
penicillin G; and 4, bacampicillin. 


pH indicates the presence of acidic radicalb) in the molecule. The re- 
tention of peak 1 was not affected hy the pH change. 


Formation of henzylpenicilloic acid, benzylpenilloic acid, and hy- 
droxybenzylpenicillin in an aqueous penicillin G solution irradiated by 
cobalt 60 has been reported (17). These radiolytic compounds also may 
be formed by an alkaline treatment (18). However, the relative retention 
of these alkaline (pH 10.0) hydrolyzed compounds failed to match the 
two peaks of interest. 


To identify the two degradation compounds, a small preparative liquid 
chromatograph was constructed with a 122-cm X 7-mm i.d. stainless steel 
column packed with Cis'". 


About 30 mg of penicillin G sodium USP, irradiated a t  6.0 Mrads, was 
dissolved in 10 ml of the mobile phase and introduced onto the column 
via a 100-pi loop injector. The column effluents corresponding to the two 
peaks were collected in 250-ml round-bottom flasks immersed in a 
methanol-dry ice bath. The procedure was repeated 10 times. The ef- 
fluents were freeze dried overnight. 


The suhmilligram quantities of samples thus collected were dissolved 
in acetonitrile, transferred into microreaction vials", and dried under 
a nitrogen stream. About 100 pi of bis(trimethylsilyl)trifluorc>acetamide 
containing 1% trimethylchlorosilane12 was added to the two dried samples 
and penicillin G powder and allowed to react 3 hr a t  room temperature. 
The silylated samples were placed in capillary glass tubings and dried 
under vacuum. The samples were analyzed hy mass spectrometry using 
the electron-impact ionization mode. 


The mass spectra of penicillin G and two degradation compounds are 
shown in Fig. 3. The penicillin G mass spectrum (Fig. 3A) showed that 
hoth mle 478 [M+, bis(trimethylsilyl)penicillin G] and 406 [mono(tri- 
methylsilyl)penicillin GI were weak, indicating instability of the silylated 
compounds. Another weak peak was observed a t  mle 306 [M - 
(:(CH:,)2CHC02Si(CH:,)aj. Much stronger peaks were seen a t  m/c 463 
( M  - 15), 387 (M - CHsCd-M, and 247. An intense peak was shown a t  
mIc 232 (mle 247 - CHs). 


(m/e  247) 


lo  h n d a p a k  C I S  Piwasil R, Waters Associates, Milford. Mass 
I' Rearti-Vial, Pierce Chemical Co.. Hocklord, 111. 


Heyisil KC-2, Keyis Chemical Co., Mortoii Grove, 111. 
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0“ ‘COOH 
penicillin G (benzylpenicillin) 


1H20 


HSC(CH& 
@CH,CONHCH(CHO)C~H + I 


H,N CH COOH 
benzylpenaldic acid penicillamine 


I -CO, 


@ cH,CONHCH~CHO 


benzylpenilloaldehyde 
Scheme I 


The mass spectrum of the column effluent corresponding to peak 1 
(Fig. 33) is essentially identical to that of henzylpenilloaldehyde and 
showed the weak molecular ion at  m/e 250 (M’) and a strong peak a t  m/e 
232 (M - 18). Weak peaks were found a t  m/e 158 (M - CHZC~HR),  I30 
(M - CH&H5CO), and 43 (M - OH~C~HSCONH).  A much stronger 
peak was observed a t  m/p 149 [M - COWCH:,):,]. 


The mass spectrum of Compound I I  (Fig. 3C)  is that of benzylpenaldic 
acid. The molecular ions at  m/p 437 Itris(trimethylsily1) derivative] and 
291 [mono(trimethylsilyl) derivative] were relatively weak, indicating 
incomplete silylation. Much stronger peaks were shown at  m/e 232 [M 
- CHsC6H6CONSi(CH:~):,] and 207 [M - CH(C00-trimethylsily1)- 
COSi(CHo):,]. The presence of an acidic radical in this compound was 
indicated previously. 


From the identification, it may be speculated that penicillin G may 
undergo a slight degradation by “Co-irradiation as shown in Scheme I. 
I’enicillamine cannot he detected by monitoring at  254 nm. 


Procaine Stabil i ty to  6oCo-Irradiation-‘I’he effect of fi”Co-ir- 
radiation on the stahility of procaine is shown in Table IV. Although 0.5 
and 1.5%, decreases were noted in two lots of the product irradiated a t  
4.0 Mrads, these decreases were not statistically significant. Careful ex- 
amination of the chromatogram of promine irradiated at  4.5 Mrads failed 
to detect any peak other than procaine. 


Correlation between HPLC a n d  Microbiological Methods-A 
correlation between the H P I L  and the microliiological methods for the 
penicillin G assay was examined hv use of two simulated product lots 
‘”’Co-irradiated a t  2.S and 4.0 Mrads and stored at  25 and 40° for :j 
months. The microbiological cylinder cup-agar diffusion assay used was 
as described in the Code of Federal Regulations ( 4 )  (Table V). A cross- 
classified analysis of variance was used to test for lot, radiation dosage, 


and time-temperature main effects and for all two-way interactions 
between the main effects. The analysis of variance showed that only the 
time-temperature effect was statistically significant (p<0.05) due to the 
instability of penicillin G a t  40°. 


Thus, the HPLC method correlated well with the microbiological assay 
and was stability indicating. 


O the r  &Lactam Antibiotics-With a slight modification of the 
tnohile phase, the isocratic reversed-phase HPLC method is applicable 
to many &lactam antibiotics (Figs. 4-7) with a relative standard deviation 
of -1.0%. 


The reversed-phase HPLC method using a gradient elution technique 
also is apDlicable for tentatively identifving B-lactam antibiotics (Fia. 
8) and for assessing the stability of the prodrug, bacamr 
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Table I-Minimum Inhibitory Concentration a by Agar  Dilution 
Method in Sabouraud's Dextrose Agar 


Test Organism V* VI' Clotrimazole 


Candida albicans (two strains) >256 >512 1 
Candida tropicalis >256 >512 1 
Rhodotorula sp. >256 >512 8 
Aspergillus niger >256 >512 a 
Trichophyton mentagrophytes >256 >512 0.5 


Micrograms per milliliter of medium. * Target concentration was 256 pglml. 
Target concentration was 512 pglml. 


mole) of 1.76 M phenyllithium in benzene-etherz. After stirring a t  room 
temperature for 15 min, the reaction was gently refluxed with stirring 
for 1 hr. The cooled mixture was treated carefully dropwise with 10 ml 
of saturated aqueous ammonium chloride followed hy 20 ml of water. The 
organic layer was separated, washed with water, dried with anhydrous 
magnesium sulfate, and evaporated. 


The residual oil was then triturated with petroleum ether and filtered, 
and the solid was crystallized from an ethanol-hexane mixture to provide 
4.3 g (73.4%) of white crystals, mp 131-134.5O; UV: A,, 236 (A, = 
13,100), 281 (3000), and 290 (4400) nm; IR (KBr): 3540,3450,3065,1595, 
1570, 1445,1115, and 755 cm-'. 


Anal.-Calc. for C19H13C102: C, 73.91; H, 4.24; CI, 11.48. Found C, 
74.45; H, 4.27; Cl, 11.54. 


I-Chloro-9- (imidazo-I-yl)-9-phenylxanthene ( V )  and I-Chloro-9- 
(imidazo-2-yl)-9-phenylxanthene ( VI)-A mixture of 0.9 g (0.003 mole) 
of IV and 3.0 g (0.44 mole) of imidazole was heated under a nitrogen at- 
mosphere a t  180' for 5 hr. After cooling, the reaction mixture was digested 
with 30 ml of water, and the insoluble solid was separated by filtration. 
The solid was dissolved in chloroform, chromatographed on 75 g of a 2-cm 
silica gel (40-140 mesh) column3, eluted with ether-chloroform (l: l) ,  and 
collected in 100-ml fractions. Compound V eluted first followed by VI. 
Following evaporation of the appropriate fractions, both V and VI were 
crystallized from ethanol-water. 


For V, the yield was 0.5 g (4690), mp 235-237'; Rf 0.7 [silica gel GF, 
ether-chloroform (1:l v/v)]; U V  A,,, 285 (A, = 3280) nm; IR (KBr): 
3065, 1590, 1570, 1440, 1368 (CN), 1110, 1100, and 755 cm-'; NMR 
(CDCls-dimethyl sulfoxide-d6): 6 6.8-7.4 (m, 13H, aromatic) and 7.5 and 
7.6 (overlapping triplet, 1H each, imidazole ring H). 


Anal.-Calc. for C ~ Z H ~ ~ C I N ~ O :  C, 73.64; H, 4.21; C1, 9.88; N, 7.81. 
Found: C, 73.89; H, 4.31; C1, 10.00; N, 7.76. 


* Aldrich Chemical Co. 
Baker. 


For VI, the yield was 0.1 g (9%), mp 223-225O; Rf 0.3 (same system as 
for V); UV: A,,, 285 (A, = 3140) nm; IR (KBr): 3070,2860 (imidazole 
NH), 1590,1570,1440,1100,1090, and 755 cm-1: NMR (CDCldimethyl 
sulfoxide-d& 6 6.48 (distorted doublet, lH,  imidazole CH), 6.8-7.4 (m, 
13H, aromatic H), and 7.55 (distorted doublet, lH, imidazole CH); NMR 
(dimethyl sulfoxide-d6-DzO): 6 6.33 (d, imidazole CH), 6.8-7.4 (m, aro- 
matic H), and 7.54 (d, imidazole CH). 


Anal.-Calc. for C ~ ~ H ~ ~ C I N Z O :  C, 73.64; H, 4.21; C1, 9.88; N, 7.81. 
Found: C, 73.61; H, 4.40; Q9.91; N, 7.66. 


Mycology-The antifungal activity of V and VI, using clotrimazole 
as a reference, was determined by using a Steer's replicator (9) to inoc- 
ulate plates of Sabouraud's dextrose agar containing twofold serial 
dilutions of the compounds. The replicator wells contained fungal sus- 
pensions a t  concentrations greater than 6 X 105 colony-forming units/ml. 
The minimum inhibitory concentration was determined a i  the lowest 
concentration that prevented substantial growth of the test organisms. 
The  data summarized in Table I show that neither V nor V1 was active 
against fungi a t  the concentrations tested. 
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Abstract A high-performance liquid chromatographic method for the 
determination of (2)- and (E)-doxepin hydrochloride isomers was de- 
veloped. The analysis employs a column packed with spherical silica 
microparticles (5-6 pm), and a mobile phase of acetonitrile-chloro- 
form-diethylamine (750:2500.2) permits baseline resolution and si- 
multaneous determination of the (2)- and (E)-doxepin isomers. Pro- 
cess-related substances do not interfere. The method is accurate and 
precise (the relative standard deviation was 0.3% for both isomers). The 


~ ~ 


simple procedure is highly suitable for routine doxepin hydrochloride 
analysis. 


Keyphrases Doxepin hydrochloride-isomers, high-performance 
liquid chromatographic analysis Antidepressants-doxepin hydro- 
chloride, isomers, high-performance liquid chromatographic analysis 
High-performance liquid chromatography-analysis, doxepin hydro- 
chloride isomers 


Doxepin hydrochloride, 3-dibenz[b,e]oxepin-l1(6H)- 
ylidene-N,N-dimethyl-1 -propanamine hydrochloride, is 
a dual-action antianxiety and antidepression psycho- 
therapeutic agent (1). Chemically, it is a mixture of (2)- 


and (E)-isomers (Ia and Ib,  respectively) in an -15:85% 
ratio. Recently, a GLC procedure (2), which requires an 
extraction step to convert the hydrochloride to free base, 
was recommended for doxepin hydrochloride analysis. 
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Table I-Recovery of (2)- and (E)-Doxepin Hydrochloride from Known Mixtures 


Total Isomer 
Doxepin Isomer Concentration, mglml Concentration, (2)-Isomer, % (E)-Isomer, % 


Mixture (ZbIsomer (EbIsomer mdml Theory Determined Theory Determined 


I 0.0077 0.0638 
I1 0.0149 0.0568 


111 0.0185 0.0532 
IV 0.0221 0.0496 
V 0.0367 0.0355 


0.0715 
0.0717 
0.0717 
0.0717 
0.0722 


10.8 
20.8 
25.8 
30.8 
50.8 


10.8 
20.7 
25.9 
30.7 
50.7 


88.3 88.8 
78.5 79.0 
74.1 74.6 
69.0 69.3 
49.3 49.6 


Ia Ib 


Earlier, a high-performance liguid chromatographic 
(HPLC) procedure' was considered (3) but suffered from 
insufficient resolution of the two isomers, resulting in poor 
reproducibility. In the current work, modification of the 
HPLC column system produced a rapid, simple procedure 
that consistently afforded reproducible baseline resolution 
and quantification of the isomers. 


EXPERIMENTAL 


Chemicals and Reagents-(Z)-Doxepin hydrochloride [specified 
as 100% (Z)] and (E)-doxepin hydrochloride [specified as 99.4% ( E )  and 
0.6% (Z)] were obtained as crystalline substances2. The following solvents 
were used ACS grade diethylamine3, acetonitrile4 (distilled in glass, UV), 
and chloroform' (distilled in glass, without ethanol preservative). 


Apparatus-A high-pressure pump5 equipped with a 25-pl sample 
loop injection valve6 and a multiple-wavelength detector7 set at  254 nm 
and attached to a recorder* were used. 


Column-The columng (4.6 mm i.d. x 25 cm) was purchased and used 
as received. It consisted of porous spherical silica microparticles (5-6 
rm). 


Mobile Phase Preparation-The mobile phase was prepared by 
mixing 750 ml of acetonitrile, 250 ml of chloroform, and 0.2 ml of dieth- 
ylamine. The mobile phase was vacuum filtered through a polytef filterlo 
and degassed prior to use. 


Conditions for Chromatographic Analysis-The column was 
conditioned for 16 hr with the mobile phase at  a flow rate of 0.2 ml/min. 
The approximate chromatographic conditions used were a flow rate of 
0.7 mllmin (inlet pressure of 400 psig), a chart speed of 0.5 cm/min, and 
a detector sensitivity of 0.2 absorbance unit full scale (aufs). The column 
temperature was maintained at  28O by a water jacket controlled by a 
thermostat. 


Standard Solutions of Doxepin Hydrochloride Isomers-Standard 
solutions of (2)-doxepin hydrochloride in mobile phase contained 
0.007-0.040 mg/ml. (E)-Doxepin hydrochloride standard solutions 
contained 0.035-0.070 mg/ml. With these (2)- and (E)-doxepin hydro- 
chloride standard solutions, five (Z)/(E)-doxepin hydrochloride mixtures 
of known concentrations (Table I) were prepared. 


Calibration Curves and Mixture Analysis-Calibration curves were 
prepared by injecting aliquots (25 pl) of the individual (Z)- and (E) -  


1 The published HPLC method was originally developed in the Laboratories 
of Central Research and Quality Control, Pfizer Inc., Groton, Conn., by Mr. T. J. 
Toolan and Dr. W. P. Zeronsa. 


Pfizer, Inc. 
3 Matheson, Coleman and Bell, Norwood, Ohio. 
4 Burdick & Jackson Laboratories, Muskegon, Mich. 


Model M6000A, Waters Associates, Milford, Mass. 
6 Valco model CV-UHPa-C-20,7OOO-psi pressure rating, distributed by Alltech 


7 Spectroflow monitor 770, Schoeffel Instrument Corp., Westwood, N.J. 


9 Zorbax SIL, Catalog No. 850952702, Du Pont Instruments, Wilmington, 


lo Milli re type LS, 5.0 pm pore, Catalog No. LS (WP) 04700, Millipore Corp., 


Associates, Arlington Heights, Ill. 


A-25, Varian Instrument Division, Palo Alto, Calif. 


Del. 


Bedford, c a m .  


doxepin hydrochloride standard solutions into the chromatographic 
system. The peak heights (centimeters) were plotted against the isomer 
concentrations (milligrams per milliliter), and the slopes of the curves 
were calculated. 


The (Z)- and (El- content of the five cisltrans-mixtures was deter- 
mined by injecting 25-rl aliquots and measuring the resulting isomer peak 
heights. The following formulas were used to calculate the percentage 
of (Z) and (E)-doxepin hydrochloride in each mixture: 


H ,  loo 9% (Z)-isomer = - X - c sz 
He 100 


% (E)-isomer = - X - c S E  
where H, and He are the heights of the (2)- and (E)-isomer peaks, re- 
spectively; C is the concentration (milligrams per milliliter) of both iso- 
mers in the mixture, and SZ and SE are the slopes of the (2)- and ( E ) -  
isomer calibration curves, respectively. Once the linearity was proven, 
one (2)- and (E)-doxepin standard solution was sufficient to determine 
accurately the isomeric content of doxepin hydrochloride samples. 


RESULTS AND DISCUSSION 


A typical chromatogram of a (Z)- and (E)-doxepin hydrochloride 
sample is shown in Fig. 1. Figure 2 illustrates that baseline resolution is 
easily attainable for (Z)- and (El-doxepin hydrochloride mixtures of 
widely varying compositions. 


(E) - Doxepin 


(Z) - Doxepin 


..I 
L) 


P 
E 


L 
1 I 1 a I 


1 5 10 15 20 25 
RETENTION TIME, rnin 


Figure 1-Typical HPLC chromatogram of doxepin hydrochloride. 
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I Mixture V (5O:SO) 


I Mixture I (10:90) 
Figure 2-HPLCchromatograms of mixtures of (Z)- and (E)-doxepin 
hydrochloride standards (Table I). 


The precision of the HPLC method was tested by injecting five aliquota 
of a 15% (Z)- and 85% (E)-doxepin hydrochloride isomer standard so- 
lution. The relative standard deviation was 0.3% for each isomer. The 
method was calibrated using separate solutions of individual isomers. 
Excellent linearity of the HPLC response-concentration relationship 
was demonstrated. 


Assay accuracy was investigated by analyzing the five different (Z)- 


Table II-Retention Times of Process-Related Substances 


Relative 
Retention 


Compound Time 


6,11-Dihydrodibenz[b,e]oxepin-ll-one 0.18 
Phthalide 0.20 
Phenol 0.43 
11-(3-Dimethylamino-l-propyl)-6H-dibenz[b,e]oxe- 0.81 


in-11-01 
(Zy-Doxepin 
( E  1 -Doxepin 
2-(Phenoxymethyl)benzoic acid 


1.00 
1.06 


>1.60 


and (E)-doxepin hydrochloride mixtures of known composition (Fig. 2). 
The (2)- and (E)-isomer content was calculated uia Eqs. 1 and 2, re- 
spectively. The accuracy of the HPLC method is shown by the data 
presented in Table I. Assay selectivity was challenged by analysis of 
process-related substances. The results summarized in Table I1 illustrate 
the selectivity of the procedure. Long-term reproducibility and adapt- 
ability for routine analysis were verified by analyzing doxepin hydro- 
chloride on columns of widely differing assay usage. (For instance, a new 
column was tested uersus a 2-year-old column employed in assay work 
other than doxepin hydrochloride analysis and subjected to methanol 
deactivation). Equivalent assay data and comparable doxepin isomer 
resolution were observed in all cases. 


The modified HPLC assay for the (2)- and (E)-doxepin hydrochloride 
isomers has been established to be precise, accurate, and selective. The 
method is amenable to routine laboratory usage, and interlaboratory 
adoption of the methodology should present no procedural difficul- 
ties. 
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Abstract 0 An assay suitable for hydroxyzine determination in human 
plasma following therapeutic doses was developed. The method involves 
GLC and chemical-ionization mass spectrometry of the acetate deriva- 
tives of hydroxyzine and of a pentadeuterated analog internal standard. 
Following administration of 100-mg single oral doses to normal male 
volunteers, peak plasma concentrations of -80 ng/ml were observed; the 
half-life of drug removal was -3 hr. 


Key phrases 0 Hydroxyzine-analysis, GLC-mass spectrometry, human 
plasma, following therapeutic doses 0 Tranquilizers (minor)-hydrox- 
yzine, GLC-mass spectrometric analysis, human plasma, following 
therapeutic doses 0 GLC-mass spectrometry-analysis, hydroxyzine, 
human plasma 


Hydroxyzine, 2- [2- [4- [ (4-chloropheny1)phenyl- 
methyl]-l-piperazinyl]ethoxy]ethanol (I), is an antihis- 
tamine compound with antianxiety and antiemetic prop- 
erties used in the treatment of nervous and emotional 
disturbances (l), for controlling nausea and vomiting (2), 


and for preoperative and postoperative sedation and an- 
algesia (3). Procedures for hydroxyzine detection by TLC 
(4) and electrophoresis ( 5 )  do not have the sensitivity 
necessary for analysis of biological samples. GLC methods 
have been described (6-8) but the flame-ionization de- 
tection was inadequate for plasma samples; use of mass 
spectrometric detection was suggested (7,8). 


Preliminary studies in this laboratory indicated that the 
direct analysis of hydroxyzine was complicated by peak 
tailing with common stationary phases. The oxidation of 
hydroxyzine to a benzophenone, a product with improved 
GLC properties, has been examined (9, 10). However, 
several hydroxyzine metabolites can be expected to form 
the same benzophenone, rendering such a method non- 
specific. Hydroxyzine is metabolized in the rat t o  p- 
chloro-p’-hydroxybenzophenone, p-chlorobenzhydrol, 
[ 2- (1 -piperazinyl)ethoxy] ethanol (norchlorcyclizine), p - 
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Abstract A reliable and selective high-pressure liquid chromato- 
graphic (HPLC) procedure for the quantitative determination of nylidrin 
hydrochloride or isoxsuprine hydrochloride in pharmaceutical dosage 
forms is described. The specificity of the stability-indicating HPLC 
procedure is presented for nylidrin hydrochloride. 


Keyphrases Nylidrin hydrochloride-analysis, high-performance 
liquid chromatography, tablets, stability indicating Isoxsuprine hy- 
drochloride-analysis, high-performance liquid chromatography, tablets, 
stability indicating 0 Vasodilators, peripheral-nylidrin hydrochloride 
and isoxsuprine hydrochloride, high-performance liquid chromatographic 
analysis 0 High-performance liquid chromatography-analysis, isox- 
suprine hydrochloride, nylidrin hydrochloride, tablets, stability indi- 
cating 


Nylidrin hydrochloride (I, p -hydroxy-a- [ 1 - [ (1 -meth- 
yl-3-phenylpropyl)amino]ethyl]benzyl alcohol hydro- 
chloride). and isoxsuprine hydrochloride (11, p-hydroxy- 
N - [ 1 - [ ( 1 -methyl- 2-p henox ye th  yl) amino] e th  y 11 benz yl a1 - 
coho1 hydrochloride) are sympathomimetic agents that 
presumably act predominantly by P-adrenergic receptor 
stimulation (1). Analytical methods currently available 
include UV spectrophotometry (2), nonaqueous titration 
of the basic amine (2), colorimetry (3,4), and GLC after 
derivatization by silylation (5).  All of these methods except 
GLC lack analytical specificity or selectivity for the active 
drug substances and are, therefore, not suitable stabil- 
ity-indicating assays. 


Application of GLC for the derivatization of I was only 
partially successful because the derivatives formed were 
sometimes unstable. This result was demonstrated by 
precipitate formation accompanied by a decrease in peak 
area. The high-presssure liquid chromatographic (HPLC) 
method described in this paper is specific and provides 
direct and accurate determinations of I or 11, which could 
be used to evaluate pharmaceutical product stability. 


EXPERIMENTAL 


Apparatus-The high-pressure liquid chromatograph' was equipped 
with a microliter loop injector2, a reversed-phase column3, and a variable 
wavelength spectrophotometric detectora interfaced to an electronic 
integrat.0~5. 


Reagents-Nylidrin hydrochloride6, isoxsuprine hydrochloride', UV 
grade methanols, fluorenes, reagent grade dibasic ammonium phosphate, 
and phosphoric acidlo were used. 


1 Model 601, Perkin-Elmer Corp., Norwalk, Conn. 
2 Model 7120, Rheodyne Inc., Berkeley, Calif. 
3 pBondapak C l ~ ,  3.9 mm i.d. X 30 cm, Waters Associates, Milford, Mass. 
4 Model LC-55, Perkin-Elmer Corp., Norwalk, Conn. 
5 Model 3385 A, Hewlett-Packard, Paramus, N.J. 
6 USV Pharmaceutical Corp., Tuckahoe, N.Y. 
7 Mead Johnson and Co., Evansville, Ind. 
8 Bucdick & Jackson Laboratories, Muskegon, Mich. 
9 Aldrich Chemical Co., Metuchen, N.J. 


10 Fisher Scientific Co., Fair Lawn, N.J. 


I I 
6H3 


r 


AH A H C H c H 2 + ) . H c i  
I 
C% 


n 
Chromatographic Conditions-The mobile phase consisted of 


methanol-aqueous buffer (7525 v/v). The buffer was prepared by 
weighing 1.32 g of dibasic ammonium phosphate into a 1000-ml volu- 
metric flask and dissolving with distilled water. The final volume was 
adjusted to pH 7.5 with 85% phosphoric acid. The methanol and buffer 
were filtered separately through membrane filters" before mixing. The 
mobile phase flow rate was set at 1.5 ml/min. The column effluent was 
monitered by UV absorption a t  276 nm (maximum for both active in- 
gredients). 


Procedure-The internal standard stock solution was prepared by 
dissolving fluorene in the mobile phase at  0.5 mg/ml. A standard pair 


0.87 , . , . . .  . .  .. . . .  
* 0.67 . .  


.. 0. 0. 0 .  0.0. 0.00 


1-  7 T- T I - 1  7 r 
0 0.6 1 3 6 10 17 31 


MINUTES 
Figure 1-TLC of partially photothermal-degraded nylidrin and 
isoxsuprine as a function of exposure time. The intensity of the spots 
is indicated by size. Key: A-F, degradation products; 0 ,  nylidrin; and 
0, isoxsuprine. 


- 
* *  Type BD, Millipore Corp., Bedford, Mass. 
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Table I-Location of the  Photothermal Degradation Products (A-F) and Postulated Degradation Products of Nylidrin Hydrochloride 
an a Function of Retention Time 


Compound Structure Retention Time, min 


A 
p-Hydroxybenzoic acid 


B 


4-Hydroxybenzaldehyde 


4-Hydroxybenzyl alcohol 


p-Hvdroxyacetophenone 


p -Hydroxyephedrine hydrochloride 


a-(1-Aminoethy1)-p-hydroxybenzyl alcohol hydrochloride 


C 
Isoxsuprine hydrochloride 
Nylidrin hydrochloride 


1 -Methvl-3-phenylpropylamine 


Fluorene (internal standard) 


D 
E 
F 


HO-@-CM)H 


?H 


- 
I1 
I 


HWHCHCH+ 
I 


HCl 


1.6 
1.6 


2.1 


2.1 


2.2 


2.2 


3.4 


3.4 


3.6 
4.0 
5.2 


6.5a 


7.0 


9-10 
6 
6 


- 
- 


a Detected at 254 nm. * Not detected. 


solution of I (1.2 mg/ml) and fluorene (0.1 mg/ml) was made by accurately 
weighing -30 mg of previously dried I and quantitatively transferring 
it into a 25-ml volumetric flask. Five milliliters of the internal standard 
stock solution was pipetted into the volumetric flask and diluted to vol- 
ume with mobile phase. In a similar manner, a standard pair solution of 
I1 (1.0 mg/ml) and fluorene (0.1 mg/ml) was prepared. 


The respective active ingredients were extracted from tablet prepa- 
rations by finely powdering 20 tablets and weighing a portion of powder 
equivalent to -30 mg of I or -25 mg of I1 into 50-ml centrifuge tubes. Five 
milliliters of the internal standard stock solution was pipetted into each 
tube, and 20 ml of mobile phase was added. The tubes were sonicated for 
-2 min, shaken mechanically for 30 min, and centrifuged. Clear filtrates 
were obtained by filtering a portion of each supernate through membrane 
filtersll. 


RESULTS AND DISCUSSION 


Assay Selectivity-This HPLC assay was intended for stability 
testing in addition to finished product release testing. To be stability 
indicating, the method must discriminate between degradation products 
and the active ingredient. Preferably, a stability-indicating procedure 
should also quantitatively demonstrate the inverse relationship between 


Table 11-Linearity of I 


Peak Response 
Concentration, Area Ratio Factor 


mg/ml (I/Fluorene) Ratioa 


the decrease in the active ingredient and the increase in degradation 
products. 


To show that a method is stability indicating, degradation routes and 
the resulting products may be postulated and tested in the assay system 
for interference. Alternatively, the active ingredient may be subjected 
to severe conditions that simulate most modes of expected degradation, 
and the reaction products, if any, may be tested for interference in the 
method. Base hydrolysis, acid hydrolysis, and photothermal oxidation 
were chosen as the most likely modes of degradation. Proof of specificity 
was obtained only for I. The specificity for I1 and the structural eluci- 
dation of degradation products will be the subjects of a future publica- 
tion. 


Base Hydrolysis-A sample of I was dissolved in 1 N NaOH (2 g in 100 
ml), and 2-ml aliquots of this solution were placed in 10-ml tubes sealed 
with polytef-lined screw caps. The tubes were stored at  23 and 70' for 
96 hr. The contents were neutralized with acid and evaporated to dryness. 
HPLC showed there was no significant change in the amount of I since 
no measurable degradation was detected. A sample was then incubated 
in 1 N NaOH for 36 days a t  70'. The chromatograms revealed that the 
I peak remained unchanged; however, additional unknown peaks ap- 
peared with retention times of -2 min. 


Acid Hydrolysis-Two hundred milligrams of I was dissolved in 100 


Table 111-Linearity of 11 


Peak Response 
Concentration, Area Ratio Factor 


mg/ml (II/Fluorene) Ratio" 


0.90 
1.01 
1.10 
1.23 
1.33 
1.42 


0.70 
0.80 
0.88 
0.98 
1.07 
1.14 


0.078 
0.079 
0.080 
0.080 
0.080 
0.080 


0.31 
0.59 
0.92 
1.21 
1.52 
1.86 


0.36 
0.69 
1.06 
1.44 
1.80 
2.20 


0.116 
0.117 
0.115 
0.119 
0.118 
0.118 


a Slope = 0.84, RSD = 1.65%, and y intercept = 0.05. a Slope = 1.19, RSD = 0.84%. and y intercept = -0.01. 
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Table IV-HPLC and NF Analyses of Commercial Tablets 


Dosage 
Claimed. HPLC, NF, 


mgl mg/ mg/ 
Compound" Sample tablet tablet tablet 


1 
2 
3 


6.0 6.16 
6.0 5.87 
6.0 6.16 


5.98 
5.66 
6.06 


4 12.0 11.9 12.2 
I 5 12.0 12.1 11.5 
I 6 12.0 12.5 11.9 ~~. ~~ 


I i  7 10.0 9.81 9.98 
I1 8 10.0 9.94 9.98 
II 9 10.0 9.76 9.99 
I1 10 20.0 19.6 19.7 
I1 11 20.0 19.5 19.5 
I1 12 20.0 19.4 19.7 


0 Compounds I and I1 were obtained from different manufacturers. 


ml of 1 N HCI and refluxed for 2 hr. Aliquots were drawn after 1 and 2 
hr, neutralized with sodium hydroxide, evaporated to dryness, dissolved 
in mobile phase, and chromatographed. There was little difference in the 
number and size of peaks between the two time intervals; three, possibly 
four, small peaks had retention times of -1.5 min. The apparent lack of 
any dependency on reaction times probably meant that the degradation 
products did not arise from acid treatment alone but from pyrolysis 
during the drying step. 


Photothermal Decomposition-An alternative approach degraded 
I in a few minutes. Compounds I (320 Fg/spot) and II (160 pghpot) were 
applied to a 250-pm silica gel GF plate1* and irradiated with intense UV 
lightz3 (heat also was emitted from this UV source). The plate was de- 
veloped using chloroform-methanol+oncentrated ammonium hydroxide 
(90  15:15). 


Figure 1 clearly shows the decrease in I and I1 as well as the concomi- 
tant increase in degradation products in both numbers and intensity as 
a function of exposure time. Since the formation of degradation products 
(A-F) under the same stress conditions was nearly the same for both 


m 
k 


0 5 10 
MINUTES 


Figure 2-High-pressure liquid chromatogram of nylidrin hydro- 
chloride. Key: A, nylidrin hydrochloride; and B ,  fluorene (internal 
standard). 


12 Analtech, Newark, Del. 
13 Model 420-Ull, George W. Gates & co., Long Island, N.Y. 
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Figure 3-High-pressure liquid chromatogram of partially degraded 
nylidrin hydrochloride. Key: A, major degradation product (labeled 
previously as Product B); B, nylidrin hydrochloride; and C, fluorene 
(internal standard). 


compounds, the presence of an ether linkage in I1 compared to I does not 
confer additional degradation paths on the former compared to the latter. 
However, one degradation product (Rf 0.75) originated from I1 only. The 
retention times of the degradation products isolated from TLC, known 
compounds, I, and 11 are listed in Table I. 


To test the selectivity of this method, I was assayed to establish potency 
(Fig. 2). A portion of this powder was spread thinly on a glass plate and 


m 


z 
3 


k 


I 


c 


L 
I 
0 6 10 


MiNUfES 


Figure 4-High-pressure liquid chromatogram. Key: A, isorsuprine 
hydrochloride; B, nylidrin hydrochloride; and C,  fluorene (internal 
standard). 
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photothermally degraded by irradiating with intense UV light13 for 30 
min. A 100-mg sample of partially degraded I was accurately weighed, 
quantitatively transferred into a 50-ml volumetric flask, and dissolved 
in methanol. Then 20.0- and 15.0-ml aliquots were removed, the solvent 
was evaporated, and the sample was reassayed (Fig. 3). The recovery was 
101% by the official NF XIV assay but only 33% by HPLC. The system 
selectivity is demonstrated further in Fig. 4, where I is resolved from 11. 
These compounds are very similar in structure, size, and polarity. 


Statistical Evaluation-The linearity of typical standard curves is 
summarized in Tables I1 and 111. The response factor ratios, defined as 
the area ratio (active ingredient/fluorene) times the concentration ratio 
(fluorene/active ingredient), were quite constant for all concentrations. 
Precision was demonstrated by a relative standard deviation of 0.4% for 
nine replicate injections. Analysis of active-placebo mixtures demon- 
strated the accuracy of the proposed method with an average 99.1% re- 
covery. 


The experimental data shown in Table IV were obtained on randomly 
selected commercial tablet samples. Each sample was analyzed by the 
HPLC method and by the official NF XIV procedures. The results from 
both methods are comparable, but since the HPLC method has been 


shown to be a stability-indicating assay, it is more selective than the NF 
method and more accurately reflects true tablet potency. 
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Abstract 0 Solubility determination of organic molecules having very 
low solubilities is hampered by such problems as slow equilibration during 
measurement, influence of impurities, and inherent heterogeneity in the 
energetic content of the crystalline solid. Three approaches to meeting 
these problems are presented. The first approach involves enhancing the 
dissolution rate by the addition of a water-immiscible solvent in which 
the organic solute is more soluble, thereby increasing the surface area 
available for dissolution. The second method is a combination of exper- 
imental data with a group contribution approach that allows the esti- 
mation of extremely insoluble solids. This approach involves measure- 
ment of the solubility in an organic solvent and calculation of the aqueous 
solubility from the estimated partition coefficient and the organic solvent 
data. The third approach is based on using a large excess of the solid and 
a highly specific analytical determination of the main component. The 
first two approaches were explored in detail and tested using norethin- 
drone, norethindrone acetate, methyltestosterone, and methyltestos- 
terone acetate. 


Keyphrases 0 Solubility determinations-organic solids, barely aqueous 
soluble, group contribution, partition coefficient Organic solids- 
solubility determinations, barely aqueous soluble, group contribution, 
partition coefficient 0 Aqueous solubility-organic solids, barely soluble, 
solubility determination 


The solubilities of solids are very useful parameters in 
the daily practice of chemistry and pharmacy. Solubility 
information is particularly vital in formulating products, 
developing analytical methods, chemical processing, pre- 
dicting ecological impact, and assessing drug transport and 
distribution problems. 


Solubility determination of solids that are moderately 
soluble, ie.,  1 0.2%, normally poses no serious problem. 
Direct solubility measurement of solids having very low 
solubilities involves special difficulties, which can lead to 
large discrepancies in reported values. For example, the 
reported solubility of cholesterol in water ranges from 


0.025 to 2600 pglml(1). This paper is concerned with an 
analysis of these problems and offers several approaches 
for overcoming them, particularly for determinations 
carried out in water. 


BACKGROUND 
Equilibration Kinetics-The low equilibration rate during solubility 


measurement of slightly soluble species presenta a serious problem which 
has not been adequately addressed from an experimental standpoint. 
The solubility of a solid in a given solvent is the amount that goes into 
solution at  equilibrium at  some selected temperature. Since it is impos- 
sible to attain a true equilibrium state in real life, in practice, results are 
reported for systems that are reasonably close to equilibrium. Such sit- 
uations are not particularly difficult to attain for moderately soluble 
substances. An aqueous suspension of benzoic acid crystals, for example, 
probably reaches a near equilibrium state with moderate stirring a t  25’ 
within a few hours. The exact rate depends on the fineness of the crystals, 
the amount of solid added, and the degree of agitation. 


According to various studies on dissolution kinetics, the classical 
equation (Noyes-Whitney) (2, 3) appears to be an empirically useful 
relationship. A simplified.form of the equation for situations where the 
various geometric factors are essentially held constant can be written 
as: 


dc - = k(C, - C )  (Eq. 1) dt 
where d d d t  is the rate of increase in the solute concentration, k is a 
constant, C, is the solubility, and C is the solute concentration in solution. 
Upon integrating, one obtains: 


c - c  
C, 


In’= -kt (Eq. 2) 


Under these conditions, the kinetics suggest an approximately first-order 
approach to mturation, with a given degree of saturation being achieved 
somewhat independently of the solid being studied. Under experimental 
conditions, however, unless a substantial excess of the solid is used, the 
effective surface area will decrease significantly during the dissolution 
process, with a corresponding delay in the attainment of equilibrium. 
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Figure 2-Chromatogram of sulfamethoxazole, trimethoprim, and 
related compounds. Conditions were: column, MicroPak CN-10; mobile 
phase, met hand-ethyl acetate-diethylamine-heptane (16:8:1:75); and 
flow rate, 1.0 mllmin. Kpy: 1 ~ trimethoprim precursor A; 2, trimethoprim 
precursor R; 3, trimethoprim; 4, N’-acetylsulfamethoratole; 5, sulfa- 
nilamide; 6, sulfamrthoxazole; and 7, isosulfamethoxazole. 


from the compounds of interest using the system without diethylamine; 
sulfanilic acid was eluted after all of the other sulfa compounds. 


In some instances, 0.1 N HC1 in methanol was chosen as the extraction 
solvent to ensure complete extraction of the drug substances from the 
matrix. Comparison of the H P I X  results with results obtained using wet 
chemical procedures is made in Table I. Peak height responses uersus 
amounts injected were linear for the formulation ranges for all compo- 
nents; however, deviations from linearity were found for many constit- 
uents when very high amounts were injected. Using the procedures de- 
scribed in this report, detection limits in the nanogram range were ob- 
tained. The determination of any compound tested in Table I, alone or 
in combination with another active drug substance, had a relative stan- 
dard deviation of f1.2%. An exception was found for the determination 
of trimethoprim and sulfamethoxazole formulated together, where the 
relative standard deviation was 52.5%. 


To ensure column-to-column duplication of the separation, three 
columns from the same supplier were evaluated. Differences in compo- 
nent retention times were noted with these columns, but only a slight 
modification in the mobile phase ratio was needed to effect resolution 
within a reasonable time. 


In summary, the HP1.C method presented was reliable, reproducible, 
rapid, and specific and should be useful for sulfa drug determinations 
in tablets, solutions, creams, and suspensions. 
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Antibacterial Activity of Artemisia herba-alba 
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Abstract 0 The antibacterial activity of Artemisia herba-alba was in- 
vestigated. Only its essential oil was active against some Gram-positive 
and Gram-negative bacteria. The essential oil was fractionated by column 
chromatography, and these fractions were tested for antibacterial activity. 
The principal component of the most active fraction was santolina al- 
cohol. 


Keyphrases 0 Artemisia herbo-atba-antibacterial activity, essential 
oil, column chromatography Antibacterial activity-evaluated for 
Artemisia herba-alba essential oil, column chromatography 0 Folk 
medicine-Artemisia herba-aha, antibacterial activity of essential oil 


Artemisia herba-alba AS SO.^, known as the desert 
wormwood, is a dwarf shrub growing in North Africa and 


the Middle East. This plant is used by the local population 
as an anthelmintic and for other purposes in folk medicine 
such as relief of coughing. intestinal disturbances. colds, - 


Plant material was collected and identified as Arternisia herba-alba Asso. 
(Compositae) by Dr. Avinoam Ilanin, Department of Botany, The Hebrew Uni- 


collected for this investi ation is available for inspection at the Department of 
Pharmacognosy (Dr. R. jeegal), School of Pharmacy, The Hebrew University, Je- 


measles, and muscle welkness. 


aerial parts of this plant and their structures were estab- 
versity, Jerusalem, Israel. A voucher specimen (AHA-1) representing material 


rusalem, Israel. 


Recently, several compounds were isolated from the 


lished. These compounds were the sesquiterpene lactones 
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santonin (21, herbolides A, B, and C (3), and a flavone de- 
rivative (4). Santonin is well known as a “vermifuge” ( 5 )  
and is probably responsible for the anthelmintic activity 
of A. herba-alba. No other biological activities of A. 
herba-alba or of compounds isolated from it have been 
reported. 


Because the plant extracts were never contaminated 
with microorganisms, even after staying at  room temper- 
ature for very long periods, the antibiotic activity of A. 
herba-alba was investigated. 


EXPERIMENTAL 


Extraction of Plant Material-A. herba-alba was collected near 
Sde-Boker (Negev desert), Israel. The dried flowers, leaves, and small 
stems (5 g) were crushed and extracted with methanol in a soxhlet ap- 
paratus. The waxy materials, which precipitated after cooling, were fil- 
tered and discarded. The methanol was evaporated, and the dark-green 
residue was dissolved in methanol to a defined concentration. 


Steam Distillation of Plant Material-The dried flowers, leaves, 
and small stems (100 g) of Artemisia were crushed and steam distilled. 
The oil yield was about 1%. The plant material left after steam distillation 
was filtered, dried at 40°, and extracted with methanol as described. 


Column Chromatography of Distillate-The volatile oil (200 mg) 
was chromatographed on a 10-g silica gel column and eluted with meth- 
ylene chloride. The column was monitored by TLC, and five crude frac- 
tions were collected. These fractions were screened for antibiotic activities 
without further purification. 


Bacterial Strains-The bacterial strains2 used were: Staphylococcus 
aureus3, Escherichia coli4, Salmonella typhosa6, Shigella sonnei8, and 
Streptococcus hemolyt icus ’. 


Antibacterial Activity Detection by Disk Method-The essential 
oil and its fractions were diluted with methanol to a concentration (per 
milliliter) that was 100-fold the amount applied on the disks. Paper disks8 
of 6-mm diameter were impregnated with 0.01 ml of these solutions. The 
tested bacterial strains (0.1 ml of a log phase suspension of lo9 cells/ml) 
were spread on petri plates containing nutrient agars. The dried im- 
pregnated disks were placed on the inoculated plates. The plates were 
incubated at  37O for 24 hr, and the inhibition zones were measured. 


Antibacterial Activity Assay in Liquid Cultures-The preparations 
were dispersed in 2% dimethyl sulfoxide (5 mg/ml), and 15 ml of this 
solution was added to 7.5 ml of sterile nutrient broths. Further dilutions 
were made by the transfer of 4.5 ml of the solution to 4.5 ml of sterile 
nutrient broth. Similar dilutions were made from 2% dimethyl sulfoxide 
as a control. The suspension (0.1 ml) of the tested bacterial strains (lo4 
log phase cells/ml) was added to each tube, and the cultures were incu- 
bated at  37O for 24 hr. Turbidity was measured by a photometer10 at  420 
nm. The absorption of the uninoculated control was subtracted. 


2 Taken from the strain collection of the De artment of Clinical Bacteriology, 
The Hebrew University-Hadassah Medical S c ~ m l ,  Jerusalem, Israel. 


3 Identified as Gram-positive cocci, which fermented mannitol and coagulated 
plasma. 


4 Identified as motile Gram-negative rods, which fermented lactose, produced 
acid from glucose (methyl red test) and indole from tryptophan, utilized citrate, 
and did not produce acetoin (Voges-Prosqauer test). 


6 Identified as motile Gram-negative rods, which did not ferment lactose, pro- 
duced acid but no gas from glucose and mannose, and produced hydrogen sulfide 
from thiosulfate. 


6 Identified a8 nonmotile Gram-negative rods, which fermented mannitol and 
lactose. 


7 Identified as Gram-positive cocci, which produced a-hemolysis on blood 
agar. * Whatman. 3M. 


9 Difco. 
10 Klett-Summerson photoelectric colorimeter, Klett Manufacturing Co., New 


York, N.Y. 


Table I-Antibacterial Activity of Various Plant Fractions 
Tested by the Disk Method 


Fraction 
Diameter of Growth Inhibitiona, mm 


S. aureus E. Cali 


Whole plant extract 
Essential oil (2.5 mg) 
Residue extractc (2.5 mg) 


14 
18 
6d 


- 


11 
13 
6 


Including 6-mm diameter of the disk. 6 By an amount extracted from 1 g of dry 
Extract of the residual material after steam distil- plant material as described. 


lation. Lack of activity. 


Table 11-Inhibition. of Growth of Various Bacterial Strains in 
Liquid Cultures by the Essential Oil 


Essential 
Oil Concen- 


tration, S. E. Sal. Sh. St. 
mg/ml aureus coli typhosa sonnei hemolyticus 


0.8 100 50 100 78 100 
0.4 40 26 73 67 100 
0.2 0 16 64 55 73 
0.1 0 6 45 45 46 
0.05 0 0 45 45 36 


Inhibition was determined by the dilution method described and is expressed 
as percentage of decrease in culture turbidity from the turbidity of the control 
culture. 


Table 111-Antibacterial Activity of Essential Oil Fractions 
against S. aureus Tested by the  Disk Method 


Diameter of Growth 
Fraction Inhibitiona, mm 


1 6b 
2 14 
3 56 
4 .  16 
5 16 


a Including 6-mm diameter of the disk. Each disk contained 1 mg of material. 
b Lack of activity. 


RESULTS AND DISCUSSION 


The aerial parts of A. herba-alba were tested for antibacterial activities. 
The antibiotic activity observed for the whole plant extract was con- 
centrated in the essential oil (Table I). The oil inhibited the growth of 
five bacterial strains (Table II), both Gram positive (S. aureus and St. 
hemolyticus) and Gram negative (E. coli, Sat typhosa, and Sh. sonnei). 
St. hemolyticus was slightly more sensitive to the oil than were the other 
tested organisms. 


For the detection of the active antibacterial principle, the oil was 
subjected to column chromatography. Five fractions were collected ac- 
cording to their polarity and were tested for antibiotic activity by the disk 
method. E. coli and S. aureus were selected as representatives from 
Gram-negative and Gram-positive bacteria. The results (Table 111) in- 
dicate that only fraction 3 possessed significant antibiotic activity, so the 
chemical composition of this fraction was investigated. Repeated column 
chromatography yielded a pure compound, which was identified as 
santolina alcohol (I) by its optical rotation value and IR and NMR spectra 
(6). 
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Abstract  a The concept of complex selectivity (St) permits the inves- 
tigation of quantitative structure-selectivity relationships in the presence 
of n side effects; S: permits differentiation of the most selective molecules 
rather than the most active ones in a congener series. Selectivity quan- 
tification in the presence of n side effects facilitates molecular compar- 
isons. The information provided by S: and its changes with increasing 
n is discussed. The proposed mathematical model is applied to the study 
of the selectivity of some antibiotics and antibacterial agents. 


Keyphrases o Structure-selectivity relationships-penicillins, alkyl- 
chlorophenols, drug design, bioavailability, structure-activity relation- 
ships Penicillins-structure-selectivity relationships, bioavailability 


Alkylchlorophenols-structure-selectivity relationships, bioavail- 
ability Drug design-structure-selectivity relationships, penicillins, 
al kylchlorophenols 0 Antibacterials-structure-selectivity relationships, 
penicillins 


Researchers working on quantitative structure-activity 
relationships have been mainly examining the most active 
compound, the one that produces the highest activity 
characteristic of a series of congeners. Insufficient care has 
been given to rational drug design. 


Identification of the most active molecule is insufficient 
for therapeutically useful drug design. The ideal compound 
must be as specific and selective as possible, with minimal 
side effects. This aim can be achieved by generalizing some 
results obtained by previous investigators (1-3). These 
studies extended the multiparameter Hansch analysis (4) 
to the study of selectivity, taking only one side effect into 
account. 


The purpose of this work was to extend this approach 
to the study of n side effects considered simultaneously 
with the main effect. With the proposed method, isolation 
of the most selective compounds rather than the most ac- 
tive ones in a series of molecules is possible. 


This work is a contribution to the development of a 
general mathematical model for forecasting overall drug 
action and for quantifying biopharmacological activities 
in order to direct, a priori, the synthetic work toward 
molecules with optimal therapeutic characteristics. 


THEORETICAL 


In a series of pharmacologically active congener molecules, all pro- 
ducing the same range of effects but having different intensities from 
molecule to molecule, the overall effect, E,,, of each molecule can be ex- 
pressed as a function of the combined single effects: 


E,  = / ( E m ,  E l ,  . . . E l , .  . . E n )  (Eq. 1 )  


where Em is the main effect and E, represents the n undesirable side 
effects. 


The application of the Hansch approach to each single effect for the 
whole series gives: 


(Eq. 3) 


(Eq. 5) 1 E ~ :  log - = aon + 9 aJnxJn cn I' 1 


where 1 < i < n and r, is the number of parameters in the i th equa- 
tion. 


The therapeutic index or selectivity, S,, of each molecule relative to 
the i th side effect usually is described (5) as the quotient between a 
standard concentration, C,, that  produces a side effect, E l ,  with a given 
intensity and an  effective standard concentration, Cm, relative to the 
main effect, Em: 


n 


A high selectivity, i.e.. a high S, value, depends on a relatively large nu- 
merator and a small denominator of Eq. 6. By taking the logarithms, Eq. 
6 becomes: 


n 


(Eq. 7) log si = log 7 Li 


L m  


Enlarging a summation to the n selectivities gives: 
n Ci E logs; = E log - (Eq. 8a)  


i = 1  C m  


or: 


ii ci 
i =  1 ,y log sj = log - 


( C m  )" 
(Eq. 8b) 


where the logarithmic fraction on the right side is the "complex selec- 
tivity" and is indicated by the symbol S: where n is the number of side 
effects studied contemporaneously with the main effect. In this way, one 
can speak of first-, second-, . . . , nth-order complex selectivity according 
to the number of side effects simultaneously considered. Therefore, Eq. 
86 can be rewritten: 


I"I Ci 


(Cm)"  
1=1 


logs: = log- (Eq. 9a) 


or: 
I n 1  


logs: = n log- - t: log(_ (Eq. 96) 
Cm , = I  i 


If'the various C,'s and C,'s in Eq. 9h are suhstituted by their functional 
expressions as represented by Eqs. 2-5, the following is obtained: 


logs: = n aom + 2 aJ,xJ.) - 2 2 aJ1xJ, - 2 aol (Eq. 10) ( J = I  I= 1 J =  1 1 = 1  


The series of values of physicochemical parameters that maximizes 
Itrg 5': should identify the molecule whose action is the best compromise 
between therapeutic activity and side effects. This calculus method of 
complex selectivity is based on the linear combination of the single linear 
combinations that correlate the main effect and the side effects with their 
relative physicochemical parameters. In synthesis, this calculus method 
of quantitative structure-selectivity relationships presumes knowledge 
t i f  the structure-activity relationships. 


A different approach may consist in direct analysis of the eventual 
correlation between all of the experimental data properly combined ac- 
cording to Eq. 9a or 96 in a series of log S: values and the physicochemical 
parameters: 


r 


I 
logs: = (10 + 23 n,x, (Eq. 11) 


Equation 1 I is a generalization of Eq. 10. 


0022-3549f 791 0900- 108 1$0 1. OOf 0 
@ 1979, American Pharmaceutical Association 


Journal of Pharmaceutical Sciences f 1081 
Vol. 68, No. 9, September 1979 







Table I-Penicillins: Compounds, Constants, Activities, and Observed and Calculated Values of Log S :  


Activityb against Log St, Eq. 12c Logs:, Eq. 13" LogSE,Eq. 14' 
Compound R: S. aureus E. coli T. pallidurn 0bs.f Calc. 0bs.f Calc. 0bs.f Calc. 


I Dicloxacillin 
I 1  Nafcillin 


111 Cloxacillin 


1.63 4.23 0.66 4.89 2.91 3.43 3.57 3.95 -0.66 -0.52 
1.39 3.72 0.72 4.54 2.18 2.95 3.00 3.58 -0.82 -0.63 
1.34 4.10 0.86 4.85 2.49 2.85 3.24 3.50 -0.75 -0.65 


IV Oxacillin 1.05 3.98 0.93 4.84 2.19 2.27 3.05 3.05 -0.86 -0.78 
V Phenethicillin 1.03 4.80 1.06 5.10 3.44 2.23 3.74 3.02 -0.30 -0.79 


-0.64 -0.85 
VII Benzylpenicillin 0.55 4.85 2.09 5.76 1.85 1.27 2.76 2.28 -0.91 -1.01 


VlII Methicillin 0.47 3.15 0.85 4.50 0.95 1.11 2.30 2.15 -1.35 -1.04 
IX Ampicillin 0.08 4.35 3.10 5.43 0.17 0.33 1.25 1.55 -1.08 -1.22 
X Methylenampicillin -0.29 3.87 2.94 5.14 -0.34 -0.41 0.93 0.98 -1.27 -1.38 


XI Carbenicillin -0.46 3.45 3.12 5.16 -1.38 -0.75 0.33 0.71 -1.71 -1.46 


Chromatogra hic parameters. See Ref. 6, p. 513. * The biolo ical activity is ex ressed as log 1/C, where C is the molar ( m M  X LO-*) concentration of each antibiotic 
that gives an inhitition diameter of20 mm. See Ref. 6 .  p. 513. <%quation 12: log b: = 2.00 (f0.67) R, + 0.17 (i0.65). Equation 13: log S: = 1.55 ( f0 .47)  R, + 1.43 
( f0 .45) .  


Table 11-AlkvlchloroDhenols: Comoounds. Constants. Activities. and Observed and Calculated Values of Log Sf 


VI Penicillin V 0.89 5.14 1.72 5.78 2.78 1.95 3.42 2.81 


Kquation 14: log St = 0.45 (f(l .25) H, - 1.25 ( f0 .24) .  I Equation 96. 


Log Sf, Log s:, 
Eq. 19' 


Obsb  Calc. 


Logs:, 
Eq. 17d 


0bs.f Calc. 


0.00 0.08 
0.00 -0.08 
0.08 -0.09 
0.00 0.05 
0.26 0.33 
0.51 0.77 
0.82 0.58 
1.73 1.35 
0.07 0.21 


-0.04 -0.10 
-0.06 -0.04 


0.04 0.18 


0.01) -0.02 


n.5fi 0.54 


Eqr 15. 
Obs.6 Calc. 


Activityb Against 
S-s S. typhosa S. hemo1.yticu.s Comwund 


~ 


-0.01 0.08 
0.05 0.05 


0.08 0.01 
0.01 0.01 


-0.04 0.02 
0.00 0.01 


-0.03 0.04 


0.04 0.02 


XI1 4-Chloro 
XI11 4-Chloro-2-methyl 
XIV 4-Chloro-2-ethvl 


2.39 
2.89 
3.39 


0.77 0.77 0.78 
1.28 1.28 1.23 
1.76 1.68 1.72 


-0.01 0.16 
0.05 -0.03 
0.12 -0.07 
0.08 0.06 
0.27 0.34 
0.47 0.79 


XV 4-Chloro-2-n- "ropy1 
XVI 4-Chloro-2-n-gutyl 


XVII 4-Chloro-2-n-amyl 
XVIII 4-Chloro-2-sec-amyl 


XIX 4-Chloro-2-hexyl 


XXI 2-Chloro-4-methyl 
XXII 2-Chloro-4-ethyl 


XXIlI 2-Chloro-n-propyl 
XXIV 2-Chloro-4-n-butyl 
X X V  2-Chloro-4-n-amyl 


XXVl 2-Chloro-4-lert-amyl 
XXVII 4-Chloro-3-methyl 


XXVIII 4-Chloro-3,5-dimethyI 
XXIX 4-Chloro-6-ethyl-3-methyl 
X X X  4-Chloro-6-n-propyl-3-methyl 


XXXI 4-Chloro-6-isopropyl-3-methyl 
XXXII 4-Chloro-2-ethyl-3,5-dimethyl 


XXXIII I-Chloro-6-.sec-hutyI-3-methyl 
XXXIV 4-~hloro-2-iso~roov~-3.5-dimethv~ 


X X  2-Chloro 


3.89 
4.39 
4.89 
4.69 
5.39 
2.15 
2.65 
3.15 
3.65 
4.15 
4.65 
4.33 
2.95 
3.51 
3.95 
4.45 
4.25 
4.51 
4.77 
4.81 


2.23 2.23 2.15 
2.70 2.44 2.69 
3.03 2.52 3.07 
2.82 2.00 2.82 0.82 0.59 
3.45 1.72 3.48 1.70 1.39 
0.60 0.53 0.43 0.24 0.31 
1.06 0.98 0.93 0.21 0.04 


0.17 0.10 
0.13 O.Ofi 
0.02 0.03 


-0.03 0.02 
1.42 1.46 1.40 
1.77 1.83 1.80 


-0.02 -0.07 
-0.09 -0.02 


0.07 0.19 
0.67 0.55 
0.54 0.30 
0.03 -0.04 


-0.10 -0.05 
-0.15 0.08 


0.24 0.39 


2.27 2.23 2.24 
2.78 2.22 2.67 
2.42 1.83 2.47 


0.03 0.01 
0.11 0.01 


-0.05 0.01 
0.00 0.04 


-0.03 0.02 
-0.04 0.01 


0.06 0.01 
0.04 0.01 


0.59 0.29 


-0.07 -0.07 
0.03 -0.09 1.24 1.21 1.24 


1.63 1.70 1.66 
1.96 2.07 2.00 
2.60 2.42 2.54 


-0.11 0.07 
0.18 0.31) 
0.15 0.24 


- ~~ 


2.47 2.32 2.43 
2.32 1.96 2.27 
2.86 1.96 2.85 


0.19 0.25 
0.41 0.43 
0.91 0.66 
0.58 0.70 


~~ ~ ~. 


0.36 0.42 
0.90 0.65 
0.58 0.69 


0.05 0.01 
0.01 0.02 
0.00 0.02 2.82 2.24 2.82 


XXXV 4-Chloro-6-di~thyjmethyl-3-metf;yl 5.25 3.19 1.78 3.10 1.50 1.20 1.41 1.17 0.09 0.03 
XXXVI ~l-Chloro-fi-isopropyl-2-ethyl-3-methyl 5.25 2.66 2.11 2.60 0.61 1.20 0.55 1.17 0.06 0.03 


XXXVII ~-Chloro-2-sec-hutyl-3,5-dimethyl 5.31 3.11 1.81 3.10 1.31 1.28 1.30 1.25 0.01 0.03 


The biological activity is expressed as log PC', where W' is the phenol coefficient converted to a molar basis. 
See Ref. 7, pp. 431, 432. The biological activity is the minimum concentration effective in 10 min. See Ref'. 8, p. 2677. Equation 15: log .S:= -2.07 (iO.81) log P + 0 . 3  
(f0.10) (log [')2 + :3.;{0 (f1.51).  d Equation 17: log S:= 1.89 (f0.82) log f + 0.30 ( f i l . 11 )  (1og f )* + 2.90 (+=I.X?). Y Equation 1% log S: = -0.18 (f0.W) log f + 0.02 (*0.(W 
(log / ')2 + 0.39 (i0.37). I Equation 96. 


Table 111-Penicillins: Regression Equations Generated from Table I Data According to Eq. 1 I 


0 Octantil-water partition ctaff'icients. See Ref. 7, p. 4X2. 


Equation" r Y EV F P 


Main effect: against S. aureus 12. log Sf = 2.00 (f0.67)Rm + 0.17 (f0.65) 0.91 0.66 0.81 43.82 <0.01 
Side effect: against E. coli 13. log St = 1.55 (f0.47)Rm + 1.43 (f0.45) 0.93 0.46 0.84 53.60 <o.o 1 
Side effect: against T. pallidurn 14. log St = 0.45 (f0.25)Rm - 1.25 (34.24) 0.80 0.25 0.60 15.68 <0.01 


" n  = 11 


When one considers only one side effect, i.e., when n = 1, the meaning 
of' log S: is obvious; it expresses the relationship between the main effect 
and the side effect in a qualitative and quantitative way. If log S: is 
positive, it means that the main effect prevails over the side effect and 
the value of log S: indicates on a logarithmic scale to what extent the 
liwrner is superior to the latter. If, on the contrary. log S: is negative, the 
side effect is stronger than the main effect. When the value of log S: is 
near zero, the effects are of similar intensities and, therefore, the mole- 
cules are hardly selective. The larger the absolute value of s:, the greater 
is the prevalence of one effect over the other. 


I f  n > 1, i .e. ,  if more than one side effect is considered at a time, the 
question becomes more complicated. If n = 2 and log Sf > 0 starting from 
Eq. 9b, the following is obtained: 


This relationship holds for three different situations. In Case A: 
1 I 


log - > log - c, c, 
1 1 


log - > log - c, CI, 


log - > log - 
c m  C I  


In  Case B: 
I 1 


1 1 
log - < log - 


C", C2 
with: 


( I  7 C m  cs ( ( m  


1 1 
log - < log - < 2 log y- - log y 
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Table IV-Alkylchlorophenols: Regression Equations Generated from Table I1 Data According to Eq. 11 


Equationa r s E V F  P 


Main effect: against S. aureus 15. log S: = -2.07 (fO.81) log P + 0.32 (fO.lO)(log P)2 + 3.30 (f1.51) 0.91 0.21 0.81 55.63 <0.01 
16. log S,' = 0.39 (f0.15) log P - 1.16 (f0.63) 0.73 0.35 0.51 27.28 <0.01 


Side effect: against S. typhosa 17. logs: = 1.89 (f0.82) log P t 0.30 (*O.ll)(log PIz t 2.90 (f1.52) 0.91 0.22 0.81 54.68 <0.01 
18. log 5': = 0.40 (10.15) log P - 1.25 (f0.61) 0.75 0.33 0.55 31.91 <0.01 


Side effect: against S. 19. log S: = -0.18 (f0.20) log P + 0.02 (fO.O3)(10g P)2 + 0.39 (f0.37) 0.42 0.05 0.11 2.49 >0.1 
hemolyticus 20. log s: = -0.02 (10.02) log P t 0.09 (fO.10) 0.26 0.06 0.03 1.77 >0.1 


a n = 26. 


In Case C: 


1 1 log - < log - 
C m  C1 


1 1 log - > log - 
C m  CZ 


with: 


Case A is the situation of a molecule whose main effect is stronger than 
the two side effects. In Cases B and C, the main effect is stronger than 
one side effect but not the other. Nevertheless, under the given conditions, 
the value of log S,' is greater than zero. In these cases, the sign of log St 
indicates that the main effect prevails over the sum of the two side effects. 
However, it is not possible to establish with certainty if the main effect 
is greater than one single side effect or if it is greater than both of 
them. 


In an analogous way, it can be stated that the undesired side effects 
in their totality are more intense than the main effect when log Sf< 0, 
but the latter could be stronger than one of the former. 


These considerations can be extended to cases where n > 2. Generally, 
with increasing n ,  one will obtain less information from log S:. Never- 
theless, the absolute value and the sign of log S: can give useful infor- 
mation about the prevalence of the main effect or of the total of the side 
effects. 


During drug design such information should he able to direct the 
synthetic work toward molecules with the highest forecasted logs: val- 
ues. However, more detailed knowledge of the molecular action may re- 
quire comparing each effect with the main effect by studying the trend 
of  the corresponding series of log S: values. 


EXPERIMENTAL 


The applicability of the proposed model was tested using literature 
data regarding a group of penicillins (6) and a larger group of alkylchlo- 
rophenols (7). Data on the activities of the pencillins against Staphylo- 
coccus aureus, Escherichia coli, and Treponerna pallidurn and of the 
alkylchlorophenols against S. aureus, Salrnonella typhosa, and Strep-  
tococcus hemolyticus were available. 


Methods-None of the activities produced by the two series of mole- 
cules could be considered strictly as side effects. Nevertheless, these 
examples were chosen because exact quantitative data on undesired side 
effects are often unavailable. 


Moreover, the definition of a pharmacological activity as a side effect 
is not always univocal and absolute but can depend on contingent re- 
search requirements. Furthermore, the aim of this study was to focus on 
the separability of the single effects more than on their specific charac- 
teristics. Therefore, the cases illustrated have essentially a paradigmatic 
value and show how the mathematical model can be applied and what 
conclusions can be deduced from it. 


In both cases, one of the activities was taken arbitrarily as the main 
effect and the others as side effects. By comparing contemporaneously 
the main effect with the two side effects, the observed log Sf and the 
relative regressions were obtained. The observed values of log St and the 
corresponding regressions were obtained by comparing the main effect 
with each single side effect. 


Penicillins-The experimental data on the activities against S. aureus, 
K. coli, and 7'. pallidurn and the values of the chromatographic parameter 
H, were those published previously (6). The same paper (6) reported the 
methods of culturing and preparing the micrtwrganisms for the tests. The 
activity arbitrarily considered as the main effect was the one against S. 
aurws.  These data are given in Tahle I together with the observed and 


calculated values of log S:. 
Alkylchlorophenols-The data on the activities aginst S. aureus, S. 


typhosa, and S. hemolyticus and the values of the physicochemical pa- 
rameter log P were those provided in the literature (7,8). The bacterio- 
logical techniques were the same as those used by the U.S. Department 
of Agriculture (9) and have been reported (10). As in the preceding ex- 
ample, the activity against S. aureus was arbitrarily chosen as the main 
effect. The biological data are given in Table 11, together with the relative 
values of log S:. 


Regression Analysis-The regression equations were generated by 
the least-squares method (1 1). The relative calculations and the statistics 
were performed by an HP-97 desk minicomputer. 


The values of R ,  and log P are given in Tables I and 11, respectively. 
The reported statistics are r, s, the explained variance EV, F values, and 
p levels. The significance of the regression coefficients was tested a t  the 
p < 0.05 level by the t test. 


RESULTS 


The observed values of log S: were obtained from Eq. 96. These values 
were correlated directly with the physicochemical parameters according 
to Eq. 11. 


The regressions used to calculated log S: were generated from the data 
of Tables I and I1 are are reported in Table I11 for the penicillins and in 
Table IV for the alkylchlorophenols. In this last case, since the intro- 
duction of (log P)2 improved the statistics, the calculated values of log 
S: reported in Table I1 are from Eqs. 15, 17, and 19 of Table IV. 


DISCUSSION 


The first point that can be deduced from the results is the possibility 
of correlating directly the selectivity of congener molecules, expressed 
as log S:, and the structural physicochemical parameters. This was clear 
from the regression statistics. 


Second, the observed log S,' values identified the most selective mol- 
ecules, even if they were not the most active ones. In fact, from Table I 
it is evident that I and V are the most selective compounds in their action 
against S. aureus whereas the most active molecule is VI, which is not 
as selective as the first two. Similarly, the least seiective molecule is XI, 
whereas the least active one is VIII. 


The values of log Sf calculated according to Eq. 12 confirm these 
conclusions with good approximation, even if there is some contradiction 
with the ohserved values. This example belongs to Case B (see Theo- 
retical), where the main effect is stronger than one of the side effects hut 
not as intense as the other one. This is indicated clearly by the trend of 
the observed and calculated values of log S,! relative to Eqs. 13 and 14. 
The values relative to Eq. 14 are all negative, indicating that the side 
effect against 7'. pallidurn is more intense than the main effect against 
S.  aureus. 


Similar considerations may be deduced regarding the alkylchloro- 
phenols, but in this example the set of the most selective molecules is the 
same as the most active ones. The less selective compounds, however, do 
not coincide with the less active ones. 


The statistics of Eqs. 14,19, and 20 indicated a significant worsening 
of  the quality of these regressions compared with the others. This result 
could be explained by the fact that  in these cases the compared activities 
were carried out on pairs of Gram-positive microorganisms. S. aureus 
and S. hemolyticus are Gram-positive; 7'. pallidurn, although lacking 
a cell wall, is sensitive to the antibiotics in an analogous way to Gram- 
positive bacteria. The R ,  and log P values express the lipophilicity of 
molecules and, therefore, their ability to cross the cell wall. It is, therefore, 
likely that these parameters do satisfactorily explain selectivity and its 
variance in the case of Gram-dissimilar bacteria but that  they lead to 
worse results with Gram-similar bacteria. 
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CONCLUSIONS 


in conclusion, within the limits discussed, the use of log S: should make 
easier and faster the search for, and the identification of, the therapeu- 
tically best molecules. Log S: permits selectivity forecasting by methods 
and techniques analogous to the ones (quantitative structure-selectivity 
relationships) utilized to forecast biological activity. Moreover, log S: 
makes it easier and faster to compare the therapeutic characteristics of 
different molecules since it permits selectivity quantification in the 
presence of many side effects. 
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Abstract 0 The spin-filter dissolution device was characterized using 
a two-dimensipnal convective diffusion model. Experimental model 
testing involved analysis of dissolution rates from nondisintegrating 
salicylic acid disks. The disks were prepared as double-layer tablets, with 
an ethylcellulose layer as a nondissolving surface. For each dissolution 
run, the disk was positioned so that the dissolving salicylic acid surface 
was parallel to the flow of the circulating fluid. Experimental variables 
included the stirring speed, the tablet radius, and the distance of the 
tablet from the stirring source. At  the farthest distance from the stirring 
source, the average numerical exponents for stirring speed and tablet 
radius were 0.58 and 1.54, respectively, which compare favorably with 
the values of 0.50 and 1.50 from the model. When the dissolving salicylic 
acid surface was positioned closer to the stirring source, the numerical 
exponent for the stirring speed increased significantly, while the average 
numerical exponent for the tablet radius was lowered to 1.07, indicating 
a change in dissolution mechanism as a function of distance from the 
stirring source. These data indicate that dissolution rates are not nec- 
essarily proportional to surface area as predicted by the Nernst equation 
and that distance from the stirring source is significant. 


Keyphrases Hydrodynamics-dissolution devices, spin filter, salicylic 
acid disks Models, hydrodynamic-dissolution devices, spin filter, 
salicylic acid disks 0 Dissolution devices-spin filter, hydrodynamic 
analysis, models 


Knowledge of critical operating variables for a dissolu- 
tion device is important to the pharmaceutical scientist 
interested in product development, quality control, and 
research applications. A recent paper (1) discussed certain 
operating variables for the spin-filter dissolution device 
developed by Shah et al. (2). The results of this investi- 
gation indicate that the dissolution of a tablet placed in a 
basket is much more rapid from the face of the tablet 
resting on the bottom of the basket than from the face in- 


side the basket. This effect was duplicated at  stirring 
speeds of 300 and 500 rpm. 


Understanding and predicting the dissolution perfor- 
mance for a given dissolution instrument require evalu- 
ating the instrument with a justifiable model. The purpose 
of the present study was to continue an evaluation of the 
spinning-filter device via a convective diffusion model 
based on a physically realistic and mathematically sound 
development. 


THEORY 


The model chosen is a classical one involving the flow of incompressible 
fluids past immersed bodies. For a nondissolving plate immersed in a fluid 
where the free stream velocity is U [centimeters per second), the velocity 
of the fluid in contact with the surface of the plate ( y  = 0) is assumed to 
be zero and frictional resistance retards the moving fluid in a thin layer 
near the wall. A property of the hydrodynamic boundary layer, h 1 (cen- 
timeters), is that  its thickness is a function of the length of the plate. I t  
is assumed that h l  is zero a t  the leading edge of the plate (x = 0). A 
functional relationship between the hydrodynamic boundary layer, hl,  
the free stream velocity, U ,  and the length of the plate, x,  is: 


hl = 4.64 b)1‘2 (Eq. 1) 


Thus, h 1 increases as a function of the square root of the distance along 
the x axis of the plate and diminishes by a factor equal to the reciprocal 
square root of the free stream velocity. As Levich (3) emphasized, in re- 
ality hl is not a distinct distance. Instead, it represents a transition from 
viscous flow in the hydrodynamic boundary layer to inviscid flow in the 
main stream and is smooth and gradual. The thickness is commonly de- 
fined as the distance from the wall ( y  = 0) to a point where the velocity 
in the x direction is 90% of the free stream velocity. 


A mass transfer model under conditions of forced convection can now 
be evaluated. Once again, visualize a plate immersed in a fluid stream. 
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I Mixture V (5O:SO) 


I Mixture I (10:90) 
Figure 2-HPLCchromatograms of mixtures of (Z)- and (E)-doxepin 
hydrochloride standards (Table I). 


The precision of the HPLC method was tested by injecting five aliquota 
of a 15% (Z)- and 85% (E)-doxepin hydrochloride isomer standard so- 
lution. The relative standard deviation was 0.3% for each isomer. The 
method was calibrated using separate solutions of individual isomers. 
Excellent linearity of the HPLC response-concentration relationship 
was demonstrated. 


Assay accuracy was investigated by analyzing the five different (Z)- 


Table II-Retention Times of Process-Related Substances 


Relative 
Retention 


Compound Time 


6,11-Dihydrodibenz[b,e]oxepin-ll-one 0.18 
Phthalide 0.20 
Phenol 0.43 
11-(3-Dimethylamino-l-propyl)-6H-dibenz[b,e]oxe- 0.81 


in-11-01 
(Zy-Doxepin 
( E  1 -Doxepin 
2-(Phenoxymethyl)benzoic acid 


1.00 
1.06 


>1.60 


and (E)-doxepin hydrochloride mixtures of known composition (Fig. 2). 
The (2)- and (E)-isomer content was calculated uia Eqs. 1 and 2, re- 
spectively. The accuracy of the HPLC method is shown by the data 
presented in Table I. Assay selectivity was challenged by analysis of 
process-related substances. The results summarized in Table I1 illustrate 
the selectivity of the procedure. Long-term reproducibility and adapt- 
ability for routine analysis were verified by analyzing doxepin hydro- 
chloride on columns of widely differing assay usage. (For instance, a new 
column was tested uersus a 2-year-old column employed in assay work 
other than doxepin hydrochloride analysis and subjected to methanol 
deactivation). Equivalent assay data and comparable doxepin isomer 
resolution were observed in all cases. 


The modified HPLC assay for the (2)- and (E)-doxepin hydrochloride 
isomers has been established to be precise, accurate, and selective. The 
method is amenable to routine laboratory usage, and interlaboratory 
adoption of the methodology should present no procedural difficul- 
ties. 
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Abstract 0 An assay suitable for hydroxyzine determination in human 
plasma following therapeutic doses was developed. The method involves 
GLC and chemical-ionization mass spectrometry of the acetate deriva- 
tives of hydroxyzine and of a pentadeuterated analog internal standard. 
Following administration of 100-mg single oral doses to normal male 
volunteers, peak plasma concentrations of -80 ng/ml were observed; the 
half-life of drug removal was -3 hr. 


Key phrases 0 Hydroxyzine-analysis, GLC-mass spectrometry, human 
plasma, following therapeutic doses 0 Tranquilizers (minor)-hydrox- 
yzine, GLC-mass spectrometric analysis, human plasma, following 
therapeutic doses 0 GLC-mass spectrometry-analysis, hydroxyzine, 
human plasma 


Hydroxyzine, 2- [2- [4- [ (4-chloropheny1)phenyl- 
methyl]-l-piperazinyl]ethoxy]ethanol (I), is an antihis- 
tamine compound with antianxiety and antiemetic prop- 
erties used in the treatment of nervous and emotional 
disturbances (l), for controlling nausea and vomiting (2), 


and for preoperative and postoperative sedation and an- 
algesia (3). Procedures for hydroxyzine detection by TLC 
(4) and electrophoresis ( 5 )  do not have the sensitivity 
necessary for analysis of biological samples. GLC methods 
have been described (6-8) but the flame-ionization de- 
tection was inadequate for plasma samples; use of mass 
spectrometric detection was suggested (7,8). 


Preliminary studies in this laboratory indicated that the 
direct analysis of hydroxyzine was complicated by peak 
tailing with common stationary phases. The oxidation of 
hydroxyzine to a benzophenone, a product with improved 
GLC properties, has been examined (9, 10). However, 
several hydroxyzine metabolites can be expected to form 
the same benzophenone, rendering such a method non- 
specific. Hydroxyzine is metabolized in the rat t o  p- 
chloro-p’-hydroxybenzophenone, p-chlorobenzhydrol, 
[ 2- (1 -piperazinyl)ethoxy] ethanol (norchlorcyclizine), p - 
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Table I-Analysis of Human Plasma Samples Containing Known 
Amounts of Hydroxyzine * 


Amount Added, Amount Found, RSD, 
ndml ndml % 


2 
5 


25 


2.7 
5.0 


24.0 


29.6 
10.0 
7.9 . .. 


50 49.0 3.1 
75 71.3 6.6 


100 98.9 5.6 
4 Five samples were examined at each concentration, 


chlorobenzophenone, and piperazine (11). Glucuronides 
of the first two also were identified. The formation of hy- 
droxyzine-N-oxide by the rat was reported (12). Metabo- 
lism studies have not been conducted in humans. 


This report describes a specific and sensitive assay for 
hydroxyzine determination in human plasma; phar- 
macokinetic properties were assessed following the ad- 
ministration of a single oral 100-mg dose. 


EXPERIMENTAL 


Materials-All solvents were glass distilled', and all reagents were 
ACS grade and used as received. The centrifuge and culture tubes were 
silylated with 10% dichlorodimethylsilane* in toluene. The tubes were 
rinsed in succession with toluene, methanol, and acetone and were dried 
at room temperature. Standard hydroxyzine hydrochloride3 solutions 
were prepared weekly in methanol at concentrations of I mg/ml (free 
base) and were kept a t  4O. 


Pentadeuterated Hydroxyzine (11) Synthesis-p-Chlorobenzhy- 
dryl-ds diethyldiamine (1.45 g, 5 mmoles) (13), chloroethoxyethanol(O.62 
g, 5 mmoles), and triethylamine (0.5 ml, 6 mmoles) were stirred with 
toluene (25 ml) and heated at reflux for 48 hr. The reaction mixture was 
allowed to cool to room temperature. Water (20 ml) was added, and 
stirring was continued for 20 min. The mixture was filtered, and the 
aqueous layer was adjusted to pH 8. After phase separation, the aqueous 
layer was extracted with three 25-ml portions of toluene. The combined 
toluene phases were washed with two 5-ml portions of dilute hydrochloric 
acid (pH 6.8) and then reextracted with three 25-ml portions of dilute 
hydrochloric acid (pH 1). 


The aqueous layers were treated with 40% aqueous NaOH to adjust 
the pH to 11-12 and were extracted four times with 25-ml portions of 
benzene. The combined benzene extracts were filtered through anhydrous 
sodium sulfate and then evaporated, leaving the crude product, parts of 
which were purified by preparative TLC (methanol-water, 67:33). The 
material having the R/ of hydroxyzine was dissolved in 5 ml of ethyl ac- 
etate. Several drops of dry hydrogen chloride gas in isopropanol(6.8%) 1 
were added to form the hydrochloride salt, which was separated by cen- 
trifugation and washed three times with 10 ml of hexane. 


The final product was left under vacuum overnight to remove excess 
solvent. The identity and the isotopic purity of the hydroxyzine-d5 thus 
obtained were established by high-resolution mass spectrometry. The 
parent ion (M+) was within 2 millimass units of the theoretical value. The 
relative abundance of the ion at M - 5 (do) was <0.1% d t h e  parent ion, 
indicating an isotopic purity of >99.9%. The hydroxyzine-ds was chem- 
ically pure by GLC and by TLC (chloroform-methanol, 91) .  


Assay-Plasma samples (2 ml) in 15-1111 centrifuge tubes were mixed 
with 200 ng of hydroxyzine-ds and with 0.25 ml of aqueous 10 N NaOH. 


R 
\ n  


N-CH&HZOCH,CH,OH 
Cl+cH-N W 


I: R = C,H, 
11: R-CBDS 


Burdick & Jackson, Muskegon, Mich. 


Vistaril, Pfizer, New York, N.Y. 
2 Aldrich, Milwaukee, Wis. 


b d 


I 
TIME 


Figure 1-Selected ion current profiles of control plasma (a); control 
plasma fortified at  2 ng of hydroxyzinelml (b), control plasma fortified 
at 50 ng of hydroxytinelml (c), and Subject 1,2 hr post dose (d). 


The mixture was extracted with hexane (3 X 10 ml), and the hexane ex- 
tracts were discarded. The aqueous phase was diluted with water (3 ml) 
and extracted with ether (8 ml). After centrifugation, each tube was 
dipped in a dry ice-acetone bath to freeze the aqueous phase, and the 
organic phase was transferred to a 10-ml culture tube and evaporated to 
dryness by a dry nitrogen stream. 


The residues were treated with acetyl chloride (0.1 ml) and vortexed4 
for 30 sec, and the excess acetyl chloride was removed with a dry nitrogen 
stream. Immediately before analysis, the residues were dissolved in 50 
p1 of methanol, and aliquots (3-5 p l )  were injected into the chromato- 
graph. 


Instrumentation-Analyses were carried out on a mass spectrometer 
equipped for chemical ionization5. Samples were introduced by GLC on 
a 0.8-m X 2-mm i.d. glass column packed with 3% OV-17 on Chromosorb 
W (80-100 mesh). The column, the injection port, and the transfer lines 
were kept a t  290'. Methane was used as a carrier gas. The ion source 
temperature was maintained at 165" with a temperature controller6. The 
reagent gas, a mixture of methane and ammonia, was made up by bleeding 
ammonia directly into the ion source to give a pressure of 0.35-0.40 tom; 
methane flow through the column was adjusted to give a final pressure 
of 0.95-1.0 torr in the ion source. 


Voltage switching to monitor the ion currents a t  m/e 417 and 422 was 
controlled by PROMIM units. The signals from the mass spectrometer 
were recorded on a four-pen recorder'. Parameters were adjusted to give 
maximum sample intensities while unit resolution was maintained. 


Calculations-Plasma hydroxyzine concentrations were calculated 
from the peak height a t  m/e 417 relative to the internal standard peak 
at  m/e 422 with reference to a standard curve constructed from plasma 
samples fortified with known amounts of hydroxyzine. 


Human Studies-Hydroxyzine hydrochloride was administered to 
four healthy male volunteers in the form of commercial 100-mg tablets 
following an overnight fast. Food was withheld for an additional 2 hr. 
Blood samples were drawn into heparinized tubes at  0,0.5,1,2,4,6,8, 
and 24 hr. Plasma was obtained by centrifugation and frozen until 
assay. 


Vortex Genie, Scientific Industries. 
Finnigan model 3200. 
LFE Corp., Waltham, Mass. 
Model HR-4, Houston Instruments, Austin, Tex. 


Journal of Pharmaceutical Sciences / 1457 
Vol. 68, No. 11, November 1979 







Table 11-Human Plasma Concentrations following Oral Administration of 100 mg of Hydroxyzine 


Nanograms per Milliliter 
Subiecta Weiaht. ka 0.5 hr 1 hr 2 hr 4 hr 6 hr 8 hr 24 hr 


1 91 <2 <2 74 65 57 38 <2 
2 84 <2 23 39 89 65 34 <2 
3 77 <2 4 65 82 58 31 <2 


58 38 <2 
Mean <2 20 66 78 59 35 <2 
4 82 <2 51 86 75 


a All subjects were male, iges 24-26 years. 


Table 111-Pharmacokinetic Parameters 


Absorption Elimination 
Half-Life, Half-Life, Lag Time, 


Subject A a hr n P hr hr tmax CIllax 


1 439 1.043 0.66 192 0.203 3.42 1.0 2.9 85 
70 2 467 0.443 1.56 418 0.258 2.68 0.6 3.5 
85 3 526 0.670 1.03 362 0.281 2.46 1.0 3.2 
90 4 270 0.844 0.82 206 0.208 3.33 0.4 2.6 
82 Mean 1.02 2.97 0.7 3.0 


RESULTS AND DISCUSSION 


Hydroxyzine could not be analyzed directly by GLC-mass spectrom- 
etry because of poor GLC characteristics at low concentrations due to 
the polar hydroxy side chain. Attempts to prepare the hexafluoroacetate 
or the heptafluorobutyrate ester were not successful because hydroxyzine 
was unstable under the reaction conditions. Acetate ester formation using 
acetyl chloride proved to be simple and rapid, requiring only a few sec- 
onds at room temperature. The excess derivatizing agent was conve- 
niently removed by evaporation, Although hydroxyzine acetate was less 
volatile than hydroxyzine, it exhibited excellent GLC properties, giving 
sharp and symmetric peaks at low concentrations (Fig. 1). 


Initial studies showed that the use of ammonia as a reagent gas for 
chemical ionization favored the formation of the hydroxyzine acetate 
adduct ion (M t H). This has been the case also for the structurally re- 
iated meclizine (13) and for some amines (14). Chemical ionization and 
detection of the pseudomolecular ion obviated difficulties in specificity 
arising from the known animal (11) hydroxyzine metabolites. 


Calibration curves for hydroxyzine in plasma were linear from 2 to 100 
ng/ml. One factor limiting the assay sensitivity was the presence of a small 
peak at rnle 417 and at the hydroxyzine acetate retention time in plasma 
of untreated human volunteers. With 2 ml of plasma, this peak was 
equivalent to 0.59 f 0.01 ng of hydroxyzine/ml (Fig. 1). The relative 
standard deviation of the assay was high at the lowest detectable hy- 
droxyzine level but was 10% or less at concentrations of 25 ng/ml (Table 
I). Hydroxyzine recovery from human plasma samples containing 50 
ng/ml was 82%. 


Plasma concentrations in four subjects receiving single oral 100-mg 
hydroxyzine doses are given in Table 11. The drug appears to be consis- 
tently absorbed, giving peak concentrations of -80 ng/ml24 hr following 
administration. The data from each subject were applied to an iterative 
computer program by which the data were fitted to a one-compartment 
open model represented by: 


c t -  - - ~ ~ - * t  + Be-@t (Eq. 1) 


Excellent fits were obtained; the kinetic parameters are indicated in Table 
111. The absorption and elimination half-lives were obtained directly from 
the rate constants, a and 0. Lag time, to, was estimated (15) from: 


In A - In B to  = 
a-8 


(Eq. 2) 


This lag time presumably corresponds to the time required for formu- 
lation disintegration and drug dissolution and for transport to the ab- 
sorption site. The time of maximum plasma concentration, t,,,, was 
calculated from: 


tma,=2.30310g~+to  
a-8 P (Eq. 3) 


and was applied to Eq. 1 to calculate the maximum plasma concentra- 
tion. 


The mean absorption half-life of 1.02 hr indicates that hydroxyzine 
is absorbed by humans at  a rate typical of many drugs. The mean elimi- 
nation half-life, 3 hr, is similar to that of the chemically related drug 
meclizine (13). 
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photothermally degraded by irradiating with intense UV light13 for 30 
min. A 100-mg sample of partially degraded I was accurately weighed, 
quantitatively transferred into a 50-ml volumetric flask, and dissolved 
in methanol. Then 20.0- and 15.0-ml aliquots were removed, the solvent 
was evaporated, and the sample was reassayed (Fig. 3). The recovery was 
101% by the official NF XIV assay but only 33% by HPLC. The system 
selectivity is demonstrated further in Fig. 4, where I is resolved from 11. 
These compounds are very similar in structure, size, and polarity. 


Statistical Evaluation-The linearity of typical standard curves is 
summarized in Tables I1 and 111. The response factor ratios, defined as 
the area ratio (active ingredient/fluorene) times the concentration ratio 
(fluorene/active ingredient), were quite constant for all concentrations. 
Precision was demonstrated by a relative standard deviation of 0.4% for 
nine replicate injections. Analysis of active-placebo mixtures demon- 
strated the accuracy of the proposed method with an average 99.1% re- 
covery. 


The experimental data shown in Table IV were obtained on randomly 
selected commercial tablet samples. Each sample was analyzed by the 
HPLC method and by the official NF XIV procedures. The results from 
both methods are comparable, but since the HPLC method has been 


shown to be a stability-indicating assay, it is more selective than the NF 
method and more accurately reflects true tablet potency. 


REFERENCES 


(1) S. J. Manley and J. W. Lawson, Arch. Znt. Pharmacodyn. Ther., 


(2) “The National Formulary,” 14th ed., Mack Publishing Co., Easton, 


(3) Troponwerke Koln, Biochem. Bericht., No. 32, Biochem. Forsch. 


(4) J. H. Weikel, Jr., A. G. Wheeler, and P. D. Joiner, Toxicol. Appl. 


( 5 )  H. Li and P. Cervoni, J.  Pharm. Sci., 65,1352 (1976). 


175,239 (1968). 


Pa., 1975. 


(Dec. 1968). 


Pharmacol., 1,579 (1959). 


ACKNOWLEDGMENTS 


The authors thank Dr. D. Lamontanaro and Mr. R. Kirsch for help in 
the development of this method and Mr. N. Gaddipati and Mr. J. S h t r i  
for assistance in obtaining and isolating degradation products. 


Solubility Determination of Barely Aqueous-Soluble 
Organic Solids 


TAKERU HIGUCHI, FONG-ME1 L. SHIH, 
TOSHIKIRO KIMURA, and J. HOWARD RYTTING’ 
Received September 15, 1978, from the Departments of Pharmaceutical Chemistry and Chemistry, University of Kansas, Lawrence, K S  66045. 
Accepted for publication April 18,1979, 


Abstract 0 Solubility determination of organic molecules having very 
low solubilities is hampered by such problems as slow equilibration during 
measurement, influence of impurities, and inherent heterogeneity in the 
energetic content of the crystalline solid. Three approaches to meeting 
these problems are presented. The first approach involves enhancing the 
dissolution rate by the addition of a water-immiscible solvent in which 
the organic solute is more soluble, thereby increasing the surface area 
available for dissolution. The second method is a combination of exper- 
imental data with a group contribution approach that allows the esti- 
mation of extremely insoluble solids. This approach involves measure- 
ment of the solubility in an organic solvent and calculation of the aqueous 
solubility from the estimated partition coefficient and the organic solvent 
data. The third approach is based on using a large excess of the solid and 
a highly specific analytical determination of the main component. The 
first two approaches were explored in detail and tested using norethin- 
drone, norethindrone acetate, methyltestosterone, and methyltestos- 
terone acetate. 


Keyphrases 0 Solubility determinations-organic solids, barely aqueous 
soluble, group contribution, partition coefficient Organic solids- 
solubility determinations, barely aqueous soluble, group contribution, 
partition coefficient 0 Aqueous solubility-organic solids, barely soluble, 
solubility determination 


The solubilities of solids are very useful parameters in 
the daily practice of chemistry and pharmacy. Solubility 
information is particularly vital in formulating products, 
developing analytical methods, chemical processing, pre- 
dicting ecological impact, and assessing drug transport and 
distribution problems. 


Solubility determination of solids that are moderately 
soluble, ie.,  1 0.2%, normally poses no serious problem. 
Direct solubility measurement of solids having very low 
solubilities involves special difficulties, which can lead to 
large discrepancies in reported values. For example, the 
reported solubility of cholesterol in water ranges from 


0.025 to 2600 pglml(1). This paper is concerned with an 
analysis of these problems and offers several approaches 
for overcoming them, particularly for determinations 
carried out in water. 


BACKGROUND 
Equilibration Kinetics-The low equilibration rate during solubility 


measurement of slightly soluble species presenta a serious problem which 
has not been adequately addressed from an experimental standpoint. 
The solubility of a solid in a given solvent is the amount that goes into 
solution at  equilibrium at  some selected temperature. Since it is impos- 
sible to attain a true equilibrium state in real life, in practice, results are 
reported for systems that are reasonably close to equilibrium. Such sit- 
uations are not particularly difficult to attain for moderately soluble 
substances. An aqueous suspension of benzoic acid crystals, for example, 
probably reaches a near equilibrium state with moderate stirring a t  25’ 
within a few hours. The exact rate depends on the fineness of the crystals, 
the amount of solid added, and the degree of agitation. 


According to various studies on dissolution kinetics, the classical 
equation (Noyes-Whitney) (2, 3) appears to be an empirically useful 
relationship. A simplified.form of the equation for situations where the 
various geometric factors are essentially held constant can be written 
as: 


dc - = k(C, - C )  (Eq. 1) dt 
where d d d t  is the rate of increase in the solute concentration, k is a 
constant, C, is the solubility, and C is the solute concentration in solution. 
Upon integrating, one obtains: 


c - c  
C, 


In’= -kt (Eq. 2) 


Under these conditions, the kinetics suggest an approximately first-order 
approach to mturation, with a given degree of saturation being achieved 
somewhat independently of the solid being studied. Under experimental 
conditions, however, unless a substantial excess of the solid is used, the 
effective surface area will decrease significantly during the dissolution 
process, with a corresponding delay in the attainment of equilibrium. 
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Table I-Measured Molar Solubilities and Isooctane-Water Distribution Coefficients fo r  Steroids a 


Molar 
Solubility 


Molar in Water in Isooctane-W ater Molar 
Solubility Solubility Contact with Partition 


Substance in Isooctane* in Water* Isooctane Coefficient 


Norethindrone 6.90 f 0.13 X 2.36 f 0.06 X 2.13 f 0.05 X 3.9 f 0.17 


acetate (2.53 X ly3P (1.65 x 10-5)c  (183)c 


(5.85 x 10-5)~ (1.67 x 10-5)~ (4.4)h 
Norethindrone 2.52 f 0.04 X 1.57 f 0.01 x 10-5 1.76 f 0.01 x 10-5 210 f 5 


Norethindrone 0.0232 (7 f 3 x 1 0 - 9 c  (3.3 x 1 0 5 ) ~  
enant.hate 


Methyltes- 
tosterone 


Methvltes- 


1.3 f 0.03 X 


5.3 f 0.05 x 10-3 


1.12 f 0.02 x 10-4 
(7.47 x 10-5)d 


1.43 f 0.03 X 


1.11 f 0.01 x 10-4 


8.16 f 0.06 X 


16.0 f 0.5 


3300 f 173 
tosierone (5.20 X 10-6)d 
acetate 


Uncertainties are expressed as standard errors of the mean. Obtained by conventional method. c R. E. Enever, University of London, London, England, personal 
communication. Literature value from D. B. Bowen, K .  C. James, and M. Roberta, J. Pharrn. Pharrnacol., 22,518 (1970). 


The final rate of approach to saturation is approximately directly 
proportional to the excess of solid present-the larger the excess, the 
faster the saturation rate. A slightly soluble solid of equivalent surface 
area would require many times greater excess for saturation than would 
be needed for a moderately soluble solid. Thus, the terminal rate of at- 
tainment of equilibrium in water for benzoic acid (solubility in water = 
3.4 mg/ml) (4) containing initially twice the amount necessary to saturate 
the solution will be equal to that of norethindrone (solubility in water 
z 6 pglml) only if approximately the same amount (the same surface 
area) is left undissolved at the end. In this situation, the initial amount 
necessary to leave the same surface area undissolved as a onefold excess 
for benzoic acid would be an -500-fold excess for norethindrone. 


Although a relatively rapid equilibration even for a rather insoluble 
system would seem possible with a very large excess of the test solid, this 
process is not feasible for many real situations because the effects of 
impurities and energetic heterogeneity of crystals are magnified greatly 
when solute is present in a large excess. 


The influence of impurities on the apparent solubility of crystalline 
solids is well known and can be visualized from a typical phase solubility 
diagram (Fig. 1) for a solid containing 10% of a soluble impurity. Typi- 
cally, the apparent solubility increases with the amount of sample used 
until the system becomes saturated with respect to the impurity. Al- 
though in this example the indicated true solubility corresponds to 4.5 
mg, the apparent solubility continues to increase with an increase in 
sample size. The increase corresponds to onefold for each 10-fold increase 
in the amount added for the situation shown. In the case of norethindrone 
with a 500-fold excess, each 1% of total soluble impurities in the sample 
will produce a fivefold increase in the apparent solubility of the material, 
that going into solution being largely the impurities present rather than 
the main compound. 


Thus, direct solubility determinations on relatively insoluble species 
are difficult. If a large sample is used to obtain a fairly short equilibration 
time (hours to weeks), the impurities may pose a problem. On the other 
hand, if a small excess of sample is used to minimize the impurity effect, 
the equilibration time may extend to months or years. Use of only a 
onefold excess of norethindrone, for example, will require an -500-fold 


I . . . . .  . 
5 15 25 35 45 55 75 100 


AMOUNT ADDED, mq 


Figure 1-Phase solubility diagram of a crystalline solid containing 
10% soluble impurity. 


greater equilibration time than for the described benzoic acid system, 
the corresponding time being on the order of months. 


A possible solution to this dilemma is to eliminate the complication 
introduced by any impurity by utilizing a highly specific method for 
determining the amount of principal component in solution. If only the 
principal component is measured, the concentration in solution in Fig. 
1, for example, would become independent of the amount. Since, however, 
the minor components present in the solid sample are usually not elim- 
inated during typical purification procedures, they would probably be 
similar to the main component and lead to analytical complications. In 
solubility ranges below 1 ng/ml, highly exquisite and specific analytical 
methods would be required since at  these solubilities the main component 
concentration may be one-millionth of the concentrations of the main 
impurities to obtain a reasonable equilibration time. Nevertheless, this 
approach can probably be used effectively in many situations. 


Another factor that affects the solubility is the energetic heterogeneity 
that results from the spectrum of particle sizes and individual crystals 
with cracks and other energetic defects in a real sample. This lactor would 
be self-correcting under normal conditions. When large excesses are 
permitted, however, the observed solubility will correspond to the ther- 
modynamic activity of the most energetic component and may be su- 
persaturated with respect to the most stable crystal form. Because of the 
very low solute concentration in solution, the recrystallization rate, which 
brings the supersaturated solution back to normal, will be extremely 
slow. 


Proposed Approaches-There are several possible ways to approach 
this dilemma. One is a direct, experimental approach in which a minimal 
amount of solid sample is used to minimize the effect of impurities yet 
allow a near equilibrium state to be attained in a reasonable time. A 
combination of an experimental procedure with a group contribution 
approach allows solubility estimation of extremely insoluble solids with 
some accuracy. Another possibility is that suggested earlier based on a 
very large excess of the solid and highly specific determination of the main 
component. The first two approaches will be discussed in some detail. 


Dissolution Facilitation by Immiscible Solvent Addition-As already 
discussed, the saturation rate of a solution by a relatively insoluble solid 
becomes extremely slow if only a small excess of the solid is used due to 
the limited surface area of the solid exposed to the dissolutive process. 
Generally, one would expect the available area to parallel the amount of 
solid used. Thus, for the benzoic acid system cited earlier, a onefold excess 


0 0  0 


AMOUNT ADDED, mg/lO ml 


Figure %-Phase solubility diagram of norethindrone in water a t  25'. 
Key: 0 , 1 0  ml of water with an equilibration time of 120 hr; and  .,lo 
ml of water plus 0.5 ml of isooctane with an  equilibration time of 12 
hr. 
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Table 11-Isooctane-Water Partition Coefficients and Standard 
Free Energy of Transfer for Organic Molecules a 


3- 
5 "  a 


Compound Partition Coefficient AGO, cal/mole 


b 


2-Cyclohexen- 1 -one 0.46 f 0.01 460 
1 -EthynylcycIopentanol 0.36 f 0.01 580 


1-Methylcyclopentanol 0.46 f 0.01 460 
1-Ethynylcyclopentyl acetate 36.5 f 1.4 -2100 


1 -Methvlcyclopentyl acetate 227 f 11 -3200 


Uncertainties are expressed as standard deviations. 


corresponds to 6.8 mg/ml or a surface area of -4 cm2/ml of water a t  the 
beginning and a little more than 2 cm2/ml at  saturation if the initial av- 
erage diameter of the benzoic acid is -100 pm. Similar calculations for 
norethindrone acetate would be 6 X and 4 X cm2/ml, much 
smaller values. 


One way of increasing the interfacial area across which the solute is 
allowed to diffuse is to add a limited amount of a second immiscible sol- 
vent to the system in which the solute is significantly more soluble, The 
solubility of norethindrone acetate in isooctane at  25O is 860 pglml, 200 
times that in water. If the solvent phase consists of 100 ml of water and 
2 ml of isooctane with 5 mg of norethindrone acetate added to it, -40% 
of the initial solid will go into solution. The isooctane phase will contain 
at  near equilibrium -1.8 mg and the aqueous phase will contain 0.5 
mg. 


If all of the hydrophobic steroid remains with the organic solvent, there 
will be 3 mg of the solid in contact with 2 ml of the isooctane solution or 
1.0 cm2/ml of solution. This surface area-solution volume ratio can be 
expected to yield a reasonable equilibration rate in the organic phase. 
The equilibration rate from isooctane to water will be determined ef- 
fectively by the interfacial area between the two and will be independent 
of the amount of solid present. Since any reasonable configuration will 
correspond to a fairly high interfacial area-water volume ratio, a relatively 
rapid equilibration rate would be expected under even mild agitation. 
The equilibration rate in the organic phase will depend, of course, on the 
surface area of the solid available per milliliter of solvent used. 


The suggested approach presupposes that: ( a )  the solid phase effec- 
tively stays with the organic phase, (b )  the solubility in water is sufficient 
for measurement after equilibration, and (c) the organic solvent is suf- 
ficiently immiscible in water not to affect the solubility significantly. 
Although some of these conditions may not be met in all instances, the 
method offers a solution to many situations where equilibration may be 
a problem. This approach would be contraindicated for solids containing 
impurities that are significantly more soluble in water than in the organic 
phase as compared to the main component. 


Estimation of Aqueous Solubility of Extremely Insoluble Hydro- 
phobic Solids-For systems that are significantly less soluble than a few 
nanograms per milliliter, the equilibration rate as well as the measure- 
ment of the solute concentration presents serious experimental problems, 
requiring methods other than direct measurement. 


One possible approach is based on the fact that hydrophobic compound 
solubilities are generally sufficient in a water-immiscible organic solvent 
to allow direct measurement. Once the solubility in some selected organic 
solvent is known, the solubility in water can be calculated from the di- 
rectly measured or, more usually, the estimated partition coefficients. 
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Figure 4-Phase solubility diagram of methyltestosterone acetate in 
water at 25O with an equilibration time of 34 hr. Key: 0 , 1 0  mlof water 
and 0.2 ml of isooctane; .,lo ml of water; a, amount of drug that satu- 
rated 10 ml of water; and 6, amount of drug that saturated 10 ml of water 
and 0.2 ml of isooctane. 


At present, prediction of solubility is difficult because it depends on co- 
operative interactions within the crystal structure of the molecular 
components, However, changes in partition coefficients with alterations 
in molecular structure can be predicted with reasonable confidence since 
partitioning is, from a practical standpoint, a noncooperative operation 
(Scheme I). 


The solubility of a crystalline solid in the organic solvent is measured 
accurately by the phase solubility technique. Its partition coefficient 
between water and the organic phase is estimated by the usual group 
contribut,ion approach based on experimental results obtained on the 
nearest appropriate analog. Aqueous solubility is calculated from these 
two numbers. 


Data are presented and analyzed to illustrate the utility of the two 
proposed approaches. 


EXPERIMENTAL 


Materials-Norethindrone' (I), norethindrone acetate' (II), 
methyltestosterone' (III), 2-cyclohexen-1-one2, 1-ethynylcyclopentano1'2, 
and 1-methylcyclopentano12 were used without further purification. 


The acetylation of 1-ethynylcyclopentanol was accomplished by 
combining the alcohol with acetic anhydride and stirring for 2 hr a t  55O, 
using pyridine as the solvent. 1-Methylcyclopentanol and methyltes- 
tosterone were acetylated by the method of Steglich and Hofle ( 5 )  with 
4-N,N-dimethylaminopyridine as a catalyst. Product purity was checked 
by IR and NMR spectra. The melting point of methyltestosterone acetate 
(IV) was 167.5'. 


Distilled water was obtained by distilling previously deionized water3. 
Isooctane4 was distilled from potassium permanganate and filtered 
through neutral alumina. Methanol5 and isopropyl alcohol6 were used 
without further purification. 


Procedure-Solubilities in each solvent were determined by the phase 
solubility technique (6). Seven to 15 15-ml glass, polytef-lined, screw- 
capped tubes were scrupulously cleaned. To each tube, increasingly larger 
amounts of the test substance were added. A constant volume (10 ml) of 
solvent (water or isooctane) was added to each tube. If the approximate 


solute solute 


water organic solvent 


Scheme I-Determination of solubility of extremely water-insoluble 
hydrophobic solids. 


Sigma Chemical Co. 
Aldrich Chemical Co. 
Model AG-la distillation apparatus, Corning Glass Works. 


4 Analytical grade, Fisher Scientific Co. 
Spectral grade, Fisher Scientific Co. 
Analytical grade, Mallinckrodt Chemical Works. 
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Table 111-Calculation of the Free Energy of Transfer and Partition Coefficients for Norethindrone, Methyltestosterone, and Their 
Acetates 


Functional Added or Subtracted 
Group Structure A(AG"), cal/mole I I1 111 IV 


17-Androstyl 


Methyl 


Cyclohexyl 


2-Cyclohexen-1-one 


C yclopentyl 


1 -Ethynylcyclopentanol 


+ + + + -10,70O0 


-900" 
-44000 


460 


-37000 


dC==CH 580 ' 
n 


0 
II 


OCCCH,  
I 


t 


1-Ethynylcyclopentyl acetate -2100' 


460 


+ 


3 0 


II 


1-Methylcyclopentanol + 


-3200' + 


I I1 111 IV 


o- C -cn, 1-Methylcyclopentyl acetate 


AGP -660 -3340 - 1680 -5340 
Partition coefficient 3.05 281 17.0 8200 


Partition coefficient 3.9 230 9.4 3300 
(calculated) 


(measured) 


0 Reference 7. The relative surface area used for the 17-androstyl group was 2.91; for the methyl group, it was 0.51 where the tert-butyl group has a value of 1. * Table 
11. 


tane (or water). Stock solution aliquots were diluted quantitatively to 
several concentrations, and at least two or three samples for each con- 
centration were prepared, A suitable amount of water (or isooctane) was 
added to each flask, and these flasks were capped and sealed with para- 
film. Each sample was shaken by hand for 2 min and allowed to stand in 
a water bath at 25 f 0.5O for 8 min. The process was repeated six times, 
and the samples were allowed to stand in a thermostated water bath for 
24 hr. The solute concentrations in each layer were measured by UV 
spectroscopy or GLC. 


The relative surface areas needed were estimated by the method of 
Harris et al. (7) or were taken from Ref. 7. 


Analytical Methods-Norethindrone, norethindrone acetate, 
methyltestosterone, methyltestosterone acetate, and 2-cyclohexen-1-one 
were determined spectrophotometrically7. 1-Ethynylcyclopentanol, 1- 
methylcyclopentanol, and their acetates were determined by GLC?. The 
column temperature was 115O for 1-ethynylcyclopentanol and l-ethyn- 
ylcyclopentyl acetate, yielding a retention time of 11.2 min for each; 1- 
heptanol, the internal standard, had a retention time of 7.2 min. A column 
temperature of 75O was used for 1-methylcyclopentanol and l-methyl- 
cyclopentyl acetate, resulting in retention times of 9.5 and 9.6 min, re- 
spectively, compared with 10.7 min for the internal standard, l-pen- 
tanol. 


0 w 0 AU 
I : R = O H  


11: R = OCOCH, 
111: R = OH 
IV: R = OCOCH, 


solubility was reasonably large, the tubes were prepared so that the 
contents would be completely dissolved in a t  least one tube. 


The tubes were sealed with parafilm and fixed on a rotating shaft in 
the constant-temperature bath. They were equilibrated at  25' for 1 7  
days, depending on the system. 


After equilibration, the tubes were taken out of the bath and centri- 
fuged. The sample was filtered immediately under pressure through a 
sintered-glass filter, which was presaturated with the tested compound. 
A desired volume of filtrate was diluted with the solvent, which was used 
to construct the calibration curve. The diluted solutions were analyzed 
spectrophotometrically7. 


In cases of facilitated dissolution, an additional isooctane aliquot was 
added to the top of the aqueous layer. The solutions were allowed to 
equilibrate in the same manner as before. The isooctane layer was re- 
moved and discarded before filtration under pressure. The filtrate was 
measured spectrophotometrically either directly or after dilution. 


Partition coefficients from water to isooctane were measured using a 
standard procedure, which involved preparing a stock solution in isooc- 


RESULTS AND DISCUSSION 


Facilitated Dissolution Approach-The solubilities and isooc- 
tane-water partition coefficients at 25O for norethindrone, norethindrone 


Varian aerograph s&ies 2100 with flame-ionization detectors using a glass 
column packed with 10% Carbowax 20M on Gas Chrom Q (80-100 mesh). Injection 
port and detector temperatures were both 145'. and the carrier gas (nitrogen) flow 
rate was 50 ml/min. ' Cary model 15,16, or 118. 
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Figure 5-Comparison of concentrations of norethindrone acetate 
obtained by the facilitated dissolution method and by the conventional 
method at the preequilibration state of 6 hr at 25O. Key: 0, 10 ml of 
tuater and 0.25 ml of isooctane; @,lo ml of water; and 0,10 ml of water 
and 0.25 ml of isooctane at 51 hr (Fig. 3). 


acetate, methyltestosterone, and methyltestosterone acetate are given 
in Table I. Phase solubility diagrams (Figs. 2-5) for norethindrone, 
norethindrone acetate, and methyltestosterone acetate show equilibration 
both in pure water and in water to which a small amount (<5% of total 
volume) of isooctane had been added. 


There was considerably greater scatter among the experimental points 
for the solubility determinations in pure water, particularly a t  the shorter 
,equilibration times. The addition of an immiscible solvent definitely 
enhanced the equilibrium rate and yielded more precise results with at  
least comparable, and usually improved, accuracy. 


The scatter observed in the data obtained with small excesses of solute 
in pure water may have resulted from particle-size heterogeneity as well 
as from crystalline differences. Particle-size heterogeneity is magnified 
greatly when small amounts are used. The facilitiated dissolution method 
prevented this problem even at  an early stage of equilibration (Fig. 5). 
This procedure also reduced the effect of impurities on the apparent 
solubility if these impurities were more soluble in isooctane than in water. 
Methyltestosterone acetate, for example, was prepared containing 14% 
soluble impurities as calculated from the phase solubility diagram in 
isooctane. Attempts to extrapolate its aqueous solubility directly from 
its phase solubility diagram in water were not successful. The addition 
of 5% isooctane to the system greatly reduced the difficulty (Fig. 4). 


The facilitated dissolution method offers an attractive alternative for 
aqueous solubility measurements where equilibration may be a problem. 
With radioactive labeling techniques, it should be feasible to apply this 
approach to solubilities at the nanogram per milliliter level. 


Group Contribution Approach-As already described, substances 
that are extremely insoluble in water present great difficulties in direct 
solubility measurements. An approach suggested here consists of calcu- 
lating the solubility in water from the measured solubility in an organic 
solvent combined with either a measured or estimated partition coeffi- 


Figure 6-Data used for the determination of isooctane-water distri- 
bution coefficients for several organic compounds at 25'. Key: 0,  cy- 
clohexen-1-one, m = 5, n = 5; A ,  I-methylcyclopentanol, m = 4, n = 4; 
0, 1-methylcyclopentyl acetate, m = 4, n = 3; V, l-ethynylcyclopen- 
tanol, m = 4 ,  n = 4; and 0,l-ethynylcyclopentyl acetate, m = 4,  n = 
3. 


Z 6  ~- 


CONCENTRATION IN WATER, M X 1Om 


Figure 7-Distribution of several steroidal compounds between iso- 
octane and water at 25O. Key: 0, norethindrone, m = 6, n = 5; V, nor- 
ethindrone acetate, m = 7, n = 4; A ,  methyltestosterone, m = 6, n = 5; 
and 0,  methyltestosterone acetate, m = 7, n = 3. 


cient. This approach was tested with norethindrone, methyltestosterone, 
and their acetates. 


The measured solubilities and partition coefficients are given in Table 
I. The predicted partition coefficients were determined using a group 
contribution approach, which assumes that certain thermodynamic or 
other physical properties of a molecule can be found from the sum of the 
values for the different groups comprising the molecule (7,8). Isooctane 
was the organic solvent, and the group contribution for transfer between 
water and isooctane for the saturated hydrocarbon moieties was taken 
from the data of Harris et al. (7) or determined as described by them 
using the relationship: 


A(AG) = -4070 (relative surface area) + 1156 (Eq. 3) 


where A(AG) is in calories per mole and the correlation coefficient is 
0.992. 


The partition coefficients for moieties having polar groups were 
measured (Fig. 6) and are reported in Table I1 along with the corre- 
sponding free energy of transfer from the relationship: 


AGO = -RT In K (Eq. 4) 
where K is the partition coefficient. 


Prediction of Partition Coefficients-Based on the assumptions 
of the group contribution approach (81, one should be able to predict 
partition coefficients for a molecule when the partition characteristics 
of its constituent parts are known, assuming that they are additive. This 
approach should be helpful for highly hydrophobic compounds for which 


-10,700 -4400 -630 460 


- 460 - 1680 


Scheme II-Schematic diagram for calculating the free energy of  
transfer for methyltestosterone using the 17-androstyl group as the 
beginning group. The numbers represent the values for each group and 


intermediate used in the calculations. 
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actual measurement is difficult. Scheme I1 illustrates such a calculation 
for methyltestosterone starting from the 17-androstyl group. 


Table 111 summarizes similar calculations of the free energy of transfer 
of the compounds studied along with the measured partition coefficients 
taken from the data shown in Fig. 7. 


Agreement (within a factor of 2) was obtained between the calculated 
partition coefficients and the measured values with the exception of 
methyltestosterone acetate. The measured value for methyltestosterone 
added to the acetyl group contribution determined from the data for 
1-methylcyclopentanol and 1-methylcyclopentyl acetate gave a value of 
-5000 for the partition coefficient, which is in much better agreement 
with the experimental value. 


This study shows that in cases where experimental values are difficult 
to obtain, estimates based on the group contribution approach are rea- 
sonably accurate. 


If one takes the measured solubility in isooctane and divides by the 
partition coefficient as an approximation to the solubility in water, rea- 
sonable agreement with the measured solubility values is obtained. Thus, 
in the special case of extremely low solubility in water, estimating the 
partition coefficient by the group contribution approach and combining 
it with the known solubility in an organic solvent provide a good estimate 
of the aqueous solubility. In such cases, this approach may be the only 
feasible method of obtaining an accurate solubility estimate. 
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Abstract  0 A procedure was developed for measuring small amounts 
of phenylmercuric nitrate in aqueous solutions. The method depends on 
the formation of insoluble phenylmercuric iodide upon titration of 
phenylmercuric nitrate with potassium iodide. The end-point can be 
detected using an iodide-sensitive electrode. The method is able to  
measure down to 0.000125% aqueous solution of phenylmercuric nitrate 
with a 1% accuracy. Procedural details and descriptions of excipient ef- 
fects on the assay are presented. Naphazoline hydrochloride, phenyl- 
ephrine hydrochloride, fluorescein sodium, and antipyrine interfered with 
the method, while the common buffer systems, polyvinyl alcohol, sodium 
thiosulfate, edetate sodium, and chloramphenicol had no effect. 


Keyphrases Phenylmercuric nitrate-analysis, potentiometric ti- 
tration, dilute aqueous solutions, excipients Ophthalmic dosage 
forms-phenylmercuric nitrate, potentiometric titration analysis, dilute 
aqueous solutions, excipients 0 Potentiometric titration-analysis, 
phenylmercuric nitrate, dilute aqueous solutions 


Phenylmercuric nitrate is frequently used as a preser- 
vative for ophthalmic and other preparations. To carry out 
routine determinations of small amounts of phenylmer- 
curic nitrate in aqueous solution, a simple, rapid, and 
sensitive assay is necessary. Published methods for de- 
termining phenylmercuric nitrate have been numerous, 
but many of these are tedious or lack sensitivity. 


BACKGROUND 


Microbiological methods (1) are time consuming and are only semi- 
quantitative. Spectrophotometric methods take advantage of the UV 
absorption a t  257 nm by phenylmercuric nitrate (2). Although this assay 
is rapid, its sensitivity is limited. Many procedures involve conversion 
of iirganomercury to mercuric ion, followed by classical thiocyanate ti- 
trimetry ( 3 ) .  Again, this method lacks the sensitivity required for very 
dilute solutions. 


The British Pharmacopoeia lists the dithizone extraction method (4), 
which involves extraction of the mercury from an acidic solution with a 
solution of dithizone in chloroform. The dithizonate is then measured 
spectrophotometrically. Because of the extractions involved, this method 
is tedious for routine determinations. 


Ordinary polarographic methods have been used for higher phenyl- 
mercuric nitrate concentrations (5); cathode ray polarography of 
phenylmercuric nitrate has been investigated (6) and is a simple, rapid, 
and sensitive assay for routine determinations. Furthermore, phenyl- 
mercuric nitrate has been detected satisfactorily by atomic absorption 
spectroscopy (7). This procedure is based on “protodemercuration” of 
the mercurial compound with hydrochloric acid under various heating 
conditions, followed by reduction of the resulting mercuric ion to ele- 
mental mercury with subsequent detection and quantitation by vapor 
phase atomic absorption spectroscopy. Since these procedures require 
instruments that  may not be readily available, the technique described 
in this paper was developed. This relatively rapid, simple, and sensitive 
assay is based on the precipitation of the phenylmercuric moiety with 
iodide ion. 


(8), is formed when 
an aqueous solution containing phenylmercuric ions is titrated with iodide 
according to Scheme I. 


Insoluble phenylmercuric iodide, K., = 9.7 X 


CsHs-Hg’ -t I- 5 CsH5 -HgI 
Scheme I 


In the developed procedure, the end-point for this reaction is detected 
potentiometrically using an electrode sensitive to iodide ions. 


EXPERIMENTAL 


Five milliliters of an aqueous phenylmercuric nitrate’ solution was 
transferred to a 50-ml beaker equipped with a magnetic stirring bar. The 
amount of phenylmercuric nitrate in solution ranged from -0.05 to 2.5 


1 Lot 0900030, British Drug Houses Chemicals Ltd., Poole, England. 
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Abstract 0 A reversed-phase high-performance liquid chromatographic 
analysis was developed for propylthiouracil in plasma (1 ml). After pro- 
tein precipitation with acetonitrile, the solution was diluted with water 
and injected into a liquid chromatograph equipped with C-18 and C-8 
columns in series. The peak area was linear over the 0.25-10-mghiter 
range, and the recovery was 101 f 4.5%. This assay has the advantages 
of specificity, simplicity, and speed over previously published methods 
and requires smaller sample volumes. None of 19 drugs tested interfered 
with the assay. 


Keyphrases Propylthiouracil-analysis, high-performance liquid 
chromatography in plasma, alcoholic liver disease 0 Thyroid inhibi- 
tors-propylthiouracil, high-performance liquid chromatographic 
analysis in plasma, alcoholic liver disease 0 High-performance liquid 
chromatography-analysis, propylthiouracil in plasma, alcoholic liver 
disease 


Propylthiouracil has been used in the management of 
hyperthyroidism for many years. Attention has been given 
to its analysis in plasma and to its pharmacokinetics in 
normal subjects and in patients with thyroid dysfunction 
(1-11). The drug is presently being evaluated in the 
treatment of alcoholic liver disease (12) where its clearance 
and apparent distribution volume may be altered (13). 


BACKGROUND 
For pharmacokinetic studies, plasma propylthiouracil concentrations 


have been determined. Because of normal and disease-related interin- 
dividual variations in kinetics, a rapid, specific, and sensitive method for 
plasma analysis would help in determining dosage adjustments for the 
individual patient. Previously published analysis methods lack either 
specificity or simplicity and are not suitable for routine determinations 
in a heterogeneous patient population. 


One hour after a single propylthiouracil dose (200-400 mg PO), the peak 
plasma concentration is often 10 mgfliter. After distribution equilibrium 
has been achieved, the plasma concentration declines exponentially, with 
a half-life commonly in the range of 60 rnin (3,5-11), although other 
apparent elimination rates have been reported (1,4). First-order kinetics 
have been demonstrated over a wide range of doses (10). Five hours after 
drug administration, the plasma concentration is commonly 1 mghter. 
During chronic propylthiourmil administration (100 mg every 8 hr) to 
patients with usual propylthiouracil kinetics, the mean steady-state 
concentration may be calculated to be -1 mghiter (14). Therefore, the 
sensitivity limit of any propylthiouracil assay should be at or below 1 
mgfliter as in the previously published methods (2,6,7). 


Although the sensitivity of the other methods seems adequate to de- 
termine pharmacokinetics, the specificity of the total radioactivity 
method (1) and the colorimetric method (2) has been questioned (6,7). 
In particular, the lack of analytical specificity may have been responsible, 
in part, for some of the unusually prolonged half-lives reported (4). A 
further small disadvantage of the colorimetric method is that 2 ml of 
serum is required. 


Two specific methods for plasma propylthiouracil determination have 
been reported. A time-consuming and technically difficult CLC method 
(7) employs tetrapropylammonium hydroxide as an alkylating agent for 
propylthiouracil after an ether extraction. One milliliter of plasma is 
required for this method. An ion-exchange high-performance liquid 
chromatographic (HPLC) analysis measures propylthiouracil after a 
chloroform extraction (6). The serious disadvantages of this method are 
the excessive volume of plasma required (5 ml), the long propylthiouracil 
retention time (20 min), and the column temperature control required. 
Neither method is suitable for routine use. 


The present paper reports a sensitive and specific HPLC assay for the 
rapid determination of propylthiouracil in plasma. 


EXPERIMENTAL 


Reagents-Propylthiouracil was obtained from propylthiouracil 
tablets' after recrystallization from ethanol. The purity was checked by 
melting point [221-222', lit. (15) 219-221'1 and by comparison of the 
HPLC retention time with that of propylthiouracil obtained from another 
source2. The chromatographic peak was identified by determination of 
its maximum UV absorption I275 nm, lit. (16) 275 nm in methanol]. Water 
was triple distilled in glass. Acetonitrile was HPLC grade3. Phosphoric 
acid and monobasic sodium phosphate were ACS grade4. 


Instrumentation-The high-performance liquid chromatograph5 was 
equipped with a universal injectofi, a column inlet filter', a column 
guards, C-189 and C-8lo reversed-phase columns in series, a variable- 
wavelength UV detector set a t  275 nm (0-0.04 absorbance unit)", and 
a recording integrator (attenuation X8)12. The mobile phase flow rate 
was 2.1 ml/min, and the pressure was 232 bar. Overnight, the UV detector 
was left on and the flow rate was reduced to 0.2 ml/min. 


Solutions-The stock propylthiouracil solution was made in methanol. 
The mobile phase was made by dissolving 1.4 g of monobasic sodium 
phosphate in 1 liter of water (0.01 M), lowering the pH to 3.0 with 5 N 
phosphoric acid, and adding 450 ml of acetonitrile. 


Sample Preparation-For standards, appropriate volumes of the 
propylthiouracil stock solution were added to glass tubes (13 X 100 mm), 
and the solvent was evaporated under a nitrogen stream. Patient plasma 
samples were frozen at  -20' until analyzed. Plasma (1 ml) was added, 
and the tubes were vortexed for 1 min. Acetonitrile (2.5 ml) was added 
to precipitate proteins, and the mixture was vortexed for 1 min and 
centrifuged for 5 rnin at  2000 rpm13. To 1 ml of the supernate was added 
2 ml of water, and 0.25 ml of this solution was analyzed on the chroma- 
tograph. 


RESULTS AND DISCUSSION 
HPLC has proven to be fast, accurate, and precise for determining 


drugs in biological fluids. This particular analytical system uses a vari- 
able-wavelength UV detector for increased sensitivity and specificity. 
Detection at  254 nm resulted in a 60% loss of sensitivity. 


The standard curves obtained from measurement of the propyl- 
thiouracil peak area in spiked plasma samples were linear ( r  = 0.99) over 
0.25-10 mg of propylthiouracilfliter. The minimum detectable concen- 
tration was -0.1 wghiter. The assay reproducibility is shown in Table 
I. Recovery was calculated in two ways: by reference to the linear re- 
gression equation (Table I) and by comparison with results obtained from 
1-ml water samples (n = 8) containing 4 mg of propylthiouracilhiter. The 
latter method gave the recovery as 101 f 4.5%. The daily variation in the 
standard curve slope was 5.2% (n = 6). 


Although 1-ml plasma volumes were used for convenience, smaller 
sample sizes are clearly possible. In the sample preparation, a 10.5-fold 
dilution occurs and only 8% of the final volume is injected into the liquid 
chromatograph. Therefore, a simple scaledown would permit the analysis 


Propyl-thyracil, Charles E. Frosst and Co., Dorval, Quebec, Canada. 


J. T. Baker Chemical Co., Phillipsburg, N.d. 


HP 1081A, Hewlett-Packard, Boblingen, West Germany. 
CV-6-UHPe-NG0, Valco Instruments Co., Houston, Tex. 
7302, Rheodyne, Berkeley, Calif. 


8 pBondapak CIS, 400 mg, Waters Associates, Mississauga, Ontario, Canada. 
9 pBondapak C18.3.9 mm i,d..x 30 cm, Waters Associates. 


RP-8, Brownlee, 4.6 mm 1.d. X 25 cm, Santa Clara, Calif. 
SF 700. Schoeffel. Westwood, N.J. 


12 H P  3380A, Hewlett-Packard, Avondale, Pa. 
l3 Sorvall, GLC-PB, Du Pont Instruments, Newton, Conn. 


2 Aldrich Chemical Co., Milwaukee, Wis. 


4 Fisher Scientific Co., Fair Lawn, N.J. 
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Figure 1-Chromatograms of normal blank plasma (A),  spiked normal 
plasma containing propylthiouracil(4 mglliter) (B), and plasma from 
a patient with alcoholic liver disease, taking propylthiouracil, 150 mg 
twice a day, 3.67hr after the last dose (C). Thepropylthiouracil reten- 
tion time was 4.5 min. 


of 0.1-ml plasma samples. In addition, the good peak shape, peak sepa- 
ration, and noise level may allow a further reduction in sample size, which 
may be useful in pediatrics and in studies with small animals. 


Propylthiouracil metabolism in humans is virtually unknown, although 
Kampmann (10) reported that most propylthiouracil in the urine is 
present as the glucuronide. The parent compound and this conjugate 
would not be expected to have similar retention times under the present 
chromatographic conditions. Interference tests with 19 commonly used 
drugs at, concentrations often encountered during therapy (17) were 
negative. The drugs tested and the concentrations (milligrams per liter) 
were: amphetamine, 0.1; acetaminophen, 10.0; amitriptyline, 0.05; 
amobarbital, 0.1; chlordiazepoxide, 1.0; codeine, 0.1; N-desmethyldia- 
zepam, 0.3; diazepam, 0.2; phenytoin, 10.0; flurazepam,,0.05; meperidine, 
0.5; methadone, 0.3; methamphetamine, 0.1; morphine, 0.1; phenobar- 
bital, 0.1; propranolol, 0.05; quinine, 0.1; sodium salicylate, 200.0; and 
warfarin, 1.0. 


To test the method, two plasma samples (3 ml) were obtained from 
each of two patients with alcoholic liver disease who had been taking 
propylthiouracil, 150 mg twice a day, for >3 weeks. The sampling times, 
relative to the last dose, and the plasma concentrations were: Patient 1, 
3.67 hr, 2.66 mghiter, and 5.1 hr, 0.79 mghiter; and Patient 2,3.08 hr, 1.56 
mghiter, and 5.17 hr, 0.76 mghiter. Two-point estimates of the apparent 
elimination half-lives are: Patient 1,0.80 hr; and Patient 2,2.0 hr. 


The analysis of propylthiouracil in plasma from patients with alcoholic 
liver disease showed no serious interference from other compounds in 
plasma, although the peak separation was not as good as with plasma from 
normal subjects (Fig. 1). This finding shows the advantage of a two-col- 
umn system for studies in a heterogeneous patient population. The es- 


Table  I-Propylthiouracil Assay Reproducibility Using Spiked 
Human Plasma (1 ml) 


Amount Added, Amount Recovered, Percent 
mg/liter” mghiter Recovered C V, % 


0 
0.25 
0.5 
1 
2 
4 
6 
8 


10 


0.00 
0.26 
0.47 
0.99 
2.02 
3.89 
6.17 
7.70 


10.2 


103 5.4 
94 3.7 
99 4.7 


101 2.7 
97 4.5 


103 5.7 
96 3.3 


102 3.6 


0 Eight samples were determined in each case. 


timated propylthiouracil apparent elimination half-lives of both patients 
were in the normal range. This result was supported by the fact that there 
was no unusual propylthiouracil accumulation in these patients during 
therapy. A more complete description of propylthiouracil kinetics in 
patients with alcoholic liver disease has not been reported but would be 
useful. 
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Abstract A high-pressure liquid chromatographic procedure for 
quantitative dexamethasone and dexamethasone sodium phosphate 
determinations in all types of commercially available pharmaceutical 
dosage forms was developed. The method also separates dexamethasone 
from its phosphate salt and separates dexamethasone or its salt from a 
number of inactive ingredients such as benzoic acid, benzyl alcohol, some 
colors, creatinine, and parabens. Inactive ingredient concentrations may 
he estimated without additional cost. Part  of the parabens present in the 
commercial injections may be adsorbed by the rubber closures. 


Keyphrases 0 High-pressure liquid chromatography-analysis, dexa- 
methasone and dexamethasone sodium phosphate, various pharma- 
ceutical dosage forms 0 Dexamethasone-analysis, high-pressure liquid 
chromatography, various pharmaceutical dosage forms 0 Dexamethasone 
sodium phosphate-analysis, high-pressure liquid chromatography, 
various pharmaceutical dosage forms 


The USP methods (1)  for quantitative dexamethasone 
(I) and dexamethasone sodium phosphate (11) determi- 
nations in pharmaceutical dosage forms (elixir, injections, 
ointment, ophthalmic solution, and tablets) are tedious 
and time consuming. The USP methods involve many 
different preliminary extraction procedures and tfien re- 
actions with blue tetrazolium at room temperature for 45 
min or with phenylhydrazine at  60" for 2 hr. For testing the 
injection, a 2-hr preliminary treatment with alkaline 
phosphatase is required to free the base before reacting 
with blue tetrazolium. 


Obviously, the analyst has to use different techniques 
to analyze similar active ingredients. Moreover, deter- 
mining the presence of dexamethasone base in dexa- 
methasone phosphate salt involves an additional and 
different method. 


A high-pressure liquid chromatographic (HPLC) pro- 
cedure for quantitative dexamethasone determination in 
creams and ointments was reported (2). In this method, 
the mobile phase was 0.2% acetonitrile in hexane, and the 
column was 0,P-oxydipropionitrile on Zipax (2). Appli- 
cation of this method to other pharmaceutical dosage 
forms, such as an elixir containing colors and benzoic acid 
and creams and injections containing dexamethasone so- 
dium phosphate and parabens, was not reported. 


Another HPLC procedure for quantitative dexameth- 
asone determination in.milk (3) involved a complicated 
preliminary extraction. The HPLC method reported (4) 
for quantitative plasma dexamethasone determination also 
involved complicated preliminary extraction. Further- 
more, these methods (3, 4) were not investigated to de- 
termine their applicability to pharmaceutical dosage forms 
with numerous inactive ingredients. 


This paper describes a simple HPLC procedure for the 
quantitation of dexamethasone and its phosphate salt in 
all pharmaceutical dosage forms available commercially 
which also separates dexamethasone base from its salt. The 


I 


HPLC procedure was preferred because it can often assay 
some inactive ingredients without additional cost. 


EXPERIMENTAL 


Chemicals and Reagents-All chemicals and reagents were USP, NF, 
and ACS grade and were used without further purification. Dexameth- 
asonel (I) and dexamethasone sodium phosphate' (11) were used as re- 
ceived. 


Apparatus-The high-pressure liquid chromatograph2 was equipped 
with a fixed wavelength (254 nm) detector, a recorderJ, and an inte- 
grator4. 


Column-The nonpolar prepacked column5 consisted of a mono- 
molecular layer of octadecyltrichlorosilane permanently bonded to silica 
(30 cm long and 4 mm i.d.). 


Chromatographic Conditions-The chromatographic solvent was 
0.01 M KHzP04 in water containing 50% (v/v) methanol. The tempera- 
ture was ambient, the flow rate was 1.6 ml/min, and the chart speed was 
30.5 cm/hr. The attenuation units for full-scale deflection were 0.04 for 
I and 0.1 for dexamethasone phosphate (III), which was made using an 
equivalent quantity of 11. 
Assay Solutions-The elixir (label claim of 0.1 mg of I/ml) was diluted 


from 5.0 to 25.0 ml with water. Injections (label claim of 4 mg of 1Il/ml 
from an equivalent amount of 11) were diluted from 2.0 to 100.0 ml with 
water. The ophthalmic solution (label claim of 0.1% of 111) was diluted 
from 8.0 to 100 ml with water. 


Extraction of I11 from Ointment (Label Claim of 0.05% of 
111)-Ointment (0.8 g) was dissolved in 25 ml of methylene chloride in 
a separator and extracted with 25.0 ml of water. The clear water layer was 


' Merck Shar & Dohme, West Point, Pa. 
Waters AL8202 equipped with U6K universal injector. 
Omniscribe 5213-12 equipped with an integrator. ' Autolab Minigrator, Spectra-Physics, Santa Clara, Calif 
pBondapak CLS. Waters Associates, Milford, Mass. 
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Table I-Assay Results I 


Product Results, 9i of label claim 


Synthetic injection 1 with parabens 
Synthetic injection 2 with benzyl alcohol 
Commercial injections 


1 
2 
3 


Commercial elixird 
Commercial ointmente 
Ophthalmic drops# 
Commercial tablets 


I (0.75 m /tablet, blue) 
2 (4.0 mgytablet, white) 


100.5 
99.8 


99.61 
100.1 
99.1c 
99.8 


106.9f 
109.3h 


98.3' 
99.4' 


With parabens similar to synthetic solution 1. The results on parabens were 
estimated to be only -80% of the claim. To estimate parabens, the attenuated units 
for full-scale deflection were 0.2 for methylparaben and 0.04 for propylparaben. 


Same as footnote a.  except that the results on parabens were about 76% of the label 
claim. With benzyl alcnhol similar to synthetic solution 2. The result on benzyl 
alcohol was estimated (using peak 1 in Fig. 1C) to be 99.2% of the label claim. Also 
contained red color and 0.1% benzoic acid as preservative. White petrolatum and 
mineral oil base. The result using the blue tetrazolium method as provided by the 
manufacturer was 105.0%. Also contained creatinine, sodium borate, sodium ci- 
trate, sodium bisulfite (0.32%), phenylethyl alcohol (0.25%). and benzalkonium 
chloride (0.02%). * The result using the blue tetrazolium method as provided by 
the manufacturer was 110.0%. The results with the blue tetrazolium method were 
between 302 and 425%. 


assayed using attenuation units for full-scale deflection of 0.04 instead 
of 0.1. The standard solution contained 16 pg of IWmI. 


Extraction of I from Tablets (Label Claim of Sample 1,0.75 mg 
of I/Tablet; Label Claim of Sample 2,4 mg of I/Tablet)-Ten tablets 
were weighed and ground to a fine powder. Powder representing 2.0 mg 
of the active ingredient was weighed accurately and transferred to a 
150-ml beaker. Ethanol (80 ml) was added, heated just to boiling, cooled, 
and brought to volume (100.0 ml) with alcohol. The solution was filtered, 
the first 20 ml of filtrate was rejected, and a sample was collected for 
analysis. 


Standard Solutions-Two milliliters of a stock I solution (1 mg/ml) 
in alcohol was diluted to 100.0 ml with water for the elixir or with alcohol 
for the tablets. Ten milliliters of a stock I1 solution (contained an 
equivalent amount of 0.8 mg of III/ml of water) was diluted to 100.0 ml 


2 
I 3 


I 


I 


I- " 


3 


z 
MINUTES 


Figure I-Sample chromatocrams from III. Key: peak 1 in A, freshly 
prepared standard III solution; peaks 1-5 in B, irehtinine eluting with 
the solvent, methylparaben (out of scale when using 0.1 aufs),  III, pro- 
pylporaben, and a small quantity of a decomposition product, re- 
spectively (the chromatogram was obtained from a commercial injection 
sample); peaks 1 and 2 in C,  benzyl alcohol present in a commercial 
injection from a different manufacturer; peak 3 in C ,  I I I ;  peak I in D ,  
III in a 53-day-old aqueous solution of III (160 pg/ml); and peaks 2 and 
3 in D, decomposition products. For chromatographic conditions, see 
text. 


I 


MINUTES 
Figure %-Some sample chromatograms from I .  Key: peak I in A, 
standard solution of I ;  peak 1 in B, I from a commercial elixir; other 
peaks, red color and benzoic acid (which comes out with the solvent). 
For chromatographic conditions, see text. 


with water. For the ointment, it was diluted further, 10.0 ml to 50.0 ml 
with water. Fresh I1 solutions were prepared every 4 hr. 


Solutions Similar to Two Commercial Injections-One solution 
contained, per milliliter, 4.0 mg of III,8 mg of creatinine, 10 mg of sodium 
citrate, 1.0 mgof sodium bisulfite, 1.5 mg of methylparaben, and 0.2 mg 
of propylparaben. The second contained, per milliliter, 4.0 mg of II1,l .O 
mg of sodium sulfite, and 10 mg of benzyl alcohol. These solutions were 
diluted from 2.0 to 100.0 ml with water for quantitative analysis. 


Assay-An aliquot (20.0 p l )  was injected into the chromatograph as 
described. For comparison, an identical standard solution volume was 
injected after the sample was eluted. 


Since preliminary investigations indicated that peak areas were directly 
related to concentrations (range of 0.2-0.6 pg for I, 0.5-2.0 pg for 111 for 
injections and ophthalmic solutions, and 0.1-0.4 pg of 111 for ointment), 
the results were calculated using the following equation: 


(Eq. 1) 
A, - X 100 = percent of label claim 
A S  


where A, is the assay solution peak area and A, is the standard solution 
peak area. The results are presented in Figs. 1 and 2 and Table I. 


For comparison, the commercial tablets also were assayed by the blue 
tetrazolium method as described in the USP (5) using the assay solution 
described (Table I). 


DISCUSSION 


The results indicate (Table I) that a single and simple assay can be used 
for the quantitative determinations of I and 111 in elixir, injections, 
ointment, ophthalmic solution, and tablets. The relative percent standard 
deviations based on five standard solution injections were 2.3 and 2.1 for 
I and 111, respectively. 


The USP assay methods (1) involve different preliminary treatments 
depending on the dosage form. These treatments are tedious and time 
consuming. After the preliminary treatment, color development by re- 
action with either blue tetrazolium or phenylhydrazine is also time con- 
suming. 


The standard 111 solution must be prepared fresh since it decomposes 
on standing. The single wash procedure with methylene chloride rec- 
ommended in the USP to remove I from I11 extracted only -97% of the 
total I present. The mixture contained 120 pg of III/ml and 40 pg of I/ml 
in water. A 10.0-ml quantity of the aqueous solution was extracted with 
25 ml of methylene chloride. This estimation was possible since the de- 
veloped procedure separates I and I11 very efficiently (see Figs. 1A and 
2A for retention times). 


There was no interference from: ( a )  red color and benzoic mid present 
in the elixir (Fig. 2B); ( b )  creatinine, parabens, and benzyl alcohol present 
in the injections (Figs. 1B and 1C); ( c )  phenylethyl alcohol present in 
ophthalmic solution; and ( d )  blue color and other inactive ingredients 
present in the tablets. With the tablets, there was significant interference 
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with the hlue tetrazolium procedure (Table I, footnote i) ,  presumably 
due to the heat used to extract the active ingredient. An extraction pro- 
cedure using cnld alcohol gave inconsistent and sometimes low results. 


Another advantage of the developed method is that some inactive in- 
gredients can be estimated without additional cost. For example, in 
commercial injections, parahens were estimated to be only between 76 
and 80% of the label claim (Table I, footnotes a and h ) .  This finding is 
presumably due to paraben adsorption nnto the rubber closures. This 
problem was not recorded with henayl alcohol (Table 1, footnote c) as the 
preservative. 
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Abstract  0 The biotransformation of dl-camphene in rabbits was in- 
vestigated. Four neutral metabolites, 6-exo-hydroxycamphene, 10- 
hydroxycamphene, and diastereoisomers of camphene-2,10-glycol, were 
identified and two alcohols, 7-hydroxycamphene and 3-hydroxytricy- 
clene, were estimated by IR, UV, NMR, and mass spectra and chemical 
degradations. The formation of these compounds can be explained 
through a homoallylic oxidation or an epoxide formation. 


Keyphrases Camphene-hiotransformation in rabbits, four urinary 
metabolites identified by spectrometry and chemical degradations 
Hiotransformation-camphene in rabbits, four urinary metabolites 
identified by spectrometry and chemical degradations Choleretic ac- 
tivity-camphene, biotransformation in rabbits, four urinary metabolites 
identified by spectrometry and chemical degradations 


During investigations into terpenoid detoxification in 
mammals, the biotransformation of 3-carene and a- and 
fl-pinenes having a gem-dimethyl group on the  three- or 
four-membered ring, respectively, was reported (1). In this 
paper, the biotransformation of camphene in rabbits is 
reported. Camphene has a gem-dimethyl group on the 
five-membered ring. 


Camphene is found in the essential oils of most plants, 
and conifers containing this compound are often damaged 
worldwide by field animals. The  choleretic activity of 
camphene in rats has been studied (2). The  present in- 
vestigation was carried out to clarify camphene biotrans- 
formation in mammals with respect to xenobiotics. 


RESULTS 


Characterization and Identification of Free Neutral  Metabo- 
lites-TLC and GLC revealed the products in the urinary extracts as 
shown in Fig. 1. The metabolites were column chromatographed on silica 
gel in n -hexane with gradually increasing amounts of ethyl acetate. When 
necessary, metabolites were isolated hy preparative GLC. 


Metabolites 1-3 (M-I-M-IlI)-Peak 2 was isolated preparatively 
t)y GIX as one component (TLC and GIX) and had a fragrant odor; mass 
spectrum: m/e  (%) 152 (M+, CI0H16O. 3), 134 (9). 119 (24), 108 (base), 
93 (67), 72 (21), and 66 (28); 1R u (CHC13) 3625,3450, and 890 cm-I. Its 
NMR spectrum showed two kinds of metabolites (M-I and M-11) in a 2:1 


ratio. The major signal group assigned was: b (CDCI3) 4.84 and 4.63 (each 
lH ,  S, endo-methyhe) ,  3.80 [1H, q, J5-exo-B-endo = 7, J5-endn-B-endo = 3 
Hz, -CH(OH)], 2.62 ( lH ,  h, bridge head), 2.21 ( lH,  octet,J5.elu-5.end,, 
= 13,J5.ero-6.endo = 7, J5.exo.4 = 2 Hz, exo-5) ,  1.89 (IH, b, endo-5), 1.63 
(2H, b), and 0.98 and 1.04 (each 3H, gem-dimethyl). All of these M-I 
signals agreed well with those of the synthetic 6-exo- hydroxycamphene 
(1) (3). 


The Jones oxidation of I yielded 6-oxocamphene [u  (CHC13) 1740 and 
890 cm-’] (4) with a minor ketone: mass spectrum (minor ketone): m/e 
(9’0) 150 (M+,  C1nH140,25), 135 (12), 121 (151,108 (41), 107 (98),93 (base), 
91 (54), and 79 (41); IH: u (CHC13) 1740 and 890 cm-’; N M R  b (CDC13) 
4.98 and 4.76 (each l H ,  s), 3.08 (IH,  b), and 1.16 and 1.07 (each 3H, 9). 


These spectra revealed the minor ketone to be 7-oxocamphene. There- 
fore, 7-hydroxycamphene (11) (M-11) was estimated as the camphene 
metabolite. 


The minor signal group found in the I NMR spectrum can be attributed 
to 11: 6 (CDCls) 4.73 and 4.48 (each lH ,  s), 4.24 ( lH,  bs), 2.68 ( lH,  bs), and 
1.04 (6H, s). The other minor ketone was obtained as the Jones oxidation 
product from M-111 following M-I. Its spectra were considerably different 
from those of the above-mentioned ketones; mass spectrum: m/e (96) 150 
(M+, C10H140, 7), 122 (161,107 (base), 105 (12), 91 (281, and 79 (14); IR: 
u (CHCI3) 1740 cm-I; NMR: b (CDC13) 1.21,1.04, and 1.00 (each 3H, s). 
Disappearance of the endo-methylene group suggests some camphene 
rearrangement. Accordingly, this ketone was assigned as 3-ketotricyclene 


1 ‘i 
0 30 


0 13  


- - 


2 


MINUTES 
Figure 1-TLC and GLC of dl-camphene metabolites in rabbits. The 
TLC solvent system was benzene-n-hexane-ethyl acetate ( 1 4 5 6 ) ;  GLC 
utilized an SE-30 (5% ) column. 
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CONCLUSIONS 


in conclusion, within the limits discussed, the use of log S: should make 
easier and faster the search for, and the identification of, the therapeu- 
tically best molecules. Log S: permits selectivity forecasting by methods 
and techniques analogous to the ones (quantitative structure-selectivity 
relationships) utilized to forecast biological activity. Moreover, log S: 
makes it easier and faster to compare the therapeutic characteristics of 
different molecules since it permits selectivity quantification in the 
presence of many side effects. 
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Abstract 0 The spin-filter dissolution device was characterized using 
a two-dimensipnal convective diffusion model. Experimental model 
testing involved analysis of dissolution rates from nondisintegrating 
salicylic acid disks. The disks were prepared as double-layer tablets, with 
an ethylcellulose layer as a nondissolving surface. For each dissolution 
run, the disk was positioned so that the dissolving salicylic acid surface 
was parallel to the flow of the circulating fluid. Experimental variables 
included the stirring speed, the tablet radius, and the distance of the 
tablet from the stirring source. At  the farthest distance from the stirring 
source, the average numerical exponents for stirring speed and tablet 
radius were 0.58 and 1.54, respectively, which compare favorably with 
the values of 0.50 and 1.50 from the model. When the dissolving salicylic 
acid surface was positioned closer to the stirring source, the numerical 
exponent for the stirring speed increased significantly, while the average 
numerical exponent for the tablet radius was lowered to 1.07, indicating 
a change in dissolution mechanism as a function of distance from the 
stirring source. These data indicate that dissolution rates are not nec- 
essarily proportional to surface area as predicted by the Nernst equation 
and that distance from the stirring source is significant. 


Keyphrases Hydrodynamics-dissolution devices, spin filter, salicylic 
acid disks Models, hydrodynamic-dissolution devices, spin filter, 
salicylic acid disks 0 Dissolution devices-spin filter, hydrodynamic 
analysis, models 


Knowledge of critical operating variables for a dissolu- 
tion device is important to the pharmaceutical scientist 
interested in product development, quality control, and 
research applications. A recent paper (1) discussed certain 
operating variables for the spin-filter dissolution device 
developed by Shah et al. (2). The results of this investi- 
gation indicate that the dissolution of a tablet placed in a 
basket is much more rapid from the face of the tablet 
resting on the bottom of the basket than from the face in- 


side the basket. This effect was duplicated at  stirring 
speeds of 300 and 500 rpm. 


Understanding and predicting the dissolution perfor- 
mance for a given dissolution instrument require evalu- 
ating the instrument with a justifiable model. The purpose 
of the present study was to continue an evaluation of the 
spinning-filter device via a convective diffusion model 
based on a physically realistic and mathematically sound 
development. 


THEORY 


The model chosen is a classical one involving the flow of incompressible 
fluids past immersed bodies. For a nondissolving plate immersed in a fluid 
where the free stream velocity is U [centimeters per second), the velocity 
of the fluid in contact with the surface of the plate ( y  = 0) is assumed to 
be zero and frictional resistance retards the moving fluid in a thin layer 
near the wall. A property of the hydrodynamic boundary layer, h 1 (cen- 
timeters), is that  its thickness is a function of the length of the plate. I t  
is assumed that h l  is zero a t  the leading edge of the plate (x = 0). A 
functional relationship between the hydrodynamic boundary layer, hl,  
the free stream velocity, U ,  and the length of the plate, x,  is: 


hl = 4.64 b)1‘2 (Eq. 1) 


Thus, h 1 increases as a function of the square root of the distance along 
the x axis of the plate and diminishes by a factor equal to the reciprocal 
square root of the free stream velocity. As Levich (3) emphasized, in re- 
ality hl is not a distinct distance. Instead, it represents a transition from 
viscous flow in the hydrodynamic boundary layer to inviscid flow in the 
main stream and is smooth and gradual. The thickness is commonly de- 
fined as the distance from the wall ( y  = 0) to a point where the velocity 
in the x direction is 90% of the free stream velocity. 


A mass transfer model under conditions of forced convection can now 
be evaluated. Once again, visualize a plate immersed in a fluid stream. 


1004 f Journal of Pharmaceutical Sciences 
Vol. 68, No. 9, September 1979 


0022-3549f 7910900- 1084$0 1.001 0 
@ 1979, American Pharmaceutical Association 







Figure 1-Development of hydrodynamic boundary layer and diffusion 
layer. 


Now, however, the plate has a dissolving surface; as a fluid flows past the 
immersed solid, a hydrodynamic boundary layer, hl ,  as well as a diffusion 
layer, h:!, forms (Fig. 1). The relative thickness of the two boundary layers 
is given by: 


(Eq. 2) 


where D is the diffusion coefficient (square centimeters per second) of 
the solute and u is the kinematic viscosity (square centimeters per second) 
of the dissolution fluid. For dissolving solids of pharmaceutical interest, 
D is Therefore, hzlhl is expected to be 
on the order of 0.05/1. The equation that relates h:! and hl is: 


and u for water is 


(Eq. 3) 


The diffusional flux, j (grams per second square centimeter), to the 
plate is: 


j = -D ($1 (Eq. 4) 


where (dc ldy)  is the concentration gradient. We are interested in eval- 
uating (dc ldy)  a t  the wall, i.e., where y = 0. Differentiating a particular 
concentration profile’ that  provides a functional relationship between 
c and y yields: 


(Eq. 5) 


Substituting the expression for h:! from Eq. 3 gives the diffusional flux 
for the model shown in Fig. 1: 


(Eq. 6) 


where C, is the saturation solubility (grams per cubic centimeter). This 
equation expresses the physical situation where the diffusional flux de- 
creases as the reciprocal o f  the square root of the distance from the leading 
edge of the plate. As Levich (3) pointed out, different points along the 
plate are not uniformly accessible to diffusion. Furthermore, Eqs. 3 and 
6 express a physically and mathematically defined diffusion layer rather 
than allow it to be empirically defined according to the commonly used 
Nernst equation. The mechanistic inadequacy involved with the appli- 
cation of the Nernst theory was commented on previously (3,5,6). 


The governing equations for the model shown in Fig. 1 recognize ve- 
locity components and concentration gradients for both the x and y axes 
(3). Under particular experimental conditions, the convection term in 
one axis and the diffusional term in another axis may be equated with 
zero (5). However, the present experimental design seeks to test a model 
that conforms with Fig. 1. 


EXPERIMENTAL 


The dissolution rates were determined in a modified rotating-filter- 
stationary basket dissolution device2s3. In place of the stationary basket, 
a nut and holder assembly was developed that would permit the disso- 
lution from a constant area surface of a nondisintegrating tahlet disk. 


The compound selected for study was salicylic acid. Double-layer 
tablets of 0.624-cm radius consisted of 150 mg of salicylic acid and 150 
mg of ethylcellulose; double-layer tablets of 0.451-cm radius consisted 
of 85 mg of salicylic acid and 85 mg of ethylcellulose. These two ingredi- 
ents were compressed a t  2273 kg of pressure for 15 sec on a hydraulic 


1 Theconcentration profile chosen was C/C, = 1 1.5(y/h2) + 0;5(y/h2)’. Details 
concerning the concentration profile and analysis of two-dimensional heat (mass) 
transfer models oia Von Karman integral method are provided in Ref. 4. 


2 Courtesy of The llpjohn Co.,  Kalamazoo, Mich. 
3 The Virtis Co.. Cardiner. NY 12525. 
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Figure 2-Typical dissolution profile for the double-layer tablet: (tablet 
radius of 0.624 cm, position of 1.25 cm from the stirring source, and 
stirring speed of 400 rpm). 


press4. All tablets were 0.194 cm thick. Epoxy glue was used to connect 
the nut and double-layer tablet for use with the holder device. 


The stirring speeds were controlled by a magnetic stirrer3 with a ta- 
chometer, and a strobe light was used to check the speeds. A 0 . 5 - ~ m  
stainless steel filter3 was used in the spinning-filter device. Temperature 
was maintained a t  37’. The dissolution medium consisted of an aqueous 
solution buffered to pH 1.2 with hydrochloric acid buffer, maintaining 
the dissolved drug in the unionized form. 


The position of the tablet in the dissolution apparatus is important. 
The dissolution apparatus was set up as originally described (2) with the 
spinning filter in a vertical position a t  the center of the dissolution flask. 
The vertically located spinning filter represents t hey  axis. The vertical 
location of the tablet was kept constant at the vertical midpoint of the 
spinning filter. The horizontal distance of the tablet from the spinning 
filter along the x axis was varied; 2.58 cm from the center of the tablet 
holder to the edge of the spinning filter was the farthest distance studied, 
and 1.25 cm from the center of the tablet holder to the edge of the rotating 
filter was the nearest distance studied. The nondissolving ethylcellulose 
side of the tablet was placed up in relation to the bottom of the flask, and 
the dissolving salicylic acid side was placed down and parallel to the flask 
bottom. 


The assay was conducted spectrophotometrically at 305 nm. All ex- 
periments were conducted in the same dissolution flask, thereby elimi- 
nating cell to cell variation. The ethylcellulose did not contribute to 
dissolution and showed no observable change after dissolution. 


The spectrophotometer was allowed to warm up  for -20 min before 
the experiment was begun. Three runs were conducted for each stirring 
speed, and these studies were conducted using four stirring speeds: 200, 
300,400, and 500 rpm. Samples were withdrawn automatically at known 
time intervals and assayed on a ~pectrophotometer~. A calibration curve 
confirmed linearity throughout the absorbance range used. 


RESULTS A N D  DISCUSSION 
Dissolution experiments were done in triplicate for each experimental 


condition. A representative dissolution profile for a particular set of ex- 
perimental conditions is provided in Fig. 2. Each point shown is the av- 
erage of three experiments, and the associated standard deviation is in- 
dicated by the vertical line. As anticipated, all dissolution data plotted 
in this way were linear and reproducible. The dissolution rates, R, were 
calculated from the data in Fig. 2 and a series of similar curves. For a 
circular disk wetted on one side, Eq. 6 becomes: 


y 113 u 1/2 
R = (1.58)(D)(C8) - 


(D) (Y) (r”‘5 
(Eq. 7) 


where R is the dissolution rate (grams per second) and r is the disk radius 
(centimeters). A logarithmic transformation of this expression leads 
to: 


In R = In A + l/* In U + 1.5 In r (Eq. 8) 


4 Model K, hydraulic equipment, Fred S. Carver Inc., Summit, N.J. 
5 Hitachi Ltd., Tokyo, Japan. 
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Table I-Dissolution Rates (Milligrams per  Minute) for  the 
Salicylic Acid Disks Positioned 2.58 cm from the  St i r r ing Source 


Numerical 
Coefficient for 


-4.5 


W 
I- a a 


0 
3 a 


2 -5.0 


!- 


g -5.5 


Stirring Tablet Radius, cm Tablet Radius 
Speed, rpm 0.451 0.624 (0.624/0.45 1) 


- 


- 


- 


200 0.00400 0.00677 1.62 
300 0.00485 0.00767 1.41 
400 0.00591 0.01000 1.69 
500 0.00687 0.01090 1.42 


1.54 f 0.142 


where: 


A = (1.58)(D)2/3(u)-”6(Cs) 0%. 9) 


Of initial interest is the relationship between the dissolution rate and 
the stirring speed. A graphical presentation of the data is given in Fig. 
3, where the natural logarithm of the mean dissolution rate6 is plotted 
versus the natural logarithm of the stirring speed. The salicylic acid disks 
in this case were positioned 2.58 cm from the stirring source, the farthest 
distance studied. According to Eq. 7, the expected slope of these data is 
0.5. For a tablet with a 0.451-cm radius, the least-squares slope is 0.61 with 
an associated standard error of 0.029; for a tablet having a 0.624-cm ra- 
dius, the least-squares slope is 0.55 with an associated standard error of 
0.050. 


The average numerical coefficients relating the dissolution rate with 
the stirring speed are 0.58 for the experimental data and 0.50 according 
to theory. A deviation of 16% from the theory requires explanation. One 
possihle reason is that the theory is not perfect in explaining the flow 
patterns developed by the spinning-filter device. The physical picture 
of the free stream flow patterns inherent in the model is a unidirectional 
flow, which is laminar and which will develop a well-behaved hydrody- 
namic boundary layer. The flow actually developed from the spinning- 
filter device is tangential. 


Figure 4 is a plot of the natural logarithm of the mean dissolution rate 
verms the natural logarithm of stirring speed. These dissolution rates 
were generated with the salicylic acid disk positioned 1.25 cm from the 
stirring source, the nearest distance studied. The distance from the 
stirring source is of interest in an agitated vessel where it is reasonable 
to anticipate that the power generated by the stirrer will not be equally 
distributed throughout the vessel. The intensity of stirring is expected 
to be greater closer to the agitator. Therefore, the stirring coefficient may 
be a function of the distance of the dissolving disk from the stirring device, 
and these data test this relationship. For a tablet with a 0.451-cm radius, 
the least-squares slope is 0.80 with a standard error of 0.058; the least- 
squares slope for a tahlet with a 0.624-cm radius is 0.66 with a standard 
error of 0.036. The stirring coefficients for both tablet radii are consid- 
erably above the anticipated value of 0.5 and validate the idea that the 
coefficient is a function of the stirring intensity or the distance of the disk 
from the agitation source. 


An analysis of heat transfer with turbulent flow parallel to a flat plate 


I I I I I I 
5.4 5.6 5.8 6.0 6.2 


In REVOLUTIONS PER MINUTE 


Figure 3-Natural logarithm of dissolution rate versus natural loga- 
rithm of stirring speed for salicylic acid disks positioned 2.58 cm from 
the stirring device. Key (tablet radius): 0 ,  0.451 cm; and $, 0.624 cm. 


Each point in Figs. 3 and 4 represents the average slopes from the dissolution 
profiles similar to those shown in Fig. 2. 


Table 11-Dissolution Rates  (Milligrams per Minute) fo r  the 
Salicylic Acid Disks Positioned 1.25 c m  f rom the St i r r ing Source 


____ _ _ _ _ ~  ~~ 


Numerical 
Coefficient for 


Stirring Tablet Radius, cm Tablet Radius 
Speed, rpm 0.451 0.624 (0.624/0.451) 


200 0.00406 0.00640 1.40 
300 0.00638 0.00860 0.920 
400 0.00734 0.00980 0.890 
500 0.00846 0.01190 1.05 


1.07 f 0.234 


(7) leads to a coefficient of 0.6-0.8. Therefore, the experimental stirring 
coefficients a t  closer distances may imply that a turbulent hydrodynamic 
boundary is present, with the result that  the dissolution rate is more 
sensitive to the stirring speed. This finding is of practical importance 
because it indicates that one must be sensitive to  the distance variable 
to generate reproducible dissolution data. 


Further analysis shows that the average numerical coefficient relating 
the functional dependence of the dissolution rate with the tablet radius 
for a tablet positioned farthest from the stirring source is 1.54 (Table I). 
The expected value for the model is 1.5, and verification of this numerical 
coefficient is particularly important with regard to understanding the 
dissolution mechanism. As already discussed, the model expresses the 
fact that  the dissolving plate is not uniformly accessible to diffusion. 


This concept is inherent in the mathematical expressions given by Eqs. 
$5, and 6 for the diffusion layer thickness. It is also important to compare 
this relationship with the comtnonly used Nernst theory, where one would 
expect the dissolution rate to be related to area and the expected nu- 
merical coefficient is 2 (area = m2). As Nelson and Shah (5,6) verified, 
the Nernst theory does not provide for mechanistic insight under certain 
conditions of forced convection. 


The data in Table I1 are fnr a tablet positioned closest to the stirring 
device and show that the average numerical coefficient for the tablet 
radius is 1.07, which is considerably lower than the expected value for 
the model of 1.5. More importantly, the coefficient varies with stirring 
speed. At 200 rpm, the coefficient is 1.40 and decreases noticeably a t  
stirring speeds of 300, 400, and 500 rpm. Therefore, the original model 
is not successful in predicting the functional relationship between the 
dissolution rate and the tablet radius. The apparent lack of parallelism 
between the two curves shown in Fig. 4 leads one to believe that the 
original model must be modified to include an interaction term between 
the stirring speed and the tablet radius7 to account for the apparent 
difference in flow patterns across the entire dissolution surface. 


T o  learn more about the flow patterns, visualization studies were ac- 
complished by adding phenolphthalein to the salicylic acid portion of 
the disk. The colored indicator appeared when the salicylic acid disk 
dissolved in an aqueous medium alkalinized with sodium hydroxide, thus 
allowing the flow pattern to be seen. In particular, patterns across the 
surface of the dissolving disk could be seen in detail. Colored photographs 
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Figure 4-Natural logarithm of dissolution rate  versus natural  loga- 
rithm of stirring speed for salicylic acid disks positioned 1.25 cm from 
the stirring device, Key (tablet radius): 0,  0.451 cm; and *, 0.624 cm. 


From statistical analysis of the data, there is insufficient evidence to indicate 
that the two lines are not parallel at the 0.05 level of significance. but a lack of 
parallelism exists at the 0.10 level of significance. 
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were taken at  the near and far positions with the filter turning at 300 rpm. 
These photographs showed that the flow at the tablet surface was uniform 
and parallel to the filter face with an even color distribution when the disk 
was a t  the far position from the stirring source. The tailing streams of 
color away from the tablet revealed the tangential nature of the stirring 
patterns. This overall visualization is reasonably close to that assumed 
by the model and is in keeping with the data analysis from the dissolution 
experiments. 


For the near position, the colored photographs showed that the flow 
pattern at  the surface was less uniform and in the direction of the spinning 
filter rather than parallel to it. Furthermore, a concentration of color 
appeared on the filter side of the tablet. The visualization procedure 
combined with dissolution data confirms that the flow pattern is in- 
fluenced by the distance from the rotating stirring source. Dissolution 
rates measured from disintegrating tablets would presumably be in- 
fluenced in a similar way, making basket placement a critical factor. 


SUMMARY 


At the farthest distance from the stirring source, the average numerical 
exponents for stirring speed and tablet radius were 0.58 and 1.54, re- 
spectively, which compares favorably with the theoretical values of 0.50 
and 1.50. When the dissolving salicylic acid surface was positioned closer 
to the stirring source, the numerical exponent for the tablet radius was 


lowered to 1.07, indicating a change in dissolution as a function of distance 
from the stirring source. These data indicate that dissolution rates are 
not necessarily proportional to surface area, as predicted by the Nernst 
equation, and that distance from the stirring source is a significant factor. 
Convective diffusion models combined with easily accomplished visu- 
alization techniques provide the methodology needed to characterize 
various dissolution devices. 
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Abstract o The bioavailability of fenoprofen from three different 
fenoprofen calcium capsule formulations containing the equivalent of 
60,165, and 300 mg of fenoprofen was determined in two studies. In the 
first study, 12 subjects received one capsule of each formulation according 
to a three-period crossover design. The second study required each of 13 
subjects to receive 300 mg of fenoprofen equivalent of the 60- and 300-mg 
capsules and 330 mg of the 165-mg capsule. The initial study provided 
information on the linearity of fenoprofen pharmacokinetics, and the 
second study established that the three capsule formulations were 
bioequivalent. The bioavailability parameters C,,, t,,, and A UCc~12 hr 
for the drug in plasma were consistent with a linear pharmacokinetic 
model, as were the amounts of fenoprofen and hydroxyfenoprofen ex- 
creted in the urine. These data show linearity of kinetics for fenoprofen 
in plasma throughout the 60-300-mg dosage range after a single dose. 
Physical measurements of each capsule formulation drug content, weight 
variation, and dissolution showed the products to be uniform and readily 
soluble. 


Keyphrases Fenoprofen-pharmacokinetics, oral administration, 
calcium salt 0 Pharmacokinetics-fenoprofen calcium, oral adminis- 
tration 0 Anti-inflammatory agents-fenoprofen calcium, pharmaco- 
kinetics, oral administration 


Fenoprofen calcium’ was shown to be a useful anti-in- 
flammatory agent in osteoarthritis (1-4) and rheumatoid 
arthritis (5-16) in adults. To extend the therapeutic range 
of the compound, drug formulations containing 60-300 mg 
of fenoprofen equivalent as fenoprofen calcium2 were se- 
lected for juvenile rheumatoid arthritis studies. This paper 


1 Nalfon, Dista Products Co. (a Division of Eli Lilly and Co.). 
2 Drug weight is reported in this paper as fenoprofen equivalent of fenoprofen 


calcium. 


reports the linearity of fenoprofen pharmacokinetics, 
fenoprofen bioavailability, and the uniformity of drug 
excretion after a single-dose oral administration of capsules 
containing 60,165, or 300 mg of fenoprofen equivalent in 
an adult population. 


EXPERIMENTAL 


Clinical Study Protocol-Healthy adult male volunteers, 18-50 years 
old, participated in the two studies. Their weight was f10% of the ideal 
weight (17). The subjects had no history of significant GI disorder; he- 
patic, renal, hematological, or cardiovascular disease; or chronic alco- 
holism. Each subject underwent a urinalysis, hematology, and blood 
analysis3 as well as a physical examination to ensure inclusion of only 
subjects in good health. 


In the first bioavailability study, 12 subjects were placed into Groups 
I, 11, and 111. Each group consisted of four subjects, each of whom received 
a single capsule of 60,165, or 300 mg of fenoprofen equivalent (Table I) 
on three consecutive occasions, with a 2-day washout period between each 
dose. Each subject was instructed to adhere to a standard protocol and 


Table  I-Fenomofen Calcium CaDsule Formulas * 


Capsule*, mg 
Ingredient 60 165 300 


Fenoprofen calcium 
Silicone fluid 350 centistokes 
Microcrystalline cellulose with 


carboxymethylcellulose sodium‘ 


70.0 192.5 350.0 
3.0 8.2 15.0 


217.0 179.2 125.0 


Values in milligrams. * Fenoprofen equivalent. A v i d  RC-591 MCC, FMC 
Corp. 


3 SMA 12/60. 
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actual measurement is difficult. Scheme I1 illustrates such a calculation 
for methyltestosterone starting from the 17-androstyl group. 


Table 111 summarizes similar calculations of the free energy of transfer 
of the compounds studied along with the measured partition coefficients 
taken from the data shown in Fig. 7. 


Agreement (within a factor of 2) was obtained between the calculated 
partition coefficients and the measured values with the exception of 
methyltestosterone acetate. The measured value for methyltestosterone 
added to the acetyl group contribution determined from the data for 
1-methylcyclopentanol and 1-methylcyclopentyl acetate gave a value of 
-5000 for the partition coefficient, which is in much better agreement 
with the experimental value. 


This study shows that in cases where experimental values are difficult 
to obtain, estimates based on the group contribution approach are rea- 
sonably accurate. 


If one takes the measured solubility in isooctane and divides by the 
partition coefficient as an approximation to the solubility in water, rea- 
sonable agreement with the measured solubility values is obtained. Thus, 
in the special case of extremely low solubility in water, estimating the 
partition coefficient by the group contribution approach and combining 
it with the known solubility in an organic solvent provide a good estimate 
of the aqueous solubility. In such cases, this approach may be the only 
feasible method of obtaining an accurate solubility estimate. 
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Abstract  0 A procedure was developed for measuring small amounts 
of phenylmercuric nitrate in aqueous solutions. The method depends on 
the formation of insoluble phenylmercuric iodide upon titration of 
phenylmercuric nitrate with potassium iodide. The end-point can be 
detected using an iodide-sensitive electrode. The method is able to  
measure down to 0.000125% aqueous solution of phenylmercuric nitrate 
with a 1% accuracy. Procedural details and descriptions of excipient ef- 
fects on the assay are presented. Naphazoline hydrochloride, phenyl- 
ephrine hydrochloride, fluorescein sodium, and antipyrine interfered with 
the method, while the common buffer systems, polyvinyl alcohol, sodium 
thiosulfate, edetate sodium, and chloramphenicol had no effect. 


Keyphrases Phenylmercuric nitrate-analysis, potentiometric ti- 
tration, dilute aqueous solutions, excipients Ophthalmic dosage 
forms-phenylmercuric nitrate, potentiometric titration analysis, dilute 
aqueous solutions, excipients 0 Potentiometric titration-analysis, 
phenylmercuric nitrate, dilute aqueous solutions 


Phenylmercuric nitrate is frequently used as a preser- 
vative for ophthalmic and other preparations. To carry out 
routine determinations of small amounts of phenylmer- 
curic nitrate in aqueous solution, a simple, rapid, and 
sensitive assay is necessary. Published methods for de- 
termining phenylmercuric nitrate have been numerous, 
but many of these are tedious or lack sensitivity. 


BACKGROUND 


Microbiological methods (1) are time consuming and are only semi- 
quantitative. Spectrophotometric methods take advantage of the UV 
absorption a t  257 nm by phenylmercuric nitrate (2). Although this assay 
is rapid, its sensitivity is limited. Many procedures involve conversion 
of iirganomercury to mercuric ion, followed by classical thiocyanate ti- 
trimetry ( 3 ) .  Again, this method lacks the sensitivity required for very 
dilute solutions. 


The British Pharmacopoeia lists the dithizone extraction method (4), 
which involves extraction of the mercury from an acidic solution with a 
solution of dithizone in chloroform. The dithizonate is then measured 
spectrophotometrically. Because of the extractions involved, this method 
is tedious for routine determinations. 


Ordinary polarographic methods have been used for higher phenyl- 
mercuric nitrate concentrations (5); cathode ray polarography of 
phenylmercuric nitrate has been investigated (6) and is a simple, rapid, 
and sensitive assay for routine determinations. Furthermore, phenyl- 
mercuric nitrate has been detected satisfactorily by atomic absorption 
spectroscopy (7). This procedure is based on “protodemercuration” of 
the mercurial compound with hydrochloric acid under various heating 
conditions, followed by reduction of the resulting mercuric ion to ele- 
mental mercury with subsequent detection and quantitation by vapor 
phase atomic absorption spectroscopy. Since these procedures require 
instruments that  may not be readily available, the technique described 
in this paper was developed. This relatively rapid, simple, and sensitive 
assay is based on the precipitation of the phenylmercuric moiety with 
iodide ion. 


(8), is formed when 
an aqueous solution containing phenylmercuric ions is titrated with iodide 
according to Scheme I. 


Insoluble phenylmercuric iodide, K., = 9.7 X 


CsHs-Hg’ -t I- 5 CsH5 -HgI 
Scheme I 


In the developed procedure, the end-point for this reaction is detected 
potentiometrically using an electrode sensitive to iodide ions. 


EXPERIMENTAL 


Five milliliters of an aqueous phenylmercuric nitrate’ solution was 
transferred to a 50-ml beaker equipped with a magnetic stirring bar. The 
amount of phenylmercuric nitrate in solution ranged from -0.05 to 2.5 


1 Lot 0900030, British Drug Houses Chemicals Ltd., Poole, England. 
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Table I-Comparison of Known and Measured Phenylmercuric 
Nitrate Concentrations 


Table 11-Effect of Excipients on Assay of 0.002% 
Phenylmercuric Nitrate Solution 


Known Phenylmercuric Nitrate Measured Concentration, 
Concentration, % w/v % of known' 


0.0100 
0.00500 
0.00200 
0.00100 
0.000500 
0.000250 


99.4 f 0.06 
98.4 f 0.00 
99.5 f 0.00 


101.7 f 1.15 
100.6 f 2.06 
100.0 & 1.13 ~ ~ ~ ~ ~ 


0.000125b 98.9 f 0.92 


Average of three determinations f SD. * The lowest concentration that the assay 
could detect with confidence. 


mg. Twenty milliliters of distilled water was added to make a workable 
volume, and the solution was acidified with concentrated sulfuric acid2. 
This solution was titrated, using a p~tentiograph~, with a solution of 
known concentration of potassium iodide' saturated with iodine6. The 
potassium iodide concentration was approximately equal to the con- 
centration of phenylmercuric nitrate being assayed. The solution was 
stirred continuously uia a magnetic stirrer. 


A platinum electrode6 was used to detect the iodide concentration, and 
a calomel electrode' equipped with a potassium nitrates salt bridge was 
used as the reference electrode. The end-point of each titration was read 
directly from the recording chart of the potentiograph. 


The iodine-saturated potassium iodide solution was standardized by 
titrating a known amount of analytical standard phenylmercuric acetateg 
with the potassium iodide solution. 


RESULTS AND DISCUSSION 


The potentiometric method is based on the ability of the electrode to 
detect the sudden increase of iodide ions once the phenylmercuric cation 
in the solution has precipitated as phenylmercuric iodide. Platinum in 
contact wit,h iodine is sensitive to iodide (9) and was used as the indicating 
electrode. The iodine necessary for detecting the iodide ions was present 
in the potassium iodide solution. In a solution that contains iodide ion 
and molecular iodine, a reaction between the two species occurs as in 
Scheme 11. 


I2 + I- == 15 
Scheme I I  


Then, according to the law of mass action: 


A t  18', K is equal to 8.70 X lo2 (9). Therefore, in fact, the phenyl- 
mercuric nitrate is being titrated by the I, species, which consequently 
generates the I- species. Kolthoff and Furman (9) suggested that, for the 
titration of mercuric ions with iodide, 12 be introduced as an alcohol so- 
lution into the solution being titrated. However, when this was done, 
end-point reproducibility became a problem. This result was probably 
due to competition for the iodide ion by the phenylmercuric cation and 
the molecular iodine or to the formation of small amounts of iodide from 
the iodine (9). When the iodine is in the potassium iodide solution, the 
competition is prevented and the added iodide is accounted for during 
the standardization. 


As an alternative to platinum in contact with iodine to detect the iodide 
ions, one may use an iodide-specific electrode'O. Several determinations 
made with such an electrode gave results similar to those obtained with 
the platinum electrode. 


Figure 1 shows a plot of potential uersus titrant volume. Equilibrium 
apparently was established rapidly between the species involved in the 
titration. Therefore, no drift was observed, and the end-point was sharp. 
The sulfuric acid, which was added to the phenylmercuric nitrate solution 


* ACS approved, J. T. Baker Chemical Co., Phillipsburg, N J  08865. 


' Lot 83176, British Drug Houses Chemicals Ltd., Poole, England. 
Model E 336 A, Metrohm, Herisau, Switzerland. 


Lot 710919, laboratory grade, Fisher Scientific Co., Fair Lawn, N J  07410. 
Model EA201, Metrohm, Herisau, Switzerland. 
Model EA436, Metrohm, Herisau, Switzerland. 
Lot 723124, laboratory grade, Fisher Scientific Co., Fair Lawn, NJ 07410. 
Lot 12028, analytical standard, British Drug Houses Chemicals Ltd., Ponle, 


En land. 
15 Model 94-53A, Orion Research Inc., Cambridge, MA 02139. 


Percent of 
Percent, Original 


Excipient WIV Concentration' 


Boric acid 1.00 98.3 f 1.04 
0.05 98.6 f 1.26 Sodium borate 


Acetic acid 0.005 99.7 f 1.04 
Sodium acetate 1.0 99.5 f 0.87 
Dibasic sodium phosphate 1.0 99.8 f 0.58 
Monohasic sodium phosphate 1 .o 100.3 i 0.76 


1.4 100.5 f 0.58 Pol inyl alcohol 
ium thiosulfate 0.1 100.4 f 0.58 


0.1 99.5 f 1.15 Edetate sodium 
C hloramphenicol 0.5 89.3 f O.2gb 
Naphazoline hydrochloride 0.1 Ob 
Phenylephrine hydrochloride 0.12 Ob 
Fluorescein sodium 0.1 Ob 
Antipyrine 0.1 O* 


Sod" 


Average of three determinations i SD. b Significantly different from original 
phenylmercuric nitrate concentration, 


before the titration began, was crucial to the sharpness of the end-point. 
This observation may be similar to that seen in the titration of iodide with 
silver nitrate (9). When the titration was carried out in acidic solution, 
the phenylmercuric iodide flocculated from the start of the titration, 
whereas in a neutral medium the iodide remained in colloidal solution 
and flocculated just before the equivalence point was reached. Owing to 
the high degree of dispersion, the adsorbing capacity of the iodide was 
much greater in the latter case than in an acidic medium. However, too 
much sulfuric acid caused reproducibility problems. About 5 drops of 
concentrated sulfuric acid sufficed. 


To check the sensitivity, precision, and accuracy of the analytical 
procedure followed for phenylmercuric nitrate, measurements were made 
with known amounts of phenylmercuric nitrate (Table I). The accuracy 
throughout the concentration range was -1%. The lowest measurable 
concentration was 0.000125%. Below this concentration, the end-points 
were not sharp enough. A t-test performed on these data showed that the 


750r 


700 i 
660 - 


600 - 


E 
j 6 6 0 -  


2 z 
500-  


2 


0 1 2 3 


Figure 1-Potential change for the titration of O.G02% phenylmercuric 
nitrate with 0.0025 potassium iodide. 
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average of the results is not significantly different from loo%, so the 
method does not appear to have any bias. 


Ophthalmic products that contain phenylmercuric nitrate have other 
substances in the solution such as the active drug, reducing agents, buffer 
systems, and surfactants. To assess the effectiveness of the assay for 
phenylmercuric nitrate in ophthalmic products, the effect of these other 
substances on the assay was determined. Table I1 shows the approximate 
concentration of the excipient used to determine its effect on the assay. 
Concentrations of buffer pairs were such that the solutions were isotonic 
and at pH 7. 


Table I1 shows four excipients that interfered completely with the 
phenylmercuric nitrate assay; i.e., no end-point could be obtained. Al- 
though they are used in commercial products (10) with phenylmercuric 
nitrate, the drugs naphazoline hydrochloride and phenylephrine hy- 
drochloride probably cause precipitation of insoluble phenylmercuric 
chloride even before the titrating begins, as shown in Scheme 111. 


C,jHb-Hg+ + c1- =+ C6HjHgCI 
Scheme III  


The K,, for this reaction is 5.0 X (8); therefore, the solubility limit 
of phenylmercuric chloride is exceeded in the phenylmercuric nitrate 
solutions containing naphazoline hydrochloride and phenylephrine hy- 
drochloride. This would no doubt also happen in solutions of other halide 
salts. It was reported that antipyrine complexes with mercury compounds 
(11). If this complexation occurs with phenylmercuric nitrate, it might 
prevent the formation of the insoluble phenylmercuric salt, which is 
crucial to the titration. In contrast to the other systems, the effect of 
fluorescein sodium on the assay and the significant decrease of phenyl- 
mercuric nitrate in the presence of chloramphenicol remain unex- 
plained. 


In summary, this method of analysis for phenylmercuric salts should 


prove useful in applications requiring phenylmercuric nitrate determi- 
nation in dilute solution. 
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Abstract A procedure was developed for the separation and selective 
quantitative determination of the ( S ) ( + ) -  and (R)(-)-enantiomem of 
the racemic anti-inflammatory drug carprofen as their diastereomeric 
I-(-)-a-methylbenzylamides. These derivatives are obtained in equiv- 
alent yields by reacting purified 14C-carprofen from biological specimens 
with I-(-)-a-methylbenzylamine oia the 1,l’-carbonyldiimidazole in- 
termediate, followed by extraction and differential radiometric quanti- 
tation of the TLC-separated diastereomers. In the rat, the (R)(-)-car- 
profen enantiomer was eliminated from blood and secreted in the bile 
as the ester glucuronide at  a rate approximately twice that of the (S)- 
(+)-enantiomer, resulting in the accumulation of the pharmacologically 
more active (S)(+)-enantiomer in the rat blood. Evidence for an addi- 
tional process favoring the elimination of the (R)(-)-enantiomer in the 
rat was derived from pharmacokinetic data evaluation. 


Keyphrases 0 Carprofen-racemic mixtures, stereospecific assay, 
stereospecific metabolism, rats Enantiomers-carprofen, stereospecific 
assay, stereospecific metabolism, rats Anti-inflammatory agents- 
carprofen, racemic mixtures, stereospecific assay, stereospecific me- 
tabolism, rats 


The anti-inflammatory agent carprofen (11, (D,L)-6- 
chloro-a-methylcarbazole-2-acetic acid (I), is a racemic 
compound with a chiral center a t  the a-carbon. The opti- 
cally active carprofen enantiomers have been resolved, and 


their confirmations have been identified by X-ray anal- 
ysis’. 


The properties of the dextrorotatory (S)(+)-enantiomer 
(11) and the levorotatory (R)(  -)-enantiomer (111) have 
been compared in biological in uiuo and in uitro tests (1). 
In the acute adjuvant arthritis test in the rat, the ( R ) -  
(-)-enantiomer was less than one-tenth as active (ID30) 
as the (S)(+)-enantiomer. In contrast to the latter, the 
former was virtually inactive as an inhibitor of platelet 
aggregation, prostaglandin synthetase, and arachidonic 
acid-induced diarrhea; it produced no ulcerogenesis nor 
any other in uiuo manifestation of toxicity in the rat. 


Therefore, a stereoselective disposition of the two car- 
profen enantiomers could result in a different phar- 
macokinetic profile of the biologically active enantiomer 
from that previously determined by nonstereospecific 
procedures following administration of the racemate (2, 
3). Possible stereoselective drug disposition processes in- 
clude selective biotransformation reactions, tissue uptake, 


1 The identification by X-ray crystallography of the chiral configuration of the 
carprofen enantiomers was performed by Dr. J. F. Blout of the Roche Department 
of Physical Chemistry. 
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High-pressure Liquid Chromatographic Determination of 
Propylthiouracil in Human Plasma 
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Abstract 0 A high-pressure liquid chromatographic procedure was 
developed for the determination of propylthiouracil in plasma. The 
method utilizes a reversed-phase CIS chromatographic column and UV 
detection at 280 nm. The method is sufficiently sensitive for most bio- 
availability and pharmacokinetic studies. Concentrations between 0.1 
and 5.0 pg/ml were measured with a coefficient of variation of 0.6-5.3% 
for a given day. Methylthiouracil was employed as an internal stan- 
dard. 


Keyphrases 0 Propylthiouracil-analysis, high-pressure liquid chro- 
matography, human plasma Thyroid inhibitors-propylthiouracil, 
high-pressure liquid chromatographic analysis, human plasma 0 High- 
pressure liquid chromatography-analysis, propylthiouracil, human 
plasma 


Several methods have been reported for the analysis of 
the thyrostatic drug propylthiouracil in biological fluids. 
Each method has some disadvantage with respect to sen- 
sitivity, selectivity, reproducibility, and/or adaptability 
for use in a large-scale bioavailability study. The use of 
radioactive isotopes (1,2) is generally unsuitable in bio- 
availability studies because some modification has to be 
made in the normal production of the propylthiouracil 
dosage forms. Existing colorimetric procedures (3,4) either 
are relatively insensitive or lack the necessary selectivity 
to distinguish between the parent drug and metabolites 
formed by the side-chain oxidation of propylthiouracil 
(2). 


A GLC method (5) was employed in two separate studies 
in humans (5,6). The major disadvantages of this proce- 
dure are the inherent problems associated with the for- 
mulation of derivatives by flash alkylation (7) and the 
necessity of elevating the column temperature after every 
two or three injections to remove slowly eluting com- 
pounds. 


A high-pressure liquid chromatographic (HPLC) pro- 
cedure using an ion-exchange column was described by 
Sitar and Hunninghake (8). The procedure was reported 
to have a lower detection limit of 0.2 pg/ml, comparable 
t o  the sensitivity claimed for the GLC procedure (5). 
Neither the GLC nor HPLC method was considered to be 
sufficiently sensitive to determine plasma propylthiouracil 
levels over an 8-hr period following ingestion of a single 
150-mg dose. 


A specific HPLC method employing an internal stan- 
dard is presented here. It is both reproducible and sensi- 
tive. 


EXPERIMENTAL 


Reagents and Materials-Propylthiouracill (assayed lOl.O%), 
methylthiouracil*, reagent grade or equivalent acetic acid, chloroform, 
methanol, and ammonium sulfate were used as supplied. A stock pro- 


Lot 86328, ICN-K&K Laboratories, lrvine, Calif. 
ICN Pharmaceuticals, Plainview, N.J. 


Table I-Precision of HPLC Assay of Propylthiouracil for a 
Given Dav * 


Reproducibility a t  a Given Concentration 
Propylthiouracil, Mean f SDb, 


pdml  Ccg/ml c v ,  90 


0.1 
0.25 
0.5 
1.0 
2.5 
5.0 


0.708 f 0.037 
0.676 f 0.026 
0.708 i 0.017 
0.714 0.011 
0.124 f 0.012 
0.730 f 0.004 


5.23 
3.85 
2.40 
1.54 
1.66 
0.55 


~ ~ ~~ ~~ ~ 


Six samples were measured at each concentration. * Area under the propyl- 
thiouracil peak divided by area under the internal standard peak. 


pylthiouracil solution (60 pg/ml), which also served as a working standard, 
was prepared in distilled water and stored in the dark at room tempera- 
ture. Appropriate dilutions were made with water each week to produce 
additional working standards of 1.240 pg/ml. A working standard of the 
internal standard, methylthiouracil(l.75 pg/ml), was prepared in chlo- 
roform and stored in amber glass bottles a t  room temperature. 


Apparatus-A modular high-pressure liquid chromatograph was 
outfitted with a constant-flow pump3, a valve-type injectofl, a fixed- 
wavelength detector5 employing a 280-nm detector conversion kit6, an 
electronic integrator', and a stainless steel column, 25 cm long X 3.1 mm 
i.d., packed with an octadecylsilane reversed-phase supports. Absorbance 
was measured at 280 nm, using a sensitivity of 0.02 absorbance unit full 
scale (aufs). 


Chromatographic Conditions-The mobile phase consisted of 
deaerated acetic acid-methanol-water (1075:915). The flow rate was 2.3 
ml/min (1500 psi). All determinations were performed at  room temper- 
ature. 


Sample Preparation-Plasma, 3.0 ml, was placed in a suitable sil- 
ylated (9) glass-stoppered centrifuge tube containing 0.5 g of ammonium 
sulfate and was mixed vigorously for 1 min. The samples were extracted 
by mixing for 10 min with 15.0 ml of chloroform, using gentle mechanical 
agitation. The mixture was centrifuged at  500Xg for 10 min, and 10.0 ml 
of the lower layer was transferred to a 15-ml silicon-coated vacuum tubes 
containing 1.0 ml of the internal standard. 


The chloroform was evaporated with the aid of a water bath maintained 
at  60-65' and a gentle air stream. The residue was dissolved in 250 pl of 
the mobile solvent; the walls of the tube were rinsed with a microsyringe, 
and the contents were mixed with a vortex mixer. Samples (25 pl) were 
injected into the chromatograph. 


Calibration-Calibration curves were constructed in duplicate for 
each batch of unknown samples by adding known amounts of propyl- 
thiouracil to control plasma. The internal standard was added after the 
chloroform extraction because preliminary experiments indicated that 
the methylthiouracil extraction was not reproducible. The propyl- 
thiouracil in unknown samples was determined from the calibration curve 
prepared daily by plotting the average ratio of the area under the peak 
(AUPR) of propylthiouracil to that of the internal standard against the 
plasma propylthiouracil concentration (micrograms per milliliter). The 
correlation coefficients exceeded 0.99 for each daily calibration curve. 
Normalized A UPR values were determined by dividing the A UPR for 
each standard by the plasma propylthiouracil concentration (micrograms 
per milliliter). 


~~ ~~ ~ 


Model 6000, Waters Associates, Milford, Mass. 
Universal injector model, Waters Associates, Milford, Mass. 
Model 202/401, Waters Associates, Milford, Mass. 
Waters Associates, Milford, Mass. 
Model 3380A, Hewlett-Packard, Avondale, Pa. 
Spherisorb 10 p, Spectra-Physics, Santa Clara, Calif. 
Red stopper vacuum tube, Becton-Dickinson, Rutherford, N.J. 
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Figure 1-HPLC determination of propylthiouracil in human plasma. 
Key: A, chromatogram obtained when 3 ml of control plasma was ex- 
tracted and the absorbance was measured at 254 nm; B, chromatogram 
of the same control plasma with the absorbance measured at  280 nm; 
C, representative chromatogram of plasma containing propylthiouracil 
and the internal standard with the absorbance measured at  254 nm;and 
D, chromatogram of the same plasma sample containing propyl- 
thiouracil and the internal standard with the absorbance measured at  
280 nm. The arrows refer to the retention times of propylthiouracil(4.8 
min) and the internal standard (1.5 min). 


RESULTS AND DISCUSSION 
A selective method for measuring propylthiouracil in plasma at suitably 


low concentrations was desired. Because of the large numbers of plasma 
samples expected in a planned bioavailability study (lo), the time re- 
quired for each analysis was critical. Because of its relative ease of oper- 
ation and sensitivity, HPLC appeared to represent the best approach. 
A reversed-phase microparticulate column was found to be superior to 
the ion-exchange column used by Sitar and Hunninghake (8) because 
of reduced analytical times, greater peak sharpness, and less baseline 
noise. 


The chloroform extraction of propylthiouracil is similar to that de- 
scribed by Sitar and Hunninghake (8). In an effort to improve the ex- 
traction efficiency, the pH of the plasma was lowered before the chloro- 
form extraction. Results were negative and were attributed to the coag- 
ulation of protein material, which hindered extraction of propylthiouracil 
that may have been occluded. The addition of ammonium sulfate has 
been demonstrated to have a positive effect on the propylthiouracil ex- 
traction efficiency (5). 


Irreversible propylthiouracil adsorption to the surface of laboratory 
glassware was encountered in preliminary recovery studies,,particularly 
during the evaporation of the chloroform extract. As a result, silylated 
or silicon-treated glassware was used. 


Chromatograms obtained in the analysis of control human plasma and 
human plasma from a volunteer who had received a single propyl- 
thiouracil dose are shown in Fig. 1. The chromatogram of control human 
plasma demonstrated no interfering peaks. Sensitivity was increased 
approximately twofold when propylthiouracil was measured at 280 nm 
instead of 254 nm, with no significant increase in the area of the extra- 
neous peaks or background noise. 


While the chromatographic methods (5 ,  8) probably measure only 
unchanged propylthiouracil, their selectivity was not specifically inves- 
tigated. The effect of known propylthiouracil metabolites on the assay 
was evaluated by adding propyluracil ( l l ) ,  S-methylpropylthiouracil(11). 
propylthiouracil glucuronide ( 1  1-14), the sulfinic and sulfonic acid de- 
rivatives of propylthiouracil (151, and sulfate (11) to plasma samples, 
which were then analyzed. 


Propyluracil exhibited a retention time that did not interfere with the 
measurement of propylthiouracil or the internal standard peaks. S -  
Methylpropylthiouracil was extracted but failed to elute from the column 
under the described conditions. The sulfinic and sulfonic acid derivatives, 
propylthiouracil glucuronide, and sulfate were not extracted from the 
aqueous layer by chloroform. Since none of the known metabolites in- 
terfered with methylthiouracil or propylthiouracil, the method is prob- 
ably specific for propylthiouracil. 


The precision or reproducibility of the method for a given day is shown 
in Table I using normalized data. Propylthiouracil stability in plasma 
was assessed also. Control plasma was spiked with standard propyl- 
thiouracil solutions, and the samples were frozen. On Days 1-4 and 8, 
duplicates of each standard concentration were thawed and anal3;zed. 
No significant differences were observed. 
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Abstract 0 Pseudoephedrine hydrochloride (I), brompheniramine 
maleate (II), and dextromethorphan hydrobromide (111) in a cough-cold 
syrup were separated and determined by ion-pair reversed-phase high- 
pressure liquid chromatography. The separation was carried out using 
a pBondapak CIS column (30 cm X 3.9 mm i.d.) and a mobile phase of 
acetonitrile-water-acetic acid (40:60:1) with 0.01 N 1-octanesulfonic acid 
sodium salt and 0.05 N potassium nitrate. Detection was accomplished 
using a UV detector at 265 nm for I and 11; 111 was monitored at 280 nm. 
Concentration uersus peak height plots in the ranges of 0.37-1.9 mg/ml 
for I, 0.025-0.126 mg/ml for 11, and 0.125-0.625 mg/ml for 111 were linear. 
Ten consecutive injections of a mixture gave a percent relative standard 
deviation of <1% for all three components. Average recoveries from 
laboratory-prepared samples were 100.5% for I, 100.956 for 11, and 100.1% 
for 111. No precalumn cleanup was necessary, and the chromatogram was 
complete in 16 min. 


Keyphrases 0 Cough-cold syrup-analysis, ion-pair reversed-phase 
high-pressure liquid chromatography, pseudoephedrine hydrochloride, 
brompheniramine maleate, dextromethorphan hydrobromide 0 Pseu- 
doephedrine hydrochloride-analysis, ion-pair reversed-phase high- 
preasure liquid chromatography, cough-cold syrups 0 Brompheniramine 
maleate-analysis, ion-pair reversed-phase high-pressure liquid chro- 
matography, cough-cold syrups Dextromethorphan hydrobro- 
mide-analysis, ion-pair reversed-phase high-pressure liquid chroma- 
tography, cough-cold syrups 


Antihistamines, antitussives, and decongestants are 
used extensively in cough-cold syrups. Often, two or more 
of these compounds are combined in a preparation, and 
an isolation of the desired analyte from the other compo- 
nents is necessary prior to measurement. 


Reversed-phase high-pressure liquid chromatography 
(HPLC) was used to investigate 21 antihistaminic, anti- 
tussive, and analgesic drugs in cough-cold mixtures (11, 
and the separation of four antihistamines was examined 
by reversed-phase HPLC (2). Ion-pair reversed-phase 
HPLC is a relatively new and extremely useful technique. 
General discussions of the method were published (3,4).  


The present study investigated the feasibility of 
applying ion-pair reversed-phase HPLC to the separation 
and assay of a mixture of antihistaminic, antitussive, and 
decongestant drugs in a cough-cold syrup. 


EXPERIMENTAL 


Apparatus-A piston pump', an automatic sampler2, and two de- 


1 Milton Roy. * DuPont 834. 


Table I-Accuracy Study for HPLC Assay of Pseudoephedrine 
Hydrochloride (I), Brompheniramine Maleate (II), and 
Dcxtromethorphan Hydrobromide ( I l l )  from Aqueous Solutions 


Percent Recovery, % 
of' Target I I1 111 


85.0 100.6 
90.0 98.4 
95.0 102.0 
97.0 101.4 
99.0 100.6 


101.n 100.0 . 
lox.o 
105.0 
110.0 


~~~. 


100.0 
98.9 


100.7 
1 15.0 98.3 
Average 100.1 


99.9 
97.2 


101.8 
102.1 
98.8 
98.8 


100.0 
98.4 


100.9 
101.3 
99.9 


102.0 
100.3 
100.9 
99.2 
99.8 
99.8 


100.0 
99.1 


100.0 
100.1 
100.1 


lia,,ge- 98.3-102.0 97.2-102.1 99.1-102.0 
HSD f1.2 ~k1.6 f0.84 


tectors (one set at 280 nm3 and the other a t  265 nm4) were used. The 
chromatograms were recorded on a two-pen recorder5. 


Column-A bonded reversed-phase Clg column6 was used. 
Samples-A cough-cold syrup was prepared so that each 5 ml con- 


tained 30 mg of pseudoephedrine hydrochloride (I), 2 mg of brom- 
pheniramine maleate (II), 10 mg of dextromethorphan hydrobromide 
(III), and 5% alcohol. The standard solution was prepared by dissolving 
120 mg of 17, 8 mg of I P ,  and 40 mg of n17 in water and diluting to 100.0 
ml. The sample solution was prepared by transferring 5 ml of the 
cough-cold syrup quantitatively to a 25-ml volumetric flask and diluting 
to volume with water. 


Analysis-The chromatographic conditions were: flow rate, 0.8 ml/min 
(700 psi); mobile phase, acetonitrileg-water-acetic acid (40601) with 
0.01 N 1-octanesulfonic acid sodium saltlo and 0.05 N potassium nitrate"; 
temperature, 25'; and detector scale, 0.064 aufs for 280 nm and 0.1 aufs 
for 265 nm. 


Ten-microliter aliquots of standard and sample solutions were injected 
in duplicate onto the column using the chromatographic conditions. 


DISCUSSION 


Mobile Phase Selection-Methanol and water or acetonitrile and 
water mixtures in various proportions were tested with no satisfactory 
separation of 1-111. Sulfonic acid sodium salts of 1-butane, 1-pentane, 
1-hexane, and 1-octane and dioctylsulfosuccinate sodium salt7 (IV) were 


:' 1,ahoratory Data Contntl model 12OX 
4 l'erkin-Elmer I,C 55. 


Linear .recurder :185. 
fi pHondapak CIS column, Waters Associates. 


NF reference standard. " llSP reference standard. 
Hurdick & Jackson. 


1') Eastman Organic Chemicals 
' I  Haker Analyzed Reagent. 
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with the hlue tetrazolium procedure (Table I, footnote i) ,  presumably 
due to the heat used to extract the active ingredient. An extraction pro- 
cedure using cnld alcohol gave inconsistent and sometimes low results. 


Another advantage of the developed method is that some inactive in- 
gredients can be estimated without additional cost. For example, in 
commercial injections, parahens were estimated to be only between 76 
and 80% of the label claim (Table I, footnotes a and h ) .  This finding is 
presumably due to paraben adsorption nnto the rubber closures. This 
problem was not recorded with henayl alcohol (Table 1, footnote c) as the 
preservative. 


REFERENCES 


(1) T h e  United States Pharmacopeia,” 19th rev., Mack Publishing 


Co.,  Easton, Pa., 1975, pp. 122-126. 
(2) ,I. A. Mollica and R. F. Strusz, J .  Pharm. Sci., 61,444 (1972). 
(3) A. M. DePaolis, G. Schnabel, S. E. Katz, and J. D. Rosen, J .  Assoc. 


(4) J .  C. K. 1.00 and N. Jordan, J .  Chromatogr., 143,314 (1977). 
( 5 )  “The United States Pharmacopeia,” 19th rev., Mack Publishing 


Off. Anal. Chem.. 60, 210 (1977). 


Co., Easton, Pa.. 1975. p. 138. 


ACKNOWLEDGMENTS 


The author thanks Merck Sharp & Dohme for the generous supply 
of dexamethasone and dexamethasone sodium phosphate powders. 


Terpenoid Biotransformation in Mammals 11: 
Biotransformation of dl -  Camphene in Rabbits 


T. ISHIDA *x, Y. ASAKAWA $, T. TAKEMOTO $, and 
T. ARATANTG 
Received September 28, 1978, from the *Hiroshima Institute of Technology, Itsukaichi, Hiroshima 738, Japan, the *Institute of 
Pharmacognosy, Tokushima-Runri Unioersity, Tokushima 770, Japan, and the $Faculty of Integrated Arts and Sciences, Hiroshima 
liniwrsity, Hiroshima 730, Japan. Accepted for publication January 11, 1979. 


Abstract  0 The biotransformation of dl-camphene in rabbits was in- 
vestigated. Four neutral metabolites, 6-exo-hydroxycamphene, 10- 
hydroxycamphene, and diastereoisomers of camphene-2,10-glycol, were 
identified and two alcohols, 7-hydroxycamphene and 3-hydroxytricy- 
clene, were estimated by IR, UV, NMR, and mass spectra and chemical 
degradations. The formation of these compounds can be explained 
through a homoallylic oxidation or an epoxide formation. 


Keyphrases Camphene-hiotransformation in rabbits, four urinary 
metabolites identified by spectrometry and chemical degradations 
Hiotransformation-camphene in rabbits, four urinary metabolites 
identified by spectrometry and chemical degradations Choleretic ac- 
tivity-camphene, biotransformation in rabbits, four urinary metabolites 
identified by spectrometry and chemical degradations 


During investigations into terpenoid detoxification in 
mammals, the biotransformation of 3-carene and a- and 
fl-pinenes having a gem-dimethyl group on the  three- or 
four-membered ring, respectively, was reported (1). In this 
paper, the biotransformation of camphene in rabbits is 
reported. Camphene has a gem-dimethyl group on the 
five-membered ring. 


Camphene is found in the essential oils of most plants, 
and conifers containing this compound are often damaged 
worldwide by field animals. The  choleretic activity of 
camphene in rats has been studied (2). The  present in- 
vestigation was carried out to clarify camphene biotrans- 
formation in mammals with respect to xenobiotics. 


RESULTS 


Characterization and Identification of Free Neutral  Metabo- 
lites-TLC and GLC revealed the products in the urinary extracts as 
shown in Fig. 1. The metabolites were column chromatographed on silica 
gel in n -hexane with gradually increasing amounts of ethyl acetate. When 
necessary, metabolites were isolated hy preparative GLC. 


Metabolites 1-3 (M-I-M-IlI)-Peak 2 was isolated preparatively 
t)y GIX as one component (TLC and GIX) and had a fragrant odor; mass 
spectrum: m/e  (%) 152 (M+, CI0H16O. 3), 134 (9). 119 (24), 108 (base), 
93 (67), 72 (21), and 66 (28); 1R u (CHC13) 3625,3450, and 890 cm-I. Its 
NMR spectrum showed two kinds of metabolites (M-I and M-11) in a 2:1 


ratio. The major signal group assigned was: b (CDCI3) 4.84 and 4.63 (each 
lH ,  S, endo-methyhe) ,  3.80 [1H, q, J5-exo-B-endo = 7, J5-endn-B-endo = 3 
Hz, -CH(OH)], 2.62 ( lH ,  h, bridge head), 2.21 ( lH,  octet,J5.elu-5.end,, 
= 13,J5.ero-6.endo = 7, J5.exo.4 = 2 Hz, exo-5) ,  1.89 (IH, b, endo-5), 1.63 
(2H, b), and 0.98 and 1.04 (each 3H, gem-dimethyl). All of these M-I 
signals agreed well with those of the synthetic 6-exo- hydroxycamphene 
(1) (3). 


The Jones oxidation of I yielded 6-oxocamphene [u  (CHC13) 1740 and 
890 cm-’] (4) with a minor ketone: mass spectrum (minor ketone): m/e 
(9’0) 150 (M+,  C1nH140,25), 135 (12), 121 (151,108 (41), 107 (98),93 (base), 
91 (54), and 79 (41); IH: u (CHC13) 1740 and 890 cm-’; N M R  b (CDC13) 
4.98 and 4.76 (each l H ,  s), 3.08 (IH,  b), and 1.16 and 1.07 (each 3H, 9). 


These spectra revealed the minor ketone to be 7-oxocamphene. There- 
fore, 7-hydroxycamphene (11) (M-11) was estimated as the camphene 
metabolite. 


The minor signal group found in the I NMR spectrum can be attributed 
to 11: 6 (CDCls) 4.73 and 4.48 (each lH ,  s), 4.24 ( lH,  bs), 2.68 ( lH,  bs), and 
1.04 (6H, s). The other minor ketone was obtained as the Jones oxidation 
product from M-111 following M-I. Its spectra were considerably different 
from those of the above-mentioned ketones; mass spectrum: m/e (96) 150 
(M+, C10H140, 7), 122 (161,107 (base), 105 (12), 91 (281, and 79 (14); IR: 
u (CHCI3) 1740 cm-I; NMR: b (CDC13) 1.21,1.04, and 1.00 (each 3H, s). 
Disappearance of the endo-methylene group suggests some camphene 
rearrangement. Accordingly, this ketone was assigned as 3-ketotricyclene 


1 ‘i 
0 30 


0 13  


- - 


2 


MINUTES 
Figure 1-TLC and GLC of dl-camphene metabolites in rabbits. The 
TLC solvent system was benzene-n-hexane-ethyl acetate ( 1 4 5 6 ) ;  GLC 
utilized an SE-30 (5% ) column. 
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Scheme I-Proposed dl-camphene metabolic pathway in rabbits. 
Pathway A is camphene epoxidation followed by cleavage of the oxirane 
ring by hydration. Pathway l? consists of the formation of the nonclas- 


sical cation and cation rearrangement followed by hydroxylation. 


from those spectra. The corresponding alcohol, 3-hydroxytricyclene (111) 
(M-III), might he produced from camphene in rabbits. The peak 2 fra- 
grance was due to I. 


Metabolite 4 (M-1V)-Peak 1 also was isolated by preparative GLC. 
The mass spectrum of M-IV was: m/e (%) 152 (M+, CloHl60,35), 121 
(49), 108 (base), 85 (72), and 79 (65); IR: v (CHC13) 3640,3455,3070, and 
850 cm-'; NMR: 6 (CDCI3) 3.75 (2H, ss), A& a t  1.79,1.68,1.17, and 1.05 
(each lH ,  s); NMR: d (dimethyl sulfoxide-d6) 4.71 (t, J = 5 Hz, lH ,  a 
primary hydroxyl). From these results, M-IV was identified as 10-hy- 
droxytricyclene (IV). 


Metabolite 5 (M-V)-The R/ 0.1 spot was in accord with peak 6, which 
was isolated by column chromatography. The mass spectrum of M-V was: 
m/e (%) 170 (M+, C10H1802,27), 152 (6). 139 (base), 121 (13), 101 (501, 
and 87 (60); IR: v (CHCI:,) 3450 cm-I. The NMR spectrum of the M-V 
acetate showed signals a t  d 4.20 (in chloroform-dl, methylene group ad- 
jacent to acetoxyl) and 3.27 (in dimethyl sulfoxide-d6, s, tert-hydroxyl 
group) and clarified that M-V is a primary-tertiary diol. 


This diol was oxidized by sodium periodate with sulfuric acid in ethanol 
and gave a ketone, camphenylon (VIII); IR: v (CHC13) 1740 cm-l. The 
NMR spectrum of VII showed only two signals ofgem-dimethyl a t  d 1.07 
and 1.05. On the other hand, the spectrum of M-V showed four tertiary 
methyls [d 1.02 and 0.98 (each 3H) and 0.96 (6H)] and two kinds of hy- 
droxymethylene groups a t  d 3.64 and 3.59. From these observations, it 
was decided that M-V consisted of two C-2 epimers (1:l) as shown in V 
and VI. The presence of diastereoisomers also was demonstrated by the 
remarkable melting-point difference; camphene-2,lO-glycol obtained 
from rabbit urine had a melting point of 111-112' whereas that of 2- 
exo-hydroxycamphene glycol was reported as 196-198' (5). 


DISCUSSION 


The following camphene metabolic pathway (Scheme I) in rabbits can 
be proposed from the metabolites. 


On the basis of the good glycol yields (260 mg), pathway A was assumed 
to be the main route. Glycol formation through epoxides has been dem- 
onstrated in many other metabolic pathways (6). The homoallylic cam- 


b 
-4001 -400 I 


a 
Figure 2-Circular dichroism curues of camphenylon (a) and 7-OXO- 
camphene (b). The concentrations were 3.77 X 10-2 M in ethanol (a) 
and 6.07 X 


phene oxidation products (I-IV) apparently were formed through the 
nonclassical cation as the intermediate, as shown in pathway B. The 
ketone (VII) showed the negative optical rotation, [ a ] ~  -8', and the 
negative circular dichroism curve (Ac -0.12) (Fig. 2a). On the other hand, 
the synthetic (+)-camphenylon was reported to give the positive circular 
dichroism curve (Ac +0.50) (7). 


Based on these results, the ratio was calculated as ( - )A t )  = 0.6:0.4. 
Formation of the (-)-enantiomer from (-)-camphene was assumed to 
be more likely than formation of the (+)-enantiomer from (+)-camphene. 
Therefore, it was surmised that the degradation of (+)-camphene is faster 
than that of (-)-camphene and/or that the conversion of (+)-camphene 
into (-)-camphene may partly occur in rabbits just as in cicroprofen 
metabolism in rats (8). The negative circular dichroism curve of 7-0x0- 
camphene (Fig. 2b) supports the proposal. The hydroxyl group orienta- 
tion in I1 is considered to be anti- to thegem-dimethyl due to the steric 
factor. 


M in chloroform (b). 


EXPERIMENTAL' 


Animals and Dosing-Five male albino rabbits2, 2-3 kg, were starved 
for 2 days before the experiments. Camphene (10 g) was dissolved in water 
(90 ml) containing polysorbate3 (0.1 g) and homogenized for 20 min. This 
solution (20 ml), followed by water (20 ml), was administered to each 
rabbit through a stomach tube. This camphene dose corresponds to 800 
mg/kg, and the total amount of camphene fed to all rabbits equaled 8 
g. 


The animals were housed in individual stainless steel metabolism cages 
and were allowed rabbit food4 and water ad  libitum. The urine was col- 
lected daily for 3 days after drug administration and stored at 0-5' until 
use. 


Extraction and Fractionation of Free Neutral  Metabolites-The 
urine was centrifuged a t  under 3000 rpm a t  0' to remove feces and hairs, 
and the supernate was used for experiments. The urine was adjusted to 
pH 4.7 with acetate buffer and then incubated with P-glucuron- 
idase-arylsulfatase (3 m1/1000 ml of the fresh urine) a t  37' for 48 hr 
followed by continuous ether extraction for 48 hr. The ether extracts were 
washed with 5% NaHC03 and 5% NaOH to remove the acidic and phe- 
nolic fractions, respectively, and dried over magnesium sulfate. Ether 
was evaporated under reduced pressure to give free neutral metabolites 
(1.471 g). 


1 dl-Camphene (above 909b) (Tokyo K m i  Kogyo), P-glucuronidase-arylsulfatase 
(Boehringer Manheim), Wako el 200, and reagent adesolvents (Wako Chemicals) 
were used. A Shimadzu GC-&gas chromatograpawas equipped with a hydrogen 
flame-ionization detector and a thermal coflductive detector. For neutral metabolite 
detection, the following were used: a 2-m X 2.6-mm i.d. glass column, 5% SE-30 or 
5% OV-1 on Diasolid L (60-80 mesh); an injector at 250'; an oven programmed at 
100-250° at 10°/min; a detector at 250O; and a nitro en flow rate of 40 ml/min. For 
pre arative use the same size glass column of 5% DEGS on Diasolid L (6crso mesh, 
A g D M C S )  (japan Chromato) was employed under the same conditions. 


TLC plates (20 X 20 cm) were glass, precoated with silica gel 60 F-254, and were 
0.25 cm thick (Merck). The solvent system was benzene-ethyl acetate-n -hexane 
( 1 4 5 6  v/v). The chromatograms were visualized with iodine vapor and under UV 
light (254 nm). NMR spectra were recorded on a Hitachi R-22 or a Varian T-60 
spectrometer. IR spectra were run in chloroform using a Hitachi 215 spectrometer. 
Mass spectra were obtained on a Shimadzu LKB-9000B. UV spectra were obtained 
on a Shimadzu US 200s. Circular dichroism spectra were recorded on a JASCO 
ORD/UV-5 spectrometer with a circular dichroism attachment. 


2 Japanese White, Miyamoto Jikken Dobutsu. 
3 Tween 80. 
4 Oriental RC-4. 
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6-Oxocamphene from M-I-M-I (9 mg) was dissolved in acetone (1 
ml). Anhydrous chromic acid (1.33 g) was added to the dilute sulfuric acid 
(1.16 g in 2 ml of water) and well stirred. This oxidant (0.1 ml) was added 
by drops to the acetone solution a t  0". and the reaction mixture was 
shaken for 20 min. After 13 hr, R f  0.41 o f  M-I changed to 0.58. The reac- 
tion mixture was neutralized with 5% NaOH, extracted with methylene 
chloride (1 ml), and dried over magnesium sulfate. Evaporation of this 
solvent gave 6-oxocamphene (2.4 mg); mass spectrum: ni/e (%) 150 (M+, 
54). 135 (24), 107 (base), 106 (78), 93 (40). 91 (60), 79 (34), and 77 (21); 
NMR: K (CDCI:%) 5.07 and 4.82 (each IH,  s), 3.09 ( lH) ,  and 1.21 and 1.11 
(each 3H, s). 


Camphene-2,10-glycol 10-Acetate from M-V-Acetylation of M-V 
(100 mg) with acetic anhydride and pyridine gave its monoacetate (84.7 
mg); mass spectrum: m/e ('7,) 214 (M+, 4), 194 (13), 171 (82), 152 (78), 137 
( 5 3 ) ,  109 (hase), and 43 (77); IR: v (CHCln) 3550 and 1730 cm-'; NMR: 
d (CDC13) 4.20 (2H, s), 2.08 (3H, s), and 1.03 and 0.93 (each 3H, s); N M R  
F, (dimethyl sulfoxide-d,j) 4.03 (2H, s), 2.03 (3H, s), 0.93 and 0.88 (each 
3H, s), and 3.27 ( 1  H, s, exchanged with deuterium oxide). The anhydrous 
ethereal solution (10 ml) of lithium aluminum hydride (38.8 mg) was 
added to the ethereal soluticm (20 ml) of the monoacetate (80 mg) under 
a nitrogen atmosphere and stirred a t  room temperature for 4 hr. De- 
composition of the excess lithium aluminum hydride with ethyl acetate, 
filtration through a short column packed with magnesium sulfate, and 
evaporation of the solvent recovered camphene-2,10-glycols. 


Camphenylon (VII) from M-V-'The ethanol solution (5 ml) of M-V 
(100 mg) was added to the sodium periodate (130 m g k l  N sulfuric acid 
solution (6 ml) a t  40' and stirred for 13 hr until it became transparent 
(9). The reaction mixture was neutralized with 5% NaHC03, extracted 
with ether, and dried over magnesium sulfate. Evaporation of the solvent 


gave camphenylon (VII) (23.0 mg); mass spectrum: m/e (%) 138 (M+, 28), 
95 (lo), 81 (5). 72 (14), 69 (base), 67 (67), and 41 (31); UV: A,,, (ethanol) 
287 ( f  24) and 240 (21) nm; [ a ] ~  - 8 . 3 O  (c 2.4, CHCl3). 
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Abstract  Ten arylsulfonylhydrazones were prepared from various 
heterocycles. The antimicrobial activity of these compounds was inves- 
tigated, as was the cytotoxic activity of one of them. 


Keyphrases Arylsulfonylhydrazones-derived from various hetero- 
cycles, antimicrobial and cytotoxic activity 0 Hydrazine-derivatives, 
various heterocycles, antimicrobial and cytotoxic activity Antineo- 
plastic agents, potential-arylsulfonylhydrazones, derived from various 
heterocycles, antimicrobial and cytotoxic activity 


Arylsulfonylhydrazones of 2-formylpyridine and its 
oxide have been investigated as cytotoxic agents (1). Since 
studies involving the preparation and biological properties 
of arylsulfonylhydrazones derived from aromatic hetero- 
cycles other than pyridine and quinoline are not numerous, 
the synthesis and antibacterial screening of the compounds 
listed in Table I were attempted. 


DISCUSSION 


Chemistry-The compounds listed in Table I were synthesized by 
standard procedures, consisting of reaction between hydrazine and p- 
toluenesulfonyl chloride or a-toluenesulfonyl chloride followed by con- 
densation with the appropriate heterocyclic 2-carboxaldehyde (Scheme 
I).  For IV and IX, the requisite 5-nitrofurfural was obtained by the acid 
hydrolysis of 5-nitrofurfurylidene diacetate according to a literature 


method (2). Compounds IV, VIII, and IX are not new compounds and 
were reported previously (3-5). 


The hydrazone linkage in the synthesized compounds allows geometric 
isomers to be formed. Attempts to detect E- and 2-isomers by TLC in 
several solvent systems were successful only with I11 and VII. Compounds 
I11 and VII demonstrated the presence of a trace amount of a second 
compound. However, only in the case of I11 were the two compounds 
nonoverlapping and amenable to dry column chromatography. 


The IR and NMR spectra of IIIa and IIIb were practically superim- 
posable and offered no aid in configurational assignments. Compound 
IIla showed a bathochromic shift in the UV spectrum of only 3 nm 
(285-288) in going from a polar to a nonpolar solvent (ethanol to benzene), 
whereas IIIb showed a bathochromic shift of 10 nm (272-282). These data 
suggest the Z-configuration for IIIb, the trace component and more 
mobile compound on TLC (silica gel, chloroform), and the E-configu- 


R = H, CH,; Y = SO,, CH,SO,; 
X = 0, N, S; R ,  = H, NO, 


Scheme I 
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were taken at  the near and far positions with the filter turning at 300 rpm. 
These photographs showed that the flow at the tablet surface was uniform 
and parallel to the filter face with an even color distribution when the disk 
was a t  the far position from the stirring source. The tailing streams of 
color away from the tablet revealed the tangential nature of the stirring 
patterns. This overall visualization is reasonably close to that assumed 
by the model and is in keeping with the data analysis from the dissolution 
experiments. 


For the near position, the colored photographs showed that the flow 
pattern at  the surface was less uniform and in the direction of the spinning 
filter rather than parallel to it. Furthermore, a concentration of color 
appeared on the filter side of the tablet. The visualization procedure 
combined with dissolution data confirms that the flow pattern is in- 
fluenced by the distance from the rotating stirring source. Dissolution 
rates measured from disintegrating tablets would presumably be in- 
fluenced in a similar way, making basket placement a critical factor. 


SUMMARY 


At the farthest distance from the stirring source, the average numerical 
exponents for stirring speed and tablet radius were 0.58 and 1.54, re- 
spectively, which compares favorably with the theoretical values of 0.50 
and 1.50. When the dissolving salicylic acid surface was positioned closer 
to the stirring source, the numerical exponent for the tablet radius was 


lowered to 1.07, indicating a change in dissolution as a function of distance 
from the stirring source. These data indicate that dissolution rates are 
not necessarily proportional to surface area, as predicted by the Nernst 
equation, and that distance from the stirring source is a significant factor. 
Convective diffusion models combined with easily accomplished visu- 
alization techniques provide the methodology needed to characterize 
various dissolution devices. 
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Abstract o The bioavailability of fenoprofen from three different 
fenoprofen calcium capsule formulations containing the equivalent of 
60,165, and 300 mg of fenoprofen was determined in two studies. In the 
first study, 12 subjects received one capsule of each formulation according 
to a three-period crossover design. The second study required each of 13 
subjects to receive 300 mg of fenoprofen equivalent of the 60- and 300-mg 
capsules and 330 mg of the 165-mg capsule. The initial study provided 
information on the linearity of fenoprofen pharmacokinetics, and the 
second study established that the three capsule formulations were 
bioequivalent. The bioavailability parameters C,,, t,,, and A UCc~12 hr 
for the drug in plasma were consistent with a linear pharmacokinetic 
model, as were the amounts of fenoprofen and hydroxyfenoprofen ex- 
creted in the urine. These data show linearity of kinetics for fenoprofen 
in plasma throughout the 60-300-mg dosage range after a single dose. 
Physical measurements of each capsule formulation drug content, weight 
variation, and dissolution showed the products to be uniform and readily 
soluble. 


Keyphrases Fenoprofen-pharmacokinetics, oral administration, 
calcium salt 0 Pharmacokinetics-fenoprofen calcium, oral adminis- 
tration 0 Anti-inflammatory agents-fenoprofen calcium, pharmaco- 
kinetics, oral administration 


Fenoprofen calcium’ was shown to be a useful anti-in- 
flammatory agent in osteoarthritis (1-4) and rheumatoid 
arthritis (5-16) in adults. To extend the therapeutic range 
of the compound, drug formulations containing 60-300 mg 
of fenoprofen equivalent as fenoprofen calcium2 were se- 
lected for juvenile rheumatoid arthritis studies. This paper 


1 Nalfon, Dista Products Co. (a Division of Eli Lilly and Co.). 
2 Drug weight is reported in this paper as fenoprofen equivalent of fenoprofen 


calcium. 


reports the linearity of fenoprofen pharmacokinetics, 
fenoprofen bioavailability, and the uniformity of drug 
excretion after a single-dose oral administration of capsules 
containing 60,165, or 300 mg of fenoprofen equivalent in 
an adult population. 


EXPERIMENTAL 


Clinical Study Protocol-Healthy adult male volunteers, 18-50 years 
old, participated in the two studies. Their weight was f10% of the ideal 
weight (17). The subjects had no history of significant GI disorder; he- 
patic, renal, hematological, or cardiovascular disease; or chronic alco- 
holism. Each subject underwent a urinalysis, hematology, and blood 
analysis3 as well as a physical examination to ensure inclusion of only 
subjects in good health. 


In the first bioavailability study, 12 subjects were placed into Groups 
I, 11, and 111. Each group consisted of four subjects, each of whom received 
a single capsule of 60,165, or 300 mg of fenoprofen equivalent (Table I) 
on three consecutive occasions, with a 2-day washout period between each 
dose. Each subject was instructed to adhere to a standard protocol and 


Table  I-Fenomofen Calcium CaDsule Formulas * 


Capsule*, mg 
Ingredient 60 165 300 


Fenoprofen calcium 
Silicone fluid 350 centistokes 
Microcrystalline cellulose with 


carboxymethylcellulose sodium‘ 


70.0 192.5 350.0 
3.0 8.2 15.0 


217.0 179.2 125.0 


Values in milligrams. * Fenoprofen equivalent. A v i d  RC-591 MCC, FMC 
Corp. 


3 SMA 12/60. 
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Table 11-Zn Vitro Tests of Fenoprofen Calcium Capsules 


Property 


~ ~~ 


Number of 
Measurements 


Capsule, mg" 
60 * 165* 300' 


Fenoprofend ZlO 58.8 160.3 307.0 


Weight, mg f 10 291.8 374.2 491.9 


Dissolution in f6 59.4 40.6 38.1 


Dissolution in f6 89.5 72.0 72.9 


Dissolution in f6 97.4 84.0 87.6 


equivalent, mg Range (55.9-62.9) (154-168) (303-313) 


Range (282.8-303.2) (368.7-385.7) (489.6-505.7) 


10 minp, % Range (56.9-62.6) (36.4-43.6) (34.3-42.1) 


30 mine, ?6 Range (85.8-94.3) (66.6-78.5) (70.7-74.8) 


60 mine, % Range (91.4-104.4) (77.4-89.5) (85.7-89.7) 


a Fenoprofen equivalent. * Nalfon Capsules, representative production size lots. Nalfon Pulvules, lot OCF% 300 mg of fenoprofen equivalent as fenoprofen calcium. 
USP XIX dissolution apparatus: 1000 ml of 0.05 M phosphate buffer at 37". d One hundred milligrams of fenoprofen is equivalent to 116.7 mg of fenoprofen calcium. 


pH 4.5, ionic strength 0.3, and stirring at 50 rpm. 


Table 111-Mean Fenoprofen Bioavailability Parameters  f rom Single Capsules 


Bioavailability 
Parameter 


~ 


Capsule 
60-mg Data 165-mg Data 
Adjusted Adjusted 


60 mga to 300 mg 165 mga to 300 mg 300 mg" 


0 hr 
0.25 hr 
0.5 hr 
0.75 hr 
1.0 hr 
1.5 hr 
2.0 hr 
2.5 hr 
3.0 hr 
4.0 hr 
6.0 hr 
8.0 hr 


12.0 hr 


0.0 (0.0) 
1.6 (1.2) 
4.0 (2.0) 
4.7 (1.9) 
4.8 (1.7) 
4.3 (1.0) 
4.8 (1.4) 
3.9 (1.1) 
2.9 (1.0) 
2.2 (0.7) 
1.0 (0.5) 
0.5 (0.3) 
0.2 (0.2) 


AIJCo.12 hr, pg-hr/ml 20.2 (4.0) 
C,,,, p d m l  6.2 (1.1) 
t hr 1.4 (0.6) 
Urinary excretion, 0-24 hr, mg 


Fenoprofen 19.9 (10.5) 
Hvdroxvfenomofen 20.9 (11.1) 


00.9 
31.0 
- 


99.3 
04.7 


0.0 (0.0) 
2.9 (2.7) 


10.4 (5.6) 
13.8 (5.0) 
13.8 (5.0) 
13.6 (3.9) 
11.2 (3.2) 
9.7 (2.4) 
7.9 (2.7) 
5.7 (1.8) 
3.1 (1.2) 
1.5 (0.7) 
0.5 (0.4) 


55.3 (12.7) 
17.2 (3.0) 
1.3 (0.7) 


66.1 (27.8) 
71.5 (31.9) 


0.1 (0.3) 
4.4 (4.4) 


15.8 (10.0) 
21.1 (7.8) 
22.2 (8.0) 
21.9 (6.9) 
22.1 (7.4) 
18.1 (5.4) 
15.4 (4.6) 
10.8 (3.2) 
7.0 (2.9) 
3.7 (2.0) 
1.5 (1.4) 


100.6 105.2 (21.8) 
31.2 28.3 (7.9) 
- 1.8 (1.4) 


89.2 (42.0) 120.3 
180.1 99.2 (44.4) 


Total diug 40.8 (20.8) 204.0 137.6 (57.3) 250.4 188.4 (82.7) 


" Mean plasma fenoprofen levels of 12 subjects in micrograms per milliliter (standard deviation). 


Table IV-Mean Fenoprofen Bioavailability Parameters  from Multiple Capsules 


Adjusted mean fenoprofen bioavailability parameters. 


Caps u 1 e 
Bioavailability Parameter Five 60 mg Two 165 mg One 300 mg 


0 hr 
0.25 hr 
0.5 hr 
0.75 hr 
1.0 hr 
1.5 hr 
2.0 hr 
2.5 hr 
3.0 hr 
4.0 hr 
6.0 hr 
8.0 hr 


12.0 hr 
A uco. 12 hr, pg-hr/ml 
Cmax, j d m l  
tmaX, hr 
Urinary excretion, 0-24 hr, mg 


Fenoprofen 
Hydroxyfenoprofen 
Total drug 


0.00 (0.0) 
9.5 (8.7) 


23.6 (8.6) 
26.7 (6.6) 
27.3 (6.4) 
24.8 (4.31 
z1.i i2.7) 
17.2 (2.4) 
13.3 (2.0) 
9.2 (1.9) 
4.9 (1.2) 
2.5 (0.7) 
0.9 (0.4) 


99.6 ii6.4) 
31.2 (5.2) 


1.0 (0.5) 


93.0 (35.7) 
117.6 (42.7) 
210.6 (55.7) 


0.0 (0.0) 
4.7 (4.7) 


17.6 (11.5) 
24.3 (9.8) 
25.8 (9.0) 
23.3 (6.2) 
21.1 i&ii 
19.9 (5.4) 
14.9 (3.8) 
10.3 (2.5) 
5.1 (1.6) 
2.7 (1.0) 
1.1 (0.5) 


100.6 (15.9) 
31 .O (4.0) 


1.1 (0.6) 


103.9 (36.9) 
146.3 (79.3) 
250.2 (87.5) 


0.0 (0.0) 
5.2 (8.4) 


16.0 (12.5) 
19.0 (11.9) 
20.3 (9.3) 
21.6 (6.1) 
22.3 (4.1) 
19.3 (3.6) 
14.9 (2.9) 
10.1 (1.9) 
5.5 (1.6) 


1.1 (0.6) 
97.2 (14.8) 
28.4 (5.2) 


1.4 (0.8) 


104.7 (25.4) 
130.0 (31.2) 
234.7 (40.2) 


2.8 (1.0) 


Mean plasma fenoprofen levels of 13 subjects in micrograms per milliliter (standard deviation). 


to abstain from taking any other medication 7 days preceding and 24 hr 
following the study drug administration. All subjects fasted for a t  least 
8 hr prior to and 2 hr after medication. The subjects were given the cap- 
sules with 240 ml of water in the morning. After medication, they re- 
mained ambulatory or sitting for a t  least 2 hr. 


Heparinized venous blood, 10 ml, was obtained a t  0,0.25,0.5,0.75,1, 
1.5,2,2.5,3,4,6,8, and 12 hr after medication. The blood samples were 


centrifuged within 1 hr, and the plasma was separated and frozen until 
assayed. Urine specimens were collected from 0 to 24 hr after medication. 
The collections were relrigerated as obtained. The specimens were mixed 
to ensure homogeneity, the volume was recorded, and a 50-ml aliquot was 
removed and frozen until assayed. 


A second similar bioavailability study was conducted in which five 
capsules of 60 mg, two capsules of 165 mg, and one capsule of 300 mg of 
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HOURS AFTER ADMINISTRATION 
Figure 1-Mean plasma fenoprofen levels of 12subjects after admin- 
istration of 60- (O) ,  165- (A), and 300- (0) mg capsules of fenoprofen 
equivalent as fenoprofen calcium. 


fenoprofen equivalent were administered to each of 13 subjects. 
Assay of Plasma and  Urine Samples-In the initial study, plasma 


samples were assayed for fenoprofen by GLC (la). In the second study, 
plasma samples were assayed by HPLC4. The total fenoprofen and 4- 
hydroxyfenoprofen (the free compounds and conjugates) in urine were 
determined by the following GLC procedure. A 100-pl urine sample was 
diluted with 200 pl of purified water and 50 fil of concentrated sulfuric 
acid. When thoroughly mixed, the sample was heated on a boiling water 
bath for 30 min. After cooling, 30 pg of df-2-(4-phenoxyphenyl)valeric 
acid was added as an internal standard. The  fenoprofen, hydroxyfeno- 
profen, and internal standard were extracted into 4 ml of ethylene di- 
chloride. The ethylene dichloride was evaporated, and 50 jd of a 1 : lO  
mixture of N-trimethylsilylimidazole-carbiin disulfide was added to the 
residue. The silylated compounds were chromatographed under the same 
conditions as the plasma samples. 
In Vitro Tests-The USP XIX (19) capsule weight variation, the 


product assay, and the dissolution test results are reported in Table 
11. 


RESULTS AND DISCUSSION 


Plasma and Urine D r u g  Levels in Study 1-Table I11 summarizes 
the mean plasma fenoprofen level a t  each sampling time, along with the 
means of AUCO-19 hr, c,,,, t,,,, and 0-24-hr urinary recovery of feno- 
profen and hydroxyfenoprofen. Figure 1 presents the mean plasma 
fenoprofen profiles graphically. Figure 2 shows the near linearity of the 
plots of dose versus AUCO-12 hr, c,,., and 0-24-hr urinary excretion. 
Linear regression analysis suggests that an increase of 1 mg of fenoprofen 
in a dose increases its AUc0-12 hr by 0.35 gg-hr/ml, the C,,, by 0.10 
pg/ml, and the 0-24-hr urinary recovery by 0.68 mg. 


Table I11 also contains AUCO-12 hr, C,,,, and urinary recovery data 
adjusted so as to correspond to a single dose of 300 mg of fenoprofen 
equivalent under the hypothesis of pharmacokinetic linearity. An analysis 
of variance of these adjusted data indicated that there were no significant 
differences ( p  > 0.05) among the three capsule formulations with respect 
to adjusted AUC, adjusted C,,, and adjusted urinary drug recovery. An 
analysis of variance on unadjusted t , ,  estimates also failed to demon- 
strate any differences among the three capsule formulations. 


Plasma and Urine Drug  Levels i n  Study 2-Mean plasma feno- 
profen levels, AUCslz b. C,,,, t,,,, and 0-24-hr urinary recovery 
measurements from approximately equal doses of the 60-, 165-, and 
300-mg capsules are reported in Table IV. The mean plasma fenoprofen 
profiles are presented in Fig. 3. Analyses of variance on these data indi- 
cated that there were no differences among the three capsule formulations 


4 To be published. 
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Figure 2-Near linear plots of fenoprofen administered (60,165, and 
300 mg) versus means of AUC+l:! hr,  C,,,, and 0-24-hr urinary excre- 
tion. 


with respect to plasma levels at most sampling times, AUC, C m a n  tmax, 
and urinary recovery. 


Mean plasma levels from the one 300-mg capsule were significantly 
lower than those following five 60-mg capsules a t  0.75 and 1 hr and sig- 
nificantly lower than those following two 165-mg capsules a t  0.75 hr. The 
former differences may have been due to the apparently lower dissolution 
of the 300-mg capsules, as compared to the 60-mg capsules, while the 
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Figure 3-Mean plasma fenoprofen levels of 13 subjects after admin- 
istration of five 60- ( O ) ,  two 165- (A), and one 300- (0) mg capsules of 
fenoprofen equivalent as fenoprofen calcium. 
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latter may have been a result of the slightly larger dose of the 165-mg 
capsule. The equivalence of the capsule formulations with respect to all 
other variables suggests that any differences in the bioavailabilities of 
the three formulations are inconsequential. 


According to previous reports (20,21), fenoprofen pharmacokinetics 
after an oral or intravenous dose of 250 mg can be adequately represented 
by a two-compartment open model. Under such a model, plasma levels 
are a linear function of the dose administered (22). 


The results of Study 1 are sufficient to corroborate linearity of orally 
administered fenoprofen pharmacokinetics in the 60-300-mg dose range 
only if nonlinearities are not obscured by bioinequivalencies of the three 
capsule formulations. Since Study 2 established that the three formu- 
lations are essentially bioequivalent, the differences among the formu- 
lations in Study 1 probably were due solely to differing doses. Since the 
Study 1 bioavailability parameters are proportional to the dose, as es- 
tablished by the analysis of variance of the adjusted variables, these ex- 
periments provide additional evidence that orally administered feno- 
profen pharmacokinetics are linear over the 60-300-mg dose range. 


A previous study (23) reported nonlinearity of plasma levels to high 
doses of another cr-methylarylacetic acid, naproxen. The nonlinearity 
occurred at doses of >500 mg while lower doses two times a day yielded 
a linear dose-response curve. This fenoprofen study included single doses 
of 60-300 mg. Higher fenoprofen doses were not investigated. 
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Abstract 0 The 37O cholesterol solubilities in over 50 solvents, including 
the homologous n-alkanols through dodecanol and homologous ethyl 
carboxylates through the undecanoate, and the 37’ j3-sitosterol solubil- 
ities in the n-alkanols through decanol are reported. Additionally, solu- 
bility data for cholesterol at 7,17, and 27O.h the alcohol series were ob- 
tained. These measurements allowed the calculation of heats of solution 
for cholesterol in the alkanols, which range from 7.5 kcal for methanol 
to 4.3 kcal for decanol and which tend to decrease, although irregularly, 
with increasing alkanol chain length. A solubility maximum in all of these 
series for both solutes was observed between a chain length of six and 
seven. A surprisingly irregular, odd-even alternating solubility pattern 
was noted for cholesterol in the alkanols a t  all four temperatures. Ex- 
perimental evidence indicated that this pattern was due to solvent-in- 
duced crystalline changes, presumably solvate formation, in each alkanol 
solvent through CIO. Overall, the solubility studies screened solvents for 


~~ 


their utility in dissolving cholesterol and, thus, cholesterol gallstones. 
To these ends, some limited dissolution experiments were performed, 
which indicated that the solution rate is directly related to the measured 
solubility in organic solvents. The dissolution behavior is thus different 
from micellar bile salt solutions, in which a significant interfacial barrier 
controls kinetics. 


Keyphrases 0 Cholesterol-solubility in organic solvents, n-alkanols, 
ethyl carboxylates, structure-activity relationships fl-Sitosterol 
-solubility in organic solvents, n-alkanols, structure-activity relation- 
ships 0 Gallstones-cholesterol, solubility in organic solvents, treatment 
of stones retained in common bile duct Organic solvents-cholesterol 
dissolution, treatment of gallstones retained in common bile duct, 
structure-activity relationships 


Cholesterol is an important biological membrane con- 
stituent and is the principal component of many gallstones. 
It also has been indicted as a causative agent in arterio- 
sclerosis. The physicochemical properties of cholesterol 
are important to its necessary membrane functions, to its 
role as an initiator and component of gallstones, and to its 
presumed involvement in vascular diseases. Indeed, the 
understanding of cholesterol’s natural and pathophysio- 
logical roles is dependent on a thorough knowledge of 
cholesterol’s biochemistry and physical chemistry. Par- 


ticularly important is cholesterol solubilization in the 
major aqueous biological fluids, blood and bile (1-3). 
Elucidation of cholesterol’s biological solubility and de- 
position would be aided by an understanding of its solu- 
bility behavior in uitro. 


BACKGROUND 


A promising direct application of cholesterol solubility data is the 
dissolution of small cholesterol stones in the common bile duct of patients 
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average of the results is not significantly different from loo%, so the 
method does not appear to have any bias. 


Ophthalmic products that contain phenylmercuric nitrate have other 
substances in the solution such as the active drug, reducing agents, buffer 
systems, and surfactants. To assess the effectiveness of the assay for 
phenylmercuric nitrate in ophthalmic products, the effect of these other 
substances on the assay was determined. Table I1 shows the approximate 
concentration of the excipient used to determine its effect on the assay. 
Concentrations of buffer pairs were such that the solutions were isotonic 
and at pH 7. 


Table I1 shows four excipients that interfered completely with the 
phenylmercuric nitrate assay; i.e., no end-point could be obtained. Al- 
though they are used in commercial products (10) with phenylmercuric 
nitrate, the drugs naphazoline hydrochloride and phenylephrine hy- 
drochloride probably cause precipitation of insoluble phenylmercuric 
chloride even before the titrating begins, as shown in Scheme 111. 


C,jHb-Hg+ + c1- =+ C6HjHgCI 
Scheme III  


The K,, for this reaction is 5.0 X (8); therefore, the solubility limit 
of phenylmercuric chloride is exceeded in the phenylmercuric nitrate 
solutions containing naphazoline hydrochloride and phenylephrine hy- 
drochloride. This would no doubt also happen in solutions of other halide 
salts. It was reported that antipyrine complexes with mercury compounds 
(11). If this complexation occurs with phenylmercuric nitrate, it might 
prevent the formation of the insoluble phenylmercuric salt, which is 
crucial to the titration. In contrast to the other systems, the effect of 
fluorescein sodium on the assay and the significant decrease of phenyl- 
mercuric nitrate in the presence of chloramphenicol remain unex- 
plained. 


In summary, this method of analysis for phenylmercuric salts should 


prove useful in applications requiring phenylmercuric nitrate determi- 
nation in dilute solution. 
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Abstract A procedure was developed for the separation and selective 
quantitative determination of the ( S ) ( + ) -  and (R)(-)-enantiomem of 
the racemic anti-inflammatory drug carprofen as their diastereomeric 
I-(-)-a-methylbenzylamides. These derivatives are obtained in equiv- 
alent yields by reacting purified 14C-carprofen from biological specimens 
with I-(-)-a-methylbenzylamine oia the 1,l’-carbonyldiimidazole in- 
termediate, followed by extraction and differential radiometric quanti- 
tation of the TLC-separated diastereomers. In the rat, the (R)(-)-car- 
profen enantiomer was eliminated from blood and secreted in the bile 
as the ester glucuronide at  a rate approximately twice that of the (S)- 
(+)-enantiomer, resulting in the accumulation of the pharmacologically 
more active (S)(+)-enantiomer in the rat blood. Evidence for an addi- 
tional process favoring the elimination of the (R)(-)-enantiomer in the 
rat was derived from pharmacokinetic data evaluation. 


Keyphrases 0 Carprofen-racemic mixtures, stereospecific assay, 
stereospecific metabolism, rats Enantiomers-carprofen, stereospecific 
assay, stereospecific metabolism, rats Anti-inflammatory agents- 
carprofen, racemic mixtures, stereospecific assay, stereospecific me- 
tabolism, rats 


The anti-inflammatory agent carprofen (11, (D,L)-6- 
chloro-a-methylcarbazole-2-acetic acid (I), is a racemic 
compound with a chiral center a t  the a-carbon. The opti- 
cally active carprofen enantiomers have been resolved, and 


their confirmations have been identified by X-ray anal- 
ysis’. 


The properties of the dextrorotatory (S)(+)-enantiomer 
(11) and the levorotatory (R)(  -)-enantiomer (111) have 
been compared in biological in uiuo and in uitro tests (1). 
In the acute adjuvant arthritis test in the rat, the ( R ) -  
(-)-enantiomer was less than one-tenth as active (ID30) 
as the (S)(+)-enantiomer. In contrast to the latter, the 
former was virtually inactive as an inhibitor of platelet 
aggregation, prostaglandin synthetase, and arachidonic 
acid-induced diarrhea; it produced no ulcerogenesis nor 
any other in uiuo manifestation of toxicity in the rat. 


Therefore, a stereoselective disposition of the two car- 
profen enantiomers could result in a different phar- 
macokinetic profile of the biologically active enantiomer 
from that previously determined by nonstereospecific 
procedures following administration of the racemate (2, 
3). Possible stereoselective drug disposition processes in- 
clude selective biotransformation reactions, tissue uptake, 


1 The identification by X-ray crystallography of the chiral configuration of the 
carprofen enantiomers was performed by Dr. J. F. Blout of the Roche Department 
of Physical Chemistry. 
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Table I-Optical Enantiomer Ratio of “C-Car~rofen 


Amount of Reacted Microgram 


Reacted, pg Extracted, % per TLCD % % Ratio Average 
14C-D,L-Carprofen 14c Equivalents (S)(+),  (M-h W ) ( + ) / ( R ) ( - L  


2.43 


4.86 


9.73 


19.46 


89.2 
90.2 
89.8 
90.0 
98.8 
96.3 
92.6 
95.2 


0.542 
0.548 
1.091 
1.093 
2.40 
2.34 
4.50 
4.63 


32.4 
37.7 
35.0 
39.5 
35.0 
34.7 
34.8 
33.6 


32.6 
35.8 
34.0 
39.5 
36.1 
34.4 
35.5 
33.9 


0.994 1.022 
1.050 
1.029 1.015 
1.000 
0.970 0.981 
1.009 
0.980 0.986 
0.991 


0 Chromatographing one-fourth of the total reaction product (a larger aliquot may be chromatographed). 


Table 11-W-Carprofen Enantiomer Ratio in Rat  Bile 


Concentration of Bile CarDrofen Microgram 
14C-D,L-Carprofen, Volume, Recovered from Equivalents (S ) (+V(R) ( - )  


ccg/ml ml Bile, 9% 14C per TLC (I (S)(+),% (RN-), % - verage 


22.6 
22.6 
45.2 
45.2 
14.1 
14.1 


0.5 
0.5 
0.5 
0.5 - 
- 


87.1 
90.8 
92.3 
94.8 - 
- 


1.44 
1.62 
3.13 
3.45 
3.08 
3.25 


43.2 43.1 1.902 1.014 
39.6 38.6 1.026 
32.5 32.9 0.988 1.034 
38.2 35.4 1.079 
32.8 32.7 1.OOO 1.026 
34.9 34.2 1.052 


~ 


a Indicates the total micro ram equivalents of the diastereoisomers applied to the TLC plate in each experiment using a 50-2OO-pl aliquot. One microgram equivalent 
represents 1086 dpm and is fetectable on the plate. 


protein binding, and elimination of the two enantiomeric 
forms (4). 


Closely related carprofen analogs, having in common an 
asymmetric a-phenyl propionic acid grouping, have been 
reported to undergo an enzymatic inversion at  the chiral 
center a t  the a-carbon whereby the (R)(-)-enantiomer is 
converted to the (S)(+)-enantiomer. Lan et al. ( 5 )  dem- 
onstrated, in the rat and in the monkey, a conversion of the 
(R)(-)-form of cicloprofen (a-methylfluorene-2-acetic 
acid), to the (S)(+)-form accompanied by a stereoselective 
elimination process. Furthermore, the (R)(-)-enantiomer 
of the anti-inflammatory agent ibuprofen [2-(4-isopro- 
pylpheny1)propionic acid] underwent inversion to the 
(S)(+)-isomer in humans and, at the same time, was 
subjected to stereospecific oxidations at  the isopropyl side 
chain leading to the formation of a second chiral center 


A procedure has been reported for the separate quan- 
titation by GLC (7, 10) of the diastereomeric amides of 
ibuprofen obtained by reaction with l-(-)-a-methylben- 
zylamine. A similar, highly sensitive, selective procedure 
(4) involves the TLC separation and radiometric quanti- 
tation of the diastereomeric amides (peptides) obtained 
when reacting d,l-cicloprofen with 14C-l-leucine. 


This report describes a microprocedure that permits the 
selective determination of 14C-carprofen diastereomers in 
biological fluids (1 1). Experiments applying this procedure 
to stereospecific pathways of carprofen metabolism in the 
rat (2) are described. In these studies, the chiral compo- 
sition changes of free carprofen, the main drug component 
in the blood, and of carprofen ester glucuronide, a main 
biliary secretion product, were measured in carprofen- 
treated rats. 


(6-9). 


EXPERIMENTAL 


Selective Determination of (S ) (+ ) -  and (It)(-)-Carprofen En- 
antiomers-The procedure relies on the: (a) reaction of racemic 14C- 
carprofen (I) with l-(-)-a-methylbenzylamine (IV) to form the two di- 


&H, 


I 


CH, 
Iv 


CH, 


Scheme I-* Chiral centers 
v 


astereomeric I-methylbenzylamides (V) oia the 1,l’-carbonyldiimidale 
intermediate (7,8) (Scheme I), ( b )  separation of the diastereomers by 
TLC, and (c) quantitation of radioactivity in the isolated TLC bands. 
From biological materials, I was extracted directly or after cleavage of 
i t s  ester glucuronide and was purified by TLC prior to derivatization. as 
described previously (2). 


Material~-~~C-Carprofen (I)-ClsH12ClN02, mol. wt. 273.72. A 
stock solution of 1 mg/ml of ethanol was prepared. The original specific 
activity of the 14C-labeled compound2 of 9.91 pCi/mg was diluted in so- 
lution with appropriate amounts of unlabeled compound. 


Table III--’4C-Carprofen Enantiomer Ratio in  Pooled Rat Bile 
Specimen 


~~~ ~ ~ 


14C-Carprofen 
1%-Carprofen Reacted, @)(+I, (It)(-), S ( + ) / R ( - )  


Specimen C(g Pg Ccg Ratio 


Standard added 23.2 4.52 4.55 0.99 
to rat bile 6.04 5.72 1.06 


Rat bile extract 14.52 2.26 4.48 0.510 
(see text) 2.43 4.70 0.517 


29.04 4.84 8.89 0.540 
4.65 8.30 0.560 


Mean f SD 0.532 f 0.023 


~~~~ ~ ~ ~ ~ ~ 


* The labeled carprofen was synthesized by Dr. A. Liebman and Dr. R. Muccino 
of the Roche Department of Chemical Research. 
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Table IV-Secretion in the Bile of Total W-Carprofen Ester Glucuronide and of Its ( S ) ( + ) -  and (R)(-)-Enantiornew in Four Male 
Rats (Pooled Hourly Bile Fractions) 


0-1 hr 1-2 hr 2-3 hr 3-4 hr 
Per Houra Cumulativeb Per Houra Cumulativeb Per Hour" Cumulativeb Per Houra Cumulativeb Biliary Fraction 


Total 14C 14.40 14.40 12.30 26.7 9.45 36.15 7.55 43.70 
Total 14C-carprofen glucuronide 5.76 5.76 4.37 10.13 3.07 13.2 2.34 15.54 
Hydroxy metabolites, conjugates 8.64 8.64 7.93 16.57 6.38 22.95 5.21 28.16 


( R )  (-) -Enantiomer 3.94 3.94 2.80 6.74 1.82 8.56 1.29 9.84 
(S)(+)-Enantiomer 1.81 1.81 1.57 3.37 1.25 4.62 1.05 5.70 
Excess (R)( - )  [(It)(-) minus (S)(+)] 2.13 2.13 1.23 3.37 0.57 3.92 0.24 4.14 


( S ) ( + ) / ( R ) ( - )  ratio for 0-4-hr bile pool. 


plus polar componentse 
Ratio of carprofen ( S ) ( + ) / ( R ) ( - )  0.46 - 0.56 - 0.69 - 0.81 0.5W 


a Percent of dose per hour. * Cumulative percent of dose. c Unidentified polar component (after conjugate cleavage) represents -20% of this fraction. Calculated 


33 


(S)(+)-Enantiomet--ClsHl2ClN02, mol. wt. 273.72, specific rotation 
in methanol [a# +53.7'. 


(R)(-)-Enantiomer-ClsH&lNOz, mol. wt. 273.72, specific rotation 
in methanol [a]g -54.2'. 
I-(-)-cu-Methylbenzylamine (IV)-C~H~IN, mol. wt. 121.18, bp 


187'. 
I,I'-Carbonyldiimidazole-C7H6N40, mol. wt. 162.15, mp 118- 


120O. 
Soluent-A solution of 65 mg/ml of chloroform (stabilized with 0.75% 


ethanol) was prepared daily and was stable for 24-48 hr. 
Reagents-The following reagent grade compounds were used: 6 N 


NaOH, 4 N HCl; pH 5 acetate buffer, 1 and 0.2 M; acetic acid; formic acid; 
methanol; ethanol (anhydrous); chloroform (stabilized); benzene; and 
ether (anhydrous). 


TLC-TLC plates were precoated with silica gel 60 F-2543. Filter 
paper4 was used for lining the TLC tanks. A shortwave UV lamp was used 
for visualization of spots on the TLC plates. 


Derivatization-14C-Carprofen standards (specific activity 0.5 
pCi/mg) were processed with each series of unknowns in duplicate at 5 


C A 
f 


-5- --a+ 


0 


I- 


0 o/o-. 
Figure I-TLCseparation of the (S)(+)- (Rf0.47) and (R)(-)- (Rf0.55) 
diastereomeric 1- (-)-a-methylbenzylamides of carprofen excreted in 
human urine. Key: A and B, duplicate aliquot of reaction mixture ex- 
tract; C,  control product; F, solvent front; 0, origin; and c, carprofen 
s t  ondard. 


Brinkmann Instruments. 
Whatman No. 1. 


and 10 pg. The reaction.was performed in 15-ml conical glass-stoppered 
centrifuge tubes. To the dried residues of the standards and the un- 
knowns, 0.1 ml of the 1,l'-carbonyldiimidazole solution was added. Each 
tube was rotated to permit the reactant to contact the residue completely. 
The mixture was allowed to react a t  room temperature for 5 min; then 
10 p1 of acetic acid was added, and the solution was mixed. l - ( - ) -  
a-Methylbenzylamine, 50 pl, was added; then the solution was mixed well 
in the supermixer, centrifuged briefly to concentrate it a t  the tip of the 
tube, and allowed to react at room temperature for 20 min. 


After completion of the reaction, 5 ml of ether and 3 ml of 0.2 M acetate 
buffer (pH 5) were added. The tubes were stoppered tightly, shaken for 
10 min in a reciprocating shaker, and centrifuged for 5 min. As much ether 
as possible was transferred to a 15-ml conical centrifuge tube. The ex- 
traction was repeated with 5 ml of ether, which was combined with the 
previous extract and evaporated to dryness under nitrogen in a 30-40° 
water bath. The walls were rinsed, and the derivative was brought to the 
tip of the tube with 200 p1 of ethanol. The solvent was evaporated, and 
the residue was dried thoroughly for 5 min in a desiccator under vacuum. 
The residue was redissolved in exactly 200 p1 of ethanol, and duplicate 
1O-pl aliquots were counted. 


Diastereomeric Derivative Quantitation-An aliquot of 50 or 100 
pl was applied as a streak, 2-2.5 cm wide, on a precoated silica gel 60 F-254 
plate (10 X 20 cm; two samples per plate). The solvent system was ben- 
zene-ether-methanol (60355). The TLC tank was lined with solvent- 
soaked filter paper to achieve solvent saturation of the atmosphere. The 
solvent was allowed to ascend a distance of 14 cm from the origin to the 
front. The plate was examined under a shortwave UV lamp, and the ab- 
sorbing bands corresponding to the diastereomeric methylbenzylamide 
derivatives (111) of the dextrorotatory (S)(+)-enantiomer a t  Rf N 0.36 
and the levorotatory (R)(-)-enantiomer a t  Rf N 0.41 (carprofen Rf is 


1 0.5 


\ 


1 
0 2 4 8 


HOURS 


Figure 2-Secretion of L4C-DL-carprofen ester glucuronide (0) and 
of its individual (S)(+)- (0 )  and (R)(-)- (X) enantiomers. The dose was 
3 mglkg iu, measured in pooled bile from four male rats. 
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Table V-Secretion in the Bile of Total IrC, of 'W-Carprofen Ester Glucuronide, and of Its (S ) (+ ) -  and (R)(-)-Enantiomers in Rat  1 


0-1 hr 1-2 hr 2-3 hr 3-4 hr 4-5 hr 5-6 hr 
Per Cumu- Per Cumu- Per Cumu- Per Cumu- Per Cumu- Per Cumu- 


Biliary Fraction Houra lativeb Houra lativeb Houra lativeb Houra lativeb Houra lativeb Houra lativeb 


Total 14C 11.3 11.3 12.1 23.4 8.6 32.0 7.6 39.6 6.1 45.7 4.80 50.5 
Total ''C-carprofen glucuronide 4.56 4.56 3.98 8.54 2.68 11.22 1.95 13.17 1.39 14.56 1.09 15.65 
Hydroxy metabolites, conjugates 6.74 6.74 8.12 14.86 5.92 20.78 5.65 26.43 4.71 31.14 3.71 34.85 


plus polar componente 
Ratio of carprofen (S)(+)/(R)(-) 0.430 0.517 0.618 0.723 0.842 0.854 0.575d 
(R)  (-) -Enantiomer 3.19 3.19 2.62 5.81 1.66 7.47 1.13 8.60 0.755 9.35 0.588 9.9.1 . ._ 
(S)( +)-Enantiomer 1.37 1.37 1.36 2.73 1.02 3.75 0.82 4.57 0.635 5.21 0.502 5.71 
Excess (R)(-) [(R)(-) minus @)(+)I 1.79 3.06 3.69 4.02 4.14 4.22 


( S N + ) / ( R ) ( - )  ratio for 0-6-hr bile pool. 
(I Percent pf dose per hour. Cumulative percent of dose. Unidentified polar component (after conjugate cleavage) represents -20% of this fraction. d Calculated 


0.18) were traced. Each band was scraped, and the scrapings were 
transferred to a counting vial; 2 ml of water plus 10 ml of counting cocktail 
solution5 was added. Quantitation was by scintillation counting. 


RESULTS AND DISCUSSION 


Stereospecific Carprofen Assay-The linearity of the reaction and 
the relative reactivity of the two enantiomers were determined by directly 
reacting standard amounts of l4C-carprofen, ranging from 2.43 to 19.46 
fig of a specific activity of 1000 dpm/pg. The data presented in Table I 
indicate that the combined yield of the two disastereomeric derivatives 
was reproducible and ranged from 64 to 80%. When these standards of 
racemic W-carprofen were reacted, the (S)(+)/(R)(-) ratio had a mean 
value of 1.009 (* 0.05 SD) for n = 50. For a 95% confidence level, the 
confidence limits for the (S)(+)/(R)(-) value were 0.91 and 1.11. This 
finding suggests equal reactivity of the two enantiomers. Doubling the 
I-(-)-a-methylbenzylamine concentration and the reaction time did not 
significantly increase the yield, indicating that the low yields were 
probably due to side-product formation rather than to incompleteness 
of the reaction. 


Identical results were obtained with internal 14C-carprofen standards 
added to control bile in the range 22-45 pg/0.5 ml and subjected to the 
alkaline condition for conjugate cleavage prior to extraction (Table 
11). 


The separated diastereomers on the chromatogram were identified 
by separately derivatizing the unlabeled (S)(+)-enantiomer and the 
(R)(-benantiomer, along with the labeled racemate, and by cochroma- 
tographing the three products. The (S)(+)-derivative moved with the 
Rf 0.35 component, and the (R)(-)-derivative moved with the Rf 0.41 
component. 


Of a number of TLC solvent systems, benzene-ether-methanol ( 6 0  
3551, producing sharp and minimally trailing bands, appeared to give 
the best separation and the enantiomer ratios closest to unity (Fig. 1). 


By extraction from the reaction mixtures with ether a t  pH 5, the 
methylbenzylamide derivatives (111) were quantitatively separated in 
sufficient purity for good TLC separation. Coextracted labeled side 
products did not interfere because of their much lower Rf value in this 
system. Attempts to remove putative remaining acidic material by an 
alkaline backwash of the ether extract proved not to be advantageous. 


Good reaction yields and products could be achieved directly with 
carprofen extracted from bile after alkaline ester cleavage without further 
TLC purification. In the present study, however, all carprofen samples 
obtained from biological materials were purified routinely by preparative 
TLC prior to reacting to avoid unpredictable interference by coextracted 
material with the reaction and with the TLC diastereomer separation. 
Contamination by moisture and buffer salts accidentally transferred 
during the carprofen extraction into the ether interfered with the 
chemical reaction and led to the formation of polar reaction products. 


In the described TLC assay, the sensitivity can be improved by in- 
creasing the specific activity of the labeled carprofen. By adding and 
coprocessing 10 pg of unlabeled carprofen as a carrier, the diastereomer 
detection on the TLC plate was facilitated without affecting the original 
enantiomer ratio that was measured radiometrically. For a specific ac- 
tivity of 1000 dpmlpg (0.5 pCi/mg) of 14C-carprofen, the minimum 
amount of the compound that could be analyzed with accuracy was 
0.61.0 pg, depending on the prevailing enantiomer ratio. To see clearly 
the diastereomer bands on the plate, at least 1.5 pg of total carprofen had 
to be reacted. 


6 Aquasol counting cocktail, New England Nuclear Corp., Boston, Mass. 


Stereoselective Disposition of 14c~D.L-Carprofen in Rats-In the 
rat, 80% of an intravenous carprofen dose (2) was eliminated by biliary 
secretion; the ester glucuronide of carprofen and the ethereal glucuronides 
of two phenolic metabolites represented the main biliary secretion 
products. 


In an exploratory experiment, a specimen of 14C-carprofen obtained 
by alkaline cleavage of the ester glucuronide and extraction from pooled 
0-4-hr rat bile was analyzed. This bile originated from an experiment in 
which 5 mg of radioactive compound/kg (specific activity of 0.5 pCi/mg) 
had been injected into a group of male rats. The ( S ) ( + ) / ( R ) ( - )  ratio of 
this pooled bile specimen was 0.53 [35% (S) (+)  and 65% (R)(-)], indi- 
cating a strong stereoselective effect (Table 111). 


To study this relative increase of the (R)(-)-enantiomer in bile as a 
function of time, consecutive hourly bile specimens that had been col- 
lected for 4 hr after dosing and pooled from four rats were examined. 
These young male rats (Charles River, 300-320 g) had received 3 mg of 
'%-carprofenkg iv (specific activity of 0.5 pCi/mg). The relative amount 
of carprofen ester glucuronide secreted and the distribution of its enan- 
tiomers in the consecutive biliary fractions are listed in Table IV. 


Calculating from these data the percentages of each enantiomer se- 


20l- 


t 1 
0 2 4 6 


HOURS 
Figure 3-Biliary secretion in Rat 1 of 14C-DL-carprofen ester glucu- 
ronide (0 )  and of its individual (S)(+)- ( 0 )  and (R)(-)- (X)  enantio- 
rners. The dose was 3 mglkg iu. 
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Table VI-Secretion in the Bile of Total  14C, of laC-Carprofen Ester Glucuronide, and  of Its (S ) (+ ) -  and (R)(-)-Enantiomera in R a t  2 


0-1 hr 1-2 hr 2-3 hr 3-4 hr 4-5 hr 5-6 hr 
Per Cumu- Per Cumu- Per Cumu- Per Cumu- Per Cumu- Per Cumu- 


Biliary Fraction Hour" lative* Hour" lative* Hour" lative* Hour" lativeb Hour" lative* Hour" lative* 


Total '4c 12.8 12.8 12.7 25.5 9.4 34.9 7.3 42.2 5.7 47.9 4.4 52.3 
Total '4C-carprofen glucuronide 8.46 8.46 7.53 15.99 4.88 20.87 3.3 24.20 2.24 26.44 1.55 27.99 
Hydroxy metabolites, conjugates 4.34 4.34 5.17 9.51 4.52 14.03 3.97 18.0 3.46 21.46 2.85 24.31 


plus polar componentC 
0.718 0.858 0.994 1.083 0.66" Ratio of carprofen ( S ) ( + ) / ( R ) ( - )  0.494 0.612 


( R  )( -)-Enantiomer 5.67 5.67 4.67 10.34 2.84 13.18 1.80 14.98 1.11 16.09 0.75 15.84 
(S)(+)-Enantiomer 2.79 2.79 2.86 5.65 2.04 7.69 1.56 9.25 1.10 10.35 0.80 11.15 
Excess ( R ) ( - )  I(R)(-) minus (S)(+)1 2.88 4.69 5.49 5.75 5.74 5.69 


~~~ 


Percent of dose per hour. * Cumulative percent of dose. Unidentified polar component (after conjugate cleavage) represents -2090 of this fraction. Calculated 
( S N + ) / ( R ) ( - )  ratio for 0-6-hr bile pool. 


Table VII-Blood Levels and  Elimination Rates  of L4C-D,L-Carprofen and Its Enantiomers in Rats 


Percent Dose Percent Dose* 
QL-, (S)(+)/(R)(-)  ( S ) ( + )  Found, Eliminated ( R ) ( - )  Found, Eliminated 


Rat Hours pg/ml Calc." Ratio Irg/ml Calc." per Hour %dml Calc." per Hour 


i n  - I 1.40 5.83 _ _  
1 9.81 9.53 1.143 5.23 5.11 6.17 
2 7.48 7.97 1.29 4.21 4.48 5.42 
3 6.69 3.94 4.62 
4 5.88 5.57 1.70 3.70 3.45 4.21 


5.74 . 
4.58 4.45 11.24 
3.27 3.46 8.62 


2.721 6.45 
2.18 2.10 5.48 


5 4.72 3.04 3.52 1.643 3.92 
6 3.82 3.90 2.09 
k 0.179 
r 2 e  0.992 


2.58 2.66 3.26 
0.131 0.131 
0.980 0.996 


1.24 1.26 3.31 
0.253 0.247 
0.997 


2 0  11.18 5.98 5.36 
1 8.66 8.70 1.21 4.74 4.88 9.20 3.92 3.84 14.18 
2 6.67 6.67 1.52 4.02 3.99 7.44 2.65 2.75 10.17 
3 5.31 3.27 6.02 2.00 6.99 
4 4.27 4.10 1.95 2.82 2.66 5.10 1.45 1.41 5.51 
5 3.22 2.18 4.01 1.03 3.54 
6 2.42 2.48 2.39 1.71 1.77 3.43 0.72 0.73 2.84 
k 0.251 0.248 0.200 0.199 0.330 0.327 
r2 c 0.999 0.985 0.999 0.999 0.997 


c = cOe-k*, where c = blood level at time t ,  and c g  = blood level at zero time. Rate (percent dose per hour) = (cn-l - C,)/CO X 50, where n = 1,2,3,4,5, and 6 hr, and 
c, blood level (micrograms per milliliter) at time n. c r 2  = multiple correlation coefficient. 


Table VIII-Pharmacokinetic Parameters  of Optically Selective Elimination of L4C-D,L-Carprofen in Rats  


Rat 1 Rat 2 
Total ( R )  ( - ) / (S)  (+) Total ( R ) ( - ) / ( S ) ( + )  


Parameter Carprofen (S)(+) (R)( - )  Ratio Carprofen ( S ) ( + )  (I?)(-) Ratio 


Biliary secretion 
k" 0.304 0.246 0.376 1.53 0.394 0.314 0.460 1.46 
t 112 2.28 2.81 1.84 0.655 1.76 2.21 1.51 0.683 


6.63 1.92 4.34 2.26 16.19 4.75 9.14 1.92 
;2 * 0.995 0.994 0.994 0.996 0.999 0.999 


Blood elimination 
k c  0.174 0.131 0.248 1.89 0.247 0.199' 0.327 1.64 
t 112 3.98 5.29 2.81 0.53 2.78 3.48 2.12 0.61 


17.67 6.55 12.50 1.91 24.8 10.1 17.0 1.68 
$8 0.991 0.996 0.997 0.992 0.999 0.997 
k bile/k blood elimination T'75 m1.52 Tixi- 1.58- 1.41 


Expressed as percent per hour. Multiple correlation coefficient. c Blood level fall-off or elimination rate (percent per hour). 


creted per hour and plotting the logarithms of these rates against time 
produced a linear fall-off curve (Fig. 2). The initially higher secretion rate 
of (R)(-)-ester glucuronide declined faster and approached the initially 
lower but more slowly declining secretion rate of the (S)(+)-enantiorner 
by the end of 4 hr. Furthermore, the data (Table IV) indicate that a 4.12% 
excess of the (R)(-)-enantiomer over the (S)(+)-enantiomer had been 
excreted during the 4-hr period. 


This finding suggested the accumulation (retention) of a comple- 
mentary amount of the (S)(+)-enantiomer during the same period and 
the development of an ( S ) ( + ) / ( R ) ( - )  ratio greater than unity in some 
other compartments, possibly in the plasma. Analysis of the carprofen 
fraction of a 4-hr plasma pool from the same four rats verified this con- 
clusion, showing an (S)(+)/(R)(-)-enantiomer ratio of 2.24. 


This change of the blood level ratio of the two carprofen enantiomers 
with time, together with the concurrent secretion rate of the enantiomeric 
ester glucuronides in the bile, was studied in two individual rats. Fol- 


lowing bile duct cannulation, two male rats (200-300 g) were injected with 
3 mg of D,L-'4C-carprofen/kg iv (specific activity of 2.5 pCi/mg) and were 
kept under continuous anesthesia (40 mg of pentobarbital sodium/kg) 
a t  controlled body temperature for 6 hr. Blood specimens of 0.4-0.6 ml 
were obtained a t  1,2, and 4 hr by tail clipping, in addition to a large ter- 
minal 6-hr specimen; bile was collected in six hourly fractions. 


The biliary secretion data from both rats (Tables V and VI) and the 
semilogarithmic plots of the biliary secretion rates uersus time (Figs. 3 
and 5) were consistent with the results from the pooled rat  specimens 
(Table IV and Fig. 2). In both rats, practically the same percentages of 
the dose were recovered as total biliary carbon 14. The fractions secreted 
as 14C-carprofen glucuronide differed, being much higher in Rat 2 than 
in Rat 1. With it, a larger excess of (R)(-)-enantiomer was secreted by 
Rat 2. 


The blood levels of ( S ) ( + ) -  and (R)(-)-enantiomers (Table VII) of 
intact carprofen, when plotted semilogarithmically uersus time (Figs. 
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Figure 4-Blood levels in Rat 1 of “C-DL-carprofen (0) and of its 
(S)(+)- (0 )  and (RN-1- (X) enantiomers. The dose was 3 mglkg iu. 


HOURS 


4 and 6), declined linearly. The elimination rate constants estimated for 
Rats 1 and 2 were higher for the (R)(-1-enantiomer than for the (S) -  
(+)-enantiomer by factors of 1.93 and 1.64, respectively. 


If it is assumed that the distribution volume of intact free carprofen 
enantiomers remained constant over the experimental period, the blood 
level data can be characterized as elimination (disappearance) rates for 
each enantiomer, expressed as percent dose per hour (Table VII). 


0 . 5 1  


I- - 
0 2 4 6 


HOURS 
Figure 5-Biliary secretion in Rat 2 of 14C-carprofen esterglucuronide 
(0) and of its individual (S)(+)- (0 )  and (R)(-)- (X) enantiomers. The 
dose was 3 mglkg iv. 
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Figure 6-Blood levels in Rat 2 of 14C-DL-carprofen (0) and of its 
(S)(+)- ( 0 )  and (R)(-)- (X) enantiomers. The dose was 3 mg/kg iu. 


These elimination rate values for the ( R ) ( - ) -  and (S)(+)-enantiomers 
in blood, when compared with the corresponding rates.of biliary secretion 
of each enantiomer as the ester glucuronides (Tables V and VI), indicate 
that the excess (R)(-benantiomer secreted in the bile can account for 
only a fraction of the (R)(-)-excess eliminated from the blood during the 
same period. Based on an overall balance of both enantiomers, it can be 
estimated that -64% of the (R)(-)-excess eliminated from the blood in 
Rat 1 was removed by an additional stereospecific process compared to 
-37% in Rat 2, a difference that is related to the lower percentage secreted 
as the ester glucuronide of carprofen by Rat 1 as compared to Rat 2 
(Tables V and VI). Evidence for an additional selective process is of in- 
terest in view of the reports of a metabolic chiral inversion of the (It)(-)- 
to the (S)(+)-enantiomer occurring in certain analogous compounds 
(3-6). While the data leave several possibilities open for such an addi- 
tional process, including selective biotransformation, tissue uptake, and 
excretion, a chiral inversion process in which the ( R ) ( - )  is transformed 
to (S)(+)-enantiomer remains as a possibility equally compatible with 
the present data. 


The pharmacokinetic constants derived from the data of the two rat 
experiments are presented in Table VIII. In both rats, the ratios of the 
( R ) ( - )  to the (S) (+)  rate constants for the elimination from blood and 
for the secretion into the bile are similar, ranging from 1.5 to 1.9. In both 
rats, however, the blood elimination constants for both enantiomers are 
significantly and consistently lower than the corresponding constants 
for biliary ester glucuronide secretion. This finding suggests that car- 
profen elimination from the blood into the bile as the ester glucuronide 
is a complex nonlinear process. The data at hand, therefore, do not permit 
a quantitative analysis of the elimination kinetics, nor do they allow 
quantitative predictions concerning other processes not directly measured 
but postulated from the data. 


The main pharmacological conclusion from these stereoselective 
metabolic studies in the rat is that the biologically active (S)(+)-enan- 
tiomer is eliminated more slowly than the inactive (It)(-benantiomer 
and that, therefore, the half-life of the entity that counts pharmacolog- 
ically is longer than that obtained when measuring total carprofen by a 
nonselective standard assay procedure. 


The validity of this observation in respect to the disposition of this drug 
in humans and the possible effect of other stereoselective pathways on 
overall carprofen disposition in the rat and other species will be 
studied. 
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Abstract A novel computerized automated system is described which 
conforms to the basic requirements set forth in the compendia for testing 
the dissolution characteristics of solid dosage forms. This modular system 
can test 12 tablets simultaneously. It can maintain sink conditions at  all 
times and can handle any chemistry amenable to an automatic analyzer. 
Dissolution, sampling, chemistry, and readout are all accomplished si- 
multaneously, reducing the complete test time for 12 tablets to the dis- 
solution time itself. 


Keyphrases Dissolution testing systems-automated programmable 
12-tablet system Automated testing-dissolution testing system, au- 
tomated, programmable, 12 tablet 


In recent years, investigation of dissolution rates of solid 
dosage forms has become of prime importance to the 
pharmaceutical industry, due in part to the commitment 
by the Food and Drug Administration (FDA) to assure the 
bioavailability of active drugs from their various dosage 
forms. In a few cases, the FDA has already shown a corre- 
lation between in uitro dissolution results and in uiuo 
bioavailability. 


Dissolution testing can serve also as an important cri- 
terion of the effects of different constituents in drug for- 
mulations. In manufacturing, it can be useful for deter- 
mining uniformity within and between different produc- 
tion batches. The USP considers this latter use to be so 
important that its 1980 revision will require a dissolution 
test for all tablet and capsule dosage forms. Guidelines for 
establishing dissolution requirements for oral solid dosage 
forms have been established already and are available from 
the USP. 


BACKGROUND 


Due to the increased testing workload that will result from this new 
USP requirement, many pharmaceutical companies have begun auto- 
mating dissolution testing. Multiple automated dissolution testing ap- 
paratus have also been developed (1-3) and were reviewed critically in 
a previous paper (4), which pointed out that none of them met the re- 
quirements of a truly versatile, completely automated multiple dissolu- 
tion testing system. The ADS-6 (4) (computerized six-tablet automatic 
dissolution testing system), which was developed in this laboratory in 
1972, incorporates the USP-recommended dissolution apparatus (either 
the basket or paddle) and can test six tablets simultaneously. Unlike other 
systems, it is completely automated from tablet introduction to final 
readout of the raw data on punched paper tape. In addition, this system 


maintains sink conditions’ a t  all times and performs any type of chem- 
istry amenable to the automated analyzer. The raw data are computer 
analyzed in minutes, and final results are presented as a complete tabular 
report, a graphical dissolution profile, or both. 


The ADS-12 has all of the features of the ADS-6, but it can test 12 
tablets from one lot simultaneously, which is important in view of the 
latest USP requirement, or two different lots of six tablets each. 


EXPERIMENTAL 


Description of ADS-12-The ADS-12 is modular with seven func- 
tional components (Fig. 1). 


Dual Six-Spindle Dissolution- Water Bath Assemblies2 (a)-These 
assemblies contain the sample tablets in wire mesh baskets immersed 
in the dissolution flasks (USP Method I) or directly in the dissolution 
flasks (USP Method 11). Basket rotation speeds are variable from 25 to 
250 rpm. The bath temperature is maintained a t  37”. 


12-Channel Peristaltic Pump3 (b)-The peristaltic pump has a 
pumping range of 0-50 ml/min. Each channel services a single dissolution 
kettle in the bath assembly. Silicone tubing is used to circulate liquid from 
the kettle continuously past the solenoid sampling valve assembly and 
to return it to the original kettle. In effect, a continuous sampling loop 
is formed. 


If “induced” sink conditions are necessary due to very low solubility 
of the drug in the solvent used, then a second 12-channel pump is incor- 
porated into the system. In this case, one pump continuously removes 
solution from the dissolution kettles at  the proper rate while the second 
pump pumps fresh solvent back into the dissolution kettles a t  the same 
rate, thereby maintaining constant volume and sink conditions in the 
kettles. 


Solenoid Sampling Value Assembly4 (c)-The valve assembly consists 
of 16 solenoid valves arranged in four blocks of four valves each. Three 
of the four valves per valve block are used in sampling the liquid from the 
dissolution kettles; the fourth valve is used for inserting an air segment 
between each liquid sample. The solenoid valves are of a single-channel 
design whereby the liquid sample passes from the sample loop uia the 
T-connections, flows through the valve block into a five-pronged cross 
fitting, and finally flows to the sample pump tube of the automated 
chemistry system. The solenoid valves are operated automatically by an 
electrical signal put out by the system controller. 


Figure 2 is a schematic view of two of the four solenoid valve blocks, 
showing the T-connections and the electrical hookup of the solenoid 
valves to the terminal bar. The solenoid valves are connected uia this 
terminal bar to a circuit-indicating light box, which presents a visual 


1 Defined as never allowing the drug concentration in the dissolution flask to 


* Model QC-72R. Hanson Research Corp., Northridge, Calif. 
3 Model 7555-20 standard Ultramasterflex drive system, Cole-Parmer Co., 


4 Catalog No. 18-4, General Valve Corp.. East Hanover, N.J. 


exceed 10-2070 of saturation. 
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Abstract 0 Pseudoephedrine hydrochloride (I), brompheniramine 
maleate (II), and dextromethorphan hydrobromide (111) in a cough-cold 
syrup were separated and determined by ion-pair reversed-phase high- 
pressure liquid chromatography. The separation was carried out using 
a pBondapak CIS column (30 cm X 3.9 mm i.d.) and a mobile phase of 
acetonitrile-water-acetic acid (40:60:1) with 0.01 N 1-octanesulfonic acid 
sodium salt and 0.05 N potassium nitrate. Detection was accomplished 
using a UV detector at 265 nm for I and 11; 111 was monitored at 280 nm. 
Concentration uersus peak height plots in the ranges of 0.37-1.9 mg/ml 
for I, 0.025-0.126 mg/ml for 11, and 0.125-0.625 mg/ml for 111 were linear. 
Ten consecutive injections of a mixture gave a percent relative standard 
deviation of <1% for all three components. Average recoveries from 
laboratory-prepared samples were 100.5% for I, 100.956 for 11, and 100.1% 
for 111. No precalumn cleanup was necessary, and the chromatogram was 
complete in 16 min. 


Keyphrases 0 Cough-cold syrup-analysis, ion-pair reversed-phase 
high-pressure liquid chromatography, pseudoephedrine hydrochloride, 
brompheniramine maleate, dextromethorphan hydrobromide 0 Pseu- 
doephedrine hydrochloride-analysis, ion-pair reversed-phase high- 
preasure liquid chromatography, cough-cold syrups 0 Brompheniramine 
maleate-analysis, ion-pair reversed-phase high-pressure liquid chro- 
matography, cough-cold syrups Dextromethorphan hydrobro- 
mide-analysis, ion-pair reversed-phase high-pressure liquid chroma- 
tography, cough-cold syrups 


Antihistamines, antitussives, and decongestants are 
used extensively in cough-cold syrups. Often, two or more 
of these compounds are combined in a preparation, and 
an isolation of the desired analyte from the other compo- 
nents is necessary prior to measurement. 


Reversed-phase high-pressure liquid chromatography 
(HPLC) was used to investigate 21 antihistaminic, anti- 
tussive, and analgesic drugs in cough-cold mixtures (11, 
and the separation of four antihistamines was examined 
by reversed-phase HPLC (2). Ion-pair reversed-phase 
HPLC is a relatively new and extremely useful technique. 
General discussions of the method were published (3,4).  


The present study investigated the feasibility of 
applying ion-pair reversed-phase HPLC to the separation 
and assay of a mixture of antihistaminic, antitussive, and 
decongestant drugs in a cough-cold syrup. 


EXPERIMENTAL 


Apparatus-A piston pump', an automatic sampler2, and two de- 


1 Milton Roy. * DuPont 834. 


Table I-Accuracy Study for HPLC Assay of Pseudoephedrine 
Hydrochloride (I), Brompheniramine Maleate (II), and 
Dcxtromethorphan Hydrobromide ( I l l )  from Aqueous Solutions 


Percent Recovery, % 
of' Target I I1 111 


85.0 100.6 
90.0 98.4 
95.0 102.0 
97.0 101.4 
99.0 100.6 


101.n 100.0 . 
lox.o 
105.0 
110.0 


~~~. 


100.0 
98.9 


100.7 
1 15.0 98.3 
Average 100.1 


99.9 
97.2 


101.8 
102.1 
98.8 
98.8 


100.0 
98.4 


100.9 
101.3 
99.9 


102.0 
100.3 
100.9 
99.2 
99.8 
99.8 


100.0 
99.1 


100.0 
100.1 
100.1 


lia,,ge- 98.3-102.0 97.2-102.1 99.1-102.0 
HSD f1.2 ~k1.6 f0.84 


tectors (one set at 280 nm3 and the other a t  265 nm4) were used. The 
chromatograms were recorded on a two-pen recorder5. 


Column-A bonded reversed-phase Clg column6 was used. 
Samples-A cough-cold syrup was prepared so that each 5 ml con- 


tained 30 mg of pseudoephedrine hydrochloride (I), 2 mg of brom- 
pheniramine maleate (II), 10 mg of dextromethorphan hydrobromide 
(III), and 5% alcohol. The standard solution was prepared by dissolving 
120 mg of 17, 8 mg of I P ,  and 40 mg of n17 in water and diluting to 100.0 
ml. The sample solution was prepared by transferring 5 ml of the 
cough-cold syrup quantitatively to a 25-ml volumetric flask and diluting 
to volume with water. 


Analysis-The chromatographic conditions were: flow rate, 0.8 ml/min 
(700 psi); mobile phase, acetonitrileg-water-acetic acid (40601) with 
0.01 N 1-octanesulfonic acid sodium saltlo and 0.05 N potassium nitrate"; 
temperature, 25'; and detector scale, 0.064 aufs for 280 nm and 0.1 aufs 
for 265 nm. 


Ten-microliter aliquots of standard and sample solutions were injected 
in duplicate onto the column using the chromatographic conditions. 


DISCUSSION 


Mobile Phase Selection-Methanol and water or acetonitrile and 
water mixtures in various proportions were tested with no satisfactory 
separation of 1-111. Sulfonic acid sodium salts of 1-butane, 1-pentane, 
1-hexane, and 1-octane and dioctylsulfosuccinate sodium salt7 (IV) were 


:' 1,ahoratory Data Contntl model 12OX 
4 l'erkin-Elmer I,C 55. 


Linear .recurder :185. 
fi pHondapak CIS column, Waters Associates. 


NF reference standard. " llSP reference standard. 
Hurdick & Jackson. 


1') Eastman Organic Chemicals 
' I  Haker Analyzed Reagent. 
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- - - 280 nm 


265 nn 


MINUTES 


Figure I-High-pressure liquid 
chromatogram for a commercial 
s a m p / ~  containing pseudoephed- 
rinc~ hydrochloride, bromphenir- 
cirninc maleate, and dextrometh- 
orphan hydrobromide. 


i i  
I I  
\I 
I I  
I1 
I 


MINUTES 


Figure 2-High-pressure liquid 
c.hrornntogram for the standard 
mixture of pseudoephedrine hy- 
cIriic.h/oridc, brompheniraminc 
t?io/t,atc,, and dextromethorphan 
I t  yrlrobromidc~. 


used as ion-pair reagents. With the reagents having a carbon chain fewer 
than eight, I was eluted with the solvent front; with IV, 111 was retained 
on the column too long. 1-Octanesulfonic acid sodium salt gave an opti- 
mum separation of all three analytes. 


Potassium nitrate was used to reduce peak tailing. A 0.05 N concen- 
tration was selected on the basis of the chromatogram and the repro- 
ducibility of injections. Excess potassium nitrate 00.1 N )  resulted in 
poor reproducibility of injections. 


Stationary Phase Selection-Several microparticle reversed-phase 
columns including pBondapak CN, pBondapak phenyl, pBondapak C d ,  
and Zorbax CJ2 were tested. With pBondapak CN and pBondapak 
phenyl columns, the separation of I1 and I11 was acceptable, but I was 
eluted with the solvent front. With Zorbax CIS, I1 and I11 were retained 
on the column too long. The use of pBondapak CIS resulted in a satis- 
factory separation for 1-111. The greater retention with Zorbax CIS was 
probably due to the higher loading of the organic material on the 
column. 


Table 11-Assay of Pseudoephedrine Hydrochloride (I), 
Hrompheniramine Maleate (11), and Dextromethorphan 
Hydrobromide (111) in Commercial Cough-Cold Syrup Samples 


Recovery, % 
S a m ~ l e  I I1 111 


1 
2 
3 


98.8 
99.6 
98.8 


98.1 
99.5 
99.7 


99.9 
99.9 
98.1 


Detector Wavelength Selection-The most selective analytical 
absorption wavelengths for I, 11, and 111 were at 257,265, and 278 nm, 
respectively. Since I1 was present in a small amount, 265 nm was selected 
to obtain the maximum sensitivity for 11, and I was also run at this 
wavelength. Compound 111 was determined at  280 nm. If desired, 1-111 
can be monitored using one variable-wavelength detector13 at 265 nm. 


RESULTS 


With the selected mobile and stationary phases and specified detector 
wavelengths, the active ingredients (1-111) in the cough-cold syrup could 
be separated and assayed quantitatively using ion-pair reversed-phase 
HPLC. 


A linearity study showed that the peak height of each ingredient was 
directly related to the concentration (0.377-1.885 mg of I/ml, 0.025-0.126 
mg of II/ml, and 0.125-0.625 mg of III/ml). 


No chromatographic interference was encountered with the pharma- 
ceutical ingredients used for the syrup base. The average recoveries of 
weighed amounts of 1-111 (85-115% of target) added to the laboratory- 
prepared syrup vehicle were 100.5% for I, 100.9% for 11, and 101.1% for 
111. 


Ten consecutive injections of a standard preparation mixture gave a 
relative standard deviation of <1% for a11 three components. 


The accuracy of the method was studied based on percent recovery of 
10 solutions containing 1-111 in amounts equivalent to 85,90,95,97,99, 
101, 103,105,110, and 115% of target relative to  a standard solution at 
100% target (Table I). The assay bias for all three components was 
f0.1%. 


The HPLC method was used to assay 1-111 in commercial samples, and 
results are presented in Table 11. 


The analytical results demonstrate the ability of the ion-pair re- 
versed-phase HPLC procedure to assay the complex drug mixtures in 
a cough-cold syrup. Typical chromatbgrams of the sample and standard 
preparations are shown in Figs. 1 and 2. The drugs can be analyzed in 
their salt forms, and the sample pretreatment is simple and rapid. The 
complete separation only requires 16 min. 
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6-Oxocamphene from M-I-M-I (9 mg) was dissolved in acetone (1 
ml). Anhydrous chromic acid (1.33 g) was added to the dilute sulfuric acid 
(1.16 g in 2 ml of water) and well stirred. This oxidant (0.1 ml) was added 
by drops to the acetone solution a t  0". and the reaction mixture was 
shaken for 20 min. After 13 hr, R f  0.41 o f  M-I changed to 0.58. The reac- 
tion mixture was neutralized with 5% NaOH, extracted with methylene 
chloride (1 ml), and dried over magnesium sulfate. Evaporation of this 
solvent gave 6-oxocamphene (2.4 mg); mass spectrum: ni/e (%) 150 (M+, 
54). 135 (24), 107 (base), 106 (78), 93 (40). 91 (60), 79 (34), and 77 (21); 
NMR: K (CDCI:%) 5.07 and 4.82 (each IH,  s), 3.09 ( lH) ,  and 1.21 and 1.11 
(each 3H, s). 


Camphene-2,10-glycol 10-Acetate from M-V-Acetylation of M-V 
(100 mg) with acetic anhydride and pyridine gave its monoacetate (84.7 
mg); mass spectrum: m/e ('7,) 214 (M+, 4), 194 (13), 171 (82), 152 (78), 137 
( 5 3 ) ,  109 (hase), and 43 (77); IR: v (CHCln) 3550 and 1730 cm-'; NMR: 
d (CDC13) 4.20 (2H, s), 2.08 (3H, s), and 1.03 and 0.93 (each 3H, s); N M R  
F, (dimethyl sulfoxide-d,j) 4.03 (2H, s), 2.03 (3H, s), 0.93 and 0.88 (each 
3H, s), and 3.27 ( 1  H, s, exchanged with deuterium oxide). The anhydrous 
ethereal solution (10 ml) of lithium aluminum hydride (38.8 mg) was 
added to the ethereal soluticm (20 ml) of the monoacetate (80 mg) under 
a nitrogen atmosphere and stirred a t  room temperature for 4 hr. De- 
composition of the excess lithium aluminum hydride with ethyl acetate, 
filtration through a short column packed with magnesium sulfate, and 
evaporation of the solvent recovered camphene-2,10-glycols. 


Camphenylon (VII) from M-V-'The ethanol solution (5 ml) of M-V 
(100 mg) was added to the sodium periodate (130 m g k l  N sulfuric acid 
solution (6 ml) a t  40' and stirred for 13 hr until it became transparent 
(9). The reaction mixture was neutralized with 5% NaHC03, extracted 
with ether, and dried over magnesium sulfate. Evaporation of the solvent 


gave camphenylon (VII) (23.0 mg); mass spectrum: m/e (%) 138 (M+, 28), 
95 (lo), 81 (5). 72 (14), 69 (base), 67 (67), and 41 (31); UV: A,,, (ethanol) 
287 ( f  24) and 240 (21) nm; [ a ] ~  - 8 . 3 O  (c 2.4, CHCl3). 
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Abstract  Ten arylsulfonylhydrazones were prepared from various 
heterocycles. The antimicrobial activity of these compounds was inves- 
tigated, as was the cytotoxic activity of one of them. 


Keyphrases Arylsulfonylhydrazones-derived from various hetero- 
cycles, antimicrobial and cytotoxic activity 0 Hydrazine-derivatives, 
various heterocycles, antimicrobial and cytotoxic activity Antineo- 
plastic agents, potential-arylsulfonylhydrazones, derived from various 
heterocycles, antimicrobial and cytotoxic activity 


Arylsulfonylhydrazones of 2-formylpyridine and its 
oxide have been investigated as cytotoxic agents (1). Since 
studies involving the preparation and biological properties 
of arylsulfonylhydrazones derived from aromatic hetero- 
cycles other than pyridine and quinoline are not numerous, 
the synthesis and antibacterial screening of the compounds 
listed in Table I were attempted. 


DISCUSSION 


Chemistry-The compounds listed in Table I were synthesized by 
standard procedures, consisting of reaction between hydrazine and p- 
toluenesulfonyl chloride or a-toluenesulfonyl chloride followed by con- 
densation with the appropriate heterocyclic 2-carboxaldehyde (Scheme 
I).  For IV and IX, the requisite 5-nitrofurfural was obtained by the acid 
hydrolysis of 5-nitrofurfurylidene diacetate according to a literature 


method (2). Compounds IV, VIII, and IX are not new compounds and 
were reported previously (3-5). 


The hydrazone linkage in the synthesized compounds allows geometric 
isomers to be formed. Attempts to detect E- and 2-isomers by TLC in 
several solvent systems were successful only with I11 and VII. Compounds 
I11 and VII demonstrated the presence of a trace amount of a second 
compound. However, only in the case of I11 were the two compounds 
nonoverlapping and amenable to dry column chromatography. 


The IR and NMR spectra of IIIa and IIIb were practically superim- 
posable and offered no aid in configurational assignments. Compound 
IIla showed a bathochromic shift in the UV spectrum of only 3 nm 
(285-288) in going from a polar to a nonpolar solvent (ethanol to benzene), 
whereas IIIb showed a bathochromic shift of 10 nm (272-282). These data 
suggest the Z-configuration for IIIb, the trace component and more 
mobile compound on TLC (silica gel, chloroform), and the E-configu- 


R = H, CH,; Y = SO,, CH,SO,; 
X = 0, N, S; R ,  = H, NO, 


Scheme I 
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R,--@Y-NH-N=cH-R, 


Analysis, 90 


Table I-Arylsulfonylhydrazones 


Compound" RI Y Rz Formula Melting Point Calc. Found 


CizH13N30zS 169-173' C 54.14 54.77 
H 4.98 5.04 
N 15.96 16.00 


CizH1zNz02S2 144-146' C 51.41 51.50 
H 4.31 4.30 
N 9.99 10.03 


C I ~ H I ~ N Z O ~ S  108-1090 c 54.53 54.46 
110-1120 H 4.58 4.61 


N 10.59 10.43 
C12HiiN305S 180-182O C 46.60 46.48 


H 3.59 3.48 
N 13.59 13.58 


C I ~ H I ~ N ~ O Z S  188-1900 C 61.33 61.23 
H 4.82 4.96 


13.43 N 13.41 
CIZHI~N~OZS 175-180° c 54.74 54.80 


H 4.98 5.01 
N 15.96 15.94 


4.66 H 4.58 
N 10.60 10.52 


CI~HIZNZOZSZ 140-141O C 51.41 51.42 
H 4.31 4.30 4 N 9.99 9.96 


-4 
4 
4 


I H -CHzS02- 


I1 H -CHzSOz- 


1110 and H -CHzSOz- 
IIIb 


IV H - ~ ~ z ~ ~ z -  *NO, 


-@ V H -CHzSO- 


VI CH3 -soz- 


VII CH3 -so- 


VIII CHB - soy  


CizHizNz03S 110-1 120 c 54.53 54.53 
4 
4 


All compounds were recrystallized from alcohol, except lIla and lIIb which were recrystallized from ether. 


ration for IIIa in analogy to previously prepared thiosemicarbazones 
(6). 


Biological-Compounds I-X were screened for antibacterial activity 
against Staphylococcus aureus and Escherichia coli and were inactive 
except for the weak inhibitory activity by IV. BecauseVII is thepyrrole 
analog of the active arylsulfonylhydrazone derived from 2-formylpyridine 
(l), it was chosen for antineoplastic screening, but i t  was devoid of ac- 
tivity. 


EXPERIMENTAL' 


General Synthetic Procedure-The heterocyclic 2-carboxaldehyde, 
0.01 mole, was dissolved in 20 ml of methanol and maintained at  ice bath 
temperatures. To this well-stirred solution was added dropwise the sul- 
fonylhydrazide (0.01 mole) in 20 ml of methanol. After addition, the 
mixture was stirred for an additional 1 hr and placed in the refrigerator 
overnight. Then the solvent was removed under vacuum to yield semi- 
crystalline solids. The solids were recrystallized from solvents (Table I) 
and were easily characterized by their NMR and IR spectra. 


Biological Screening-The standard filter paper disk method on an 
agar culture medium was used to screen for antimicrobial activity against 


Melting points were taken with a Thomas-Hoover Uni-Melt a paratus and are 
uncorrected. IR spectra were determined with a Beckman Accueab spectropho- 
tometer. NMR spectra were obtained with a Varian model 360-A spectrometer 
relative to an internal standard of tetramethylsilane with deuterochloroform or 
deuterated dimethyl sulfoxide as the solvent. UV spectra were determined with 
a Beckman model 25apec!.rophotometer. TLC was performed on silica gel (Eastman 
chromagram) and visualized with either iodine vapors or UV light. Dry column 
chromatography was performed on silica gel Woelm (ICN Pharmaceuticals) with 
chloroform as the solvent. Elemental analyses were performed by Galbraith Lab- 
oratories, Knoxville, Tenn. 


S. aureus and E. coli2. The disk was saturated with a methanol solution 
of the sulfonylhydrazone, and solutions as concentrated as 100 mg/ml 
were used before inactivity was pronounced. 


Compound VII was screened against P-388 leukemia in CDF-1 mice. 
The compound was administered intraperitoneally as a suspension in 
polysorbate 80 and 5% ethanol. Doses as high as 120 mg/kg failed to show 
increased survival time relative to controls. 
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latter may have been a result of the slightly larger dose of the 165-mg 
capsule. The equivalence of the capsule formulations with respect to all 
other variables suggests that any differences in the bioavailabilities of 
the three formulations are inconsequential. 


According to previous reports (20,21), fenoprofen pharmacokinetics 
after an oral or intravenous dose of 250 mg can be adequately represented 
by a two-compartment open model. Under such a model, plasma levels 
are a linear function of the dose administered (22). 


The results of Study 1 are sufficient to corroborate linearity of orally 
administered fenoprofen pharmacokinetics in the 60-300-mg dose range 
only if nonlinearities are not obscured by bioinequivalencies of the three 
capsule formulations. Since Study 2 established that the three formu- 
lations are essentially bioequivalent, the differences among the formu- 
lations in Study 1 probably were due solely to differing doses. Since the 
Study 1 bioavailability parameters are proportional to the dose, as es- 
tablished by the analysis of variance of the adjusted variables, these ex- 
periments provide additional evidence that orally administered feno- 
profen pharmacokinetics are linear over the 60-300-mg dose range. 


A previous study (23) reported nonlinearity of plasma levels to high 
doses of another cr-methylarylacetic acid, naproxen. The nonlinearity 
occurred at doses of >500 mg while lower doses two times a day yielded 
a linear dose-response curve. This fenoprofen study included single doses 
of 60-300 mg. Higher fenoprofen doses were not investigated. 
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Abstract 0 The 37O cholesterol solubilities in over 50 solvents, including 
the homologous n-alkanols through dodecanol and homologous ethyl 
carboxylates through the undecanoate, and the 37’ j3-sitosterol solubil- 
ities in the n-alkanols through decanol are reported. Additionally, solu- 
bility data for cholesterol at 7,17, and 27O.h the alcohol series were ob- 
tained. These measurements allowed the calculation of heats of solution 
for cholesterol in the alkanols, which range from 7.5 kcal for methanol 
to 4.3 kcal for decanol and which tend to decrease, although irregularly, 
with increasing alkanol chain length. A solubility maximum in all of these 
series for both solutes was observed between a chain length of six and 
seven. A surprisingly irregular, odd-even alternating solubility pattern 
was noted for cholesterol in the alkanols a t  all four temperatures. Ex- 
perimental evidence indicated that this pattern was due to solvent-in- 
duced crystalline changes, presumably solvate formation, in each alkanol 
solvent through CIO. Overall, the solubility studies screened solvents for 


~~ 


their utility in dissolving cholesterol and, thus, cholesterol gallstones. 
To these ends, some limited dissolution experiments were performed, 
which indicated that the solution rate is directly related to the measured 
solubility in organic solvents. The dissolution behavior is thus different 
from micellar bile salt solutions, in which a significant interfacial barrier 
controls kinetics. 


Keyphrases 0 Cholesterol-solubility in organic solvents, n-alkanols, 
ethyl carboxylates, structure-activity relationships fl-Sitosterol 
-solubility in organic solvents, n-alkanols, structure-activity relation- 
ships 0 Gallstones-cholesterol, solubility in organic solvents, treatment 
of stones retained in common bile duct Organic solvents-cholesterol 
dissolution, treatment of gallstones retained in common bile duct, 
structure-activity relationships 


Cholesterol is an important biological membrane con- 
stituent and is the principal component of many gallstones. 
It also has been indicted as a causative agent in arterio- 
sclerosis. The physicochemical properties of cholesterol 
are important to its necessary membrane functions, to its 
role as an initiator and component of gallstones, and to its 
presumed involvement in vascular diseases. Indeed, the 
understanding of cholesterol’s natural and pathophysio- 
logical roles is dependent on a thorough knowledge of 
cholesterol’s biochemistry and physical chemistry. Par- 


ticularly important is cholesterol solubilization in the 
major aqueous biological fluids, blood and bile (1-3). 
Elucidation of cholesterol’s biological solubility and de- 
position would be aided by an understanding of its solu- 
bility behavior in uitro. 


BACKGROUND 


A promising direct application of cholesterol solubility data is the 
dissolution of small cholesterol stones in the common bile duct of patients 
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Table I-Cholesterol Solubility in the  Alkanols at Several Temperatures 


Solubility, mg/mlo 
Rediolabel Spectrophotometric 


Alcohol Temverature Assav Assav 


Methanol 70 
17O 
27” 
370 


Ethanol (95%) 70 
1 7 O  .. 
27 
370 


17O 
n-Propanol 70 


27O 
370 


n-Butanol 70 
17O 
27O 
370 


n -Pentanol 


n-Hexanol 


n-Heptanol 


n-Octanol 


n-Nonanol 


n-Decanol 


n-Undecanol 
n-Dodecanol 
Isopropanol 
Isobutanol 
sec-Butanol 
tert - Butanol 


70 
17O 
27O 
370 
37O (water saturated) 
70 


170 
27O 
370 
37O (water saturated) 
70 


17” 
27O 
370 
37’ (water saturated) 
70 


17O 
27” 
370 
70 


17O 
27O 
370 
37’ (water saturated) 
70 


17O 
27O 
370 
37O 
370 
370 
370 
37O 
370 


2.30 (2.35,2.25) 
3.37 (3.44,3.30) 
6.09 (6.03,6.15) 
7.89 (3.0.26) 


11.5 ( i l k ,  1114) 
17.0 (17.2, 16.7) 
23.7 (23.5,23.8) 
32.5 (3,0.58) 
28.6 (28.5, 28.7) 
41.0 (41.1: 40.9) 
58.6 (59.4; 57.8) 
92.7 
3i:6 (31.5,31.7) 
44.6 (44444.7) 
64.2 (65.2.63.1) 
95.1 (92.3,97.8) 
54.7 (53.3. 56.0) 
79.5 i80.0; 78.9) 


107.2 (108.4,106.0) 
157.1 (158.3,155.9) - 
69.3 
91.7 (90.7,92.6) 


122.3 (3.2.75) 
165.7 (165.9, 165.5) - 
91.1 (90.7, 91.5) 


126.9 (129.0, 124.8) 
157.9 (161.9, 153.9) 
210.9 (208.7,213.1) 


74.2 (73.5,74.8) 
101.4 (103.9,98.8) 
128.8 (128.1,129.4) 
172.4 (174.2, 170.5) 
72.6 (73.6, 71.5) 
96.7 (98.2,95.2) 


- 


119.0 
164.0 (166.5,161.5) - 
98.3 (98.6,97.9) 


143.7 (1405,146.8) 
168.7 (165.8,171.5) 
212.2 (216.3,208.0) 


48.9 (39.6.58.21 


- 
- 


96.3 i98.0; 94.5j 
123.4 (131.8, 115.0) 
19.9 (20.1, 19.6) 


1.96 
3.65 
5.21 (5.38,5.03) 
6.19 (4,0.75) 


11.0 
17.0 
23.4 (22.6,24.2) 
31.1 (4,6.29) 
28.0 
47.2 
63.6 (69.7,57.4) 
94.4 (4, 1.63) 
28.5 
46.1 
70.8 (65.6,75.9) 
97.8 (4.5.74) . ,  , 


47.6 
87.3 


121.5 (112.5,130.4) 
150.0 (4, 1.40) 
124 
62.3 


100.5 
143.3 (149.1,137.4) 
178.2 (4,9.63) 
150.8 
89.3 


139.0 
197.7 (191.0,204.4) 
200.4 (4, 13.36) 
176.9 
68.4 


103.9 
154.9 (154.0,155.8) 
180.0 (4.6.16) 
- 
94.5 


15010 (144.7, 155.8) 
177.6 (4,8.71) 
182.9 
- 
142.7 
147.7 (152.7, 142.7) 
215.6 (4,20.89) 
233.7 (237.1, 230.3) 
110.5 


The averaged result is reported where there were more than two determinations, followed by parentheses which indicate the number of determinations and the standard 
deviation. For two determinations, the average is followed by parentheses containing the individual values. A single determination is without parentheses. 


who have undergone cholecystectomy. This occurs in up to 5% of patients 
after gallbladder surgery (4-6). 


The common duct is often explored during cholecystectomy, and a 
T-tube is inserted into the common duct to keep it “decompressed” 
during healing. If stones are discovered before the T-tube is removed, 
various approaches are possible. Traditionally, the patient simply has 
been observed since such “retained” stones may pass or dissolve spon- 
taneously and duct reexploration is dangerous. There also have been 
repeated reports of the direct instillation into the T-tube of organic sol- 
vents, such as ether or chloroform (7), which are excellent solvents for 
gallstones in oitro. This approach has been abandoned as too hazardous 
by most physicians. 


In 1972, Way et ol. (6) directly instilled a micellar sodium cholate so- 
lution into the common duct via the T-tube for stone dissolution, and 
this procedure has been used with moderate success in uncontrolled 
studies (8,9). Some investigators reported success in uncontrolled studies 
with micellar sodium chenodeoxycholate solutions, and others have 
proposed the instillation of presumably less toxic solvents, such as 
polyoxyethylene hydrogenated castor oil (101, or N-alkylecetamides (11). 
Recently, direct stone aspiration by a Dormia basket catheter has been 
the treatment of choice. Nonetheless, direct physical extraction of re- 
tained common duct stones is not always possible, and a need persists 
for a solution that can be directly infused into the common duct and that 
will safely induce rapid gallstone dissolution. 


The present study is concerned with the solubility of cholesterol 
“monohydrate,” a model gallstone material, in several homologous solvent 
series and in other selected solvents, some of which are promising from 
the standpoint of physiological suitability for dissolving cholesterol 
stones. The homologous series were chosen to provide regular alteration 
of the physicochemical properties of the solvent. Initially, it was felt that, 
if the optimum solvent polarity for cholesterol could be put in terms of 
a maximum in solubility in a homologous series of solvents, a rational 
basis for solvent selection would materialize. In other words, it was an- 
ticipated that solvents of the same solubility parameter or polarity as the 
best homolog also would be efficient solubilizers. 


This approach was viewed as more systematic than most previous in- 
vestigations, which reported on cholesterol solubility in fats, oils, arbi- 
trarily selected organic solvents, and modified bile solutions (1-3, 12). 
During the present investigations on the cholesterol solubility in the 
n-alkanols, there appeared a physicochemical curiosity, an odd-even 
alternation in solubility a t  chain lengths up to seven carbons. Resolution 
of this phenomenon is a principal feature of this report. 


EXPERIMENTAL 


Preparation of Cholesterol Monohydrate-Crude anhydrous 
cholesterol (25 g) was dissolved in 2 liters of 95% ethanol warmed to 60” 
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Table 11-Cholesterol Solubility at 37" in Various Organic 
Solvents 


Solubility, mg/mln 
Radiolabel Spectrophoto- 


Solvent Assay metric Assay 


Ethylene glycol 
Pro ylene glycol 
1,3-butylene glycol 
1,4-Butylene glycol 
2,3-Butylene glycol 
Formamide 
N-Methylformamide 
N , N -  Dimethylformamide 
Propylene carbonate 
Polyethylene glycol 400 
Diethylene glycol monoethyl 


ether 
Diethylene glycol monoethyl 


ether acetate 
Diethylene glycol monobutyl 


ether 
2-Methoxyethanol 
2-Ethoxyethanol 
2-Methoxyethyl acetate 
2-Ethoxyethyl acetate 
2-(2-Ethoxyethoxy) ethyl 


2-(2-n-Butoxyethoxy) 
acetate 


ethanol 


0.30 (0.35,0.24) 
1.79 (1.51,2.06) 
1.57 (1.56,1.58) - 
6.33 (7.52,5.13) 


5.33 (5.72,4.93) 


1.75 (1.75, 1.75) 
3.85 (3.98,3.72) 


- 
- 


53.3 (3,0.36) 


29.5 


106.5 


27.1 (26.1,28.1) 
87.0 (89.3,84.6) 
28.5 (28.5,28.5) 
43.2 
30.3 (3,0.85) 


106.9 (106.5, 107.2) 


2.07 (1.26,2.88) 
3.32 (3.36.3.27) 
2.15 
5.27 
1.41 


4.92 


G3 (3,0.37) 


- 


50.0 


Dipropylene glycol 25.6 29.7 
Ethylene glycol diacetate 7.01 (3,0.44) 6.90 
Glyceryl Giacetate (triacetin) 7.17 - 
Methyl benzoate 107.9 (3, 1.82) - 
Glyceryl-1-monooctanoate 116.8 - 
Glyceryl trioctanoate 52.0 (3,0.79) - 


(monooctanoin) 


(tricapryline) 
Isopropyl myristate 67.4 (67.7,67.1) - 
Oleic acid 146.2 (3.8.45) - 


LI The averaged result is reported where there were more than two determinations, 
followed by parentheses which indicate the number of determinations and the 
standard deviation. For two determinations, the average is followed by parentheses 
containing the individual values. A single determination is without parentheses. 


and filtered through a paper filter' while warm. This mixture was allowed 
to return to room temperature and to crystallize by standing overnight. 
The formed crystals were collected in a sintered-glass funnel and dried 
15-18 hr under vacuum. The material was crystallized a second time using 
the same procedure. The twice-crystallized cholesterol was stored in the 
dark in a desiccator containing water (100% humidity). 


Radiolabeled cholesterol was prepared similarly. After the first crys- 
tallization, 25 g of cholesterol was dissolved in 2 liters of 95% ethanol a t  
65', 10 pCi of 14C-cholesterol in benzene (<1 ml) was added, and the 
recrystallization was carried out as with the cold material. The activity 
of the labeled cholesterol was 803 c p m h g .  


The other materials were organic solvents obtained commercially* in 
the purest form available and were used as received. 


Sample Preparation-Excess cholesterol monohydrate was placed 
in screw-capped test tubes containing 3-4 ml of solvent. The  tubes were 
sealed and placed in a thermostated bath (7,17,27, or 37') equipped with 
a shaker and equilibrated for 1 3  days. In preliminary studies, this time 
was more than adequate to obtain equilibrium. Samples were taken using 
glass wool-tipped pipets preconditioned to the experimental temperature. 
The samples were appropriately diluted for the spectrophotometric 
procedure using 95% ethanol. In the radiolabel assay, the samples were 
added directly to the scintillation cocktail without further dilution. 


Cholesterol solubility in water-saturated, water-immiscible n-alkanols 
was also determined (Cs and above). In this case, excess cholesterol was 
added to a two-phase system containing several milliliters of an aqueous 
phase overlayered with several milliliters of the immiscible, water-sat- 
urated alkanol phase. The two-phase systems were equilibrated for 2 3  
days with gentle agitation and allowed to reform into two clear, distinct 
layers. Samples were drawn carefully from the upper organic phase using 
glass wool-tipped pipets. These samples were assayed using the proce- 
dures employed with the pure solvents. 


Whatman. 
Aldrich; Baker; Eastman; Fisher; Matheson, Coleman, and Bell; and US. In- 


dustrial Chemicals. 


Table 111-Cholesterol Solubility in the Homologous Ethyl 
Carboxylates at 37" 


Solubilityn, mg/ml(37', 
Ethyl Carboxylate Solvent Radiolabel Assay) 


Ethyl acetate 76.4 
Ethyl ropionate 101.4 (101.3, 101.5) 
Ethyl gutyrate 103.0 (102.6, 103.3) 
Ethyl pentanoate (valerate) 112.3 
Isoamyl acetate 109.5 (109.9, 109.1) 
Ethyl hexanoate 101.9 (3, 2.55) 
Ethyl octanoate 99.2 (98.6,99.7) 
Ethyl nonanoate (pelargonate) 95.6 (3,1.46) 
Ethyl deconoate 88.5 (87.4,89.5) 
Ethyl undecanoate 102.9 (3,3.72) 
Ethyl dodecanoate (laurate) 85.2 
Ethyl tetradecanoate (myristate) 78.5 
Ethvl hexadecanoate (palmitate) 76.7 


a The averaged result is reported where there were more than two determinations, 
followed by parentheses which indicate the number of determinations and the 
standard deviation. For two determinations, the average is followed by parentheses 
containing the individual values. A single determination is without parentheses. 


Generally, duplicate samples were taken from each solute-solvent 
equilibrium mixture at separate times and were assayed independently. 
The initial studies were done using the spectrophotometric procedure. 
However, as can be seen from Tables I and 11, this procedure was ac- 
companied by substantial variability, so an alternative procedure in- 
volving radiolabeled cholesterol was adopted. This procedure proved to 
be far more precise, although the averaged results between procedures 
were in reasonable agreement for the alkanols and some other solvents. 
With few exceptions, replicate assays with the radiolabeled cholesterol 
agreed within 5%. Specific statistical data on the methods are given in 
Tables 1-111. Percent coefficients of variation calculated from these data 
were typically between 1 and 5% and were smaller for the least viscous 
solvents, such as the low molecular weight alcohols. 


Given the unusual solubility patterns observed for cholesterol in the 
n-alkanols, the solubilities of a structurally closely related steroid, /hi- 
tosterol, in these normal alcohol solvents were determined also. This 
experiment was done to see if the peculiar solubility behavior was unique 
to cholesterol or was a more general phenomenon exhibited by this steroid 
class. The procedure was identical to that employed in the cholesterol 
analysis. Radiolabeled p-sitosterol was recrystallized from ethanol for 
the experiment. 


Radiolabel Assay-Scintillation cocktail was made as follows: 
naphthalene, 60 g; 2,5-diphenyloxazole, 4 g; 1,4-bis[2-(5-phenyloxazol- 
yl)]benzene, 0.2 g; absolute methanol, 100 ml; ethylene glycol, 20 ml; and 
dioxane, qsad, 1000 ml. 


Aliquots of 0.1 ml were taken from the saturated solutions and diluted 
in 10 ml of the cocktail. In all cases, clear solutions were obtained. The 
vials were placed in a scintillation counter, and the disintegrations 
(counts) per minute were obtained. These values were compared against 
standard solutions prepared by taking 0.5 ml of a cholesterol solution in 
acetone containing 114.9 mg of labeled compound/50 ml, evaporating it 
to dryness, and dissolving the residue in 10 ml of the cocktail. It was un- 
necessary to add 0.1 ml of the particular solvent t o  simulate the sample 
composition. The solubility in milligrams per milliliter was calculated 
from the ratio of the sample counts to the standard counts, times the 
appropriate dilution factor. 


Spectrophotometric Procedure-Cholesterol solubility in the n- 
alkanols and some other polar solvents was determined by a literature 
spectrophotometric procedure (13) (cold cholesterol) as well as by scin- 
tillation counting, which was used for most solvents, The spectrophoto- 
metric procedure was used for the initial work, but the data are presented 
here only as a cross-check on the scintillation method. The reader is re- 
ferred to the literature for the details of this complex assay. Where both 
analytical procedures were employed, the results were in close agree- 
ment. 


Differential Thermal  Analysis-The equili'.rium crystals in the 
n-alkanols were collected on a sintered-glass funnel and rinsed quickly 
with about 50 ml of cold hexane to remove residual alcohol. The crystals 
were transferred to a filter paper and allowed to dry overnight at room 
temperature. Several milligrams of cholesterol obtained from each alcohol 
was placed in glass capillaries, and differential thermal scans3 were made. 
All tracings were repeated, and no significant differences appeared in the 
thermograms from run to run with a given compound. 


Du Pont 990 thermal analyzer. 
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Table IV-Cholesterol Solubilities in Binary Mixtures of n- 
Alkanols a t  37" Adjusted to Fractional Chain Lengths 


Fractional 
Solubility, mg/ml . 


Radiolabel SDectroDhotometric 
Chain Length Alkanol Pair Assay Assay 


2.5 Ethanol-propanol - 67.0 
3.5 Propanol- butanol - 100.5 
4.5 Butanol-pentanol - 127.1 
5.5 Pentanol-hexanol - 189.9 
6.1 Hexanol-heptanol 183.4 - 
6.2 Hexanol-heptanol 192.9 - 
6.3 Hexanol-heptanol 202.0 - 
6.4 Hexanol-heptanol 212.0 - 


6.6 Hexanol-heptanol 216.2 - 
6.7 Hexanol-heptanol 219.9 - 
6.8 Hexanol-heptanol 215.9 - 
6.9 Hexanol-heptanol 214.2 - 


6.5 Hexanol-heptanol 215.0 114.6 ( ? ) O  


7.5 Heptanol-octanol - 198.3 
8.5 Octanol-nonanol - 206.5 


This data point was discarded as an anomaly. 


RESULTS 


Cholesterol solubilities in the n-alkanols from methanol to undecanol 
are given in Table I. These values were determined at 7,17,27, and 37' 
for most of the pure alkanols and at 37" in several water-saturated long 
chain alkanols. Both the spectrophotornetric procedure and radiolabeled 
assay were used and gave results generally in accord. 


The data for the alkanol solvents through chain length 10 at the four 
temperatures are plotted in Fig. 1. This profile is characterized by an 
odd-even alternation in solubility up to an alkanol solvent chain length 
of seven, followed by an erratic solubility pattern through the remainder 
of the series. The "staircase effect" is somewhat more pronounced at  the 
higher temperatures. 


The solubilities of cholesterol a t  37" in a second homologous series, 
the ethyl carboxylates, were also determined (Table 111). Data are not 
available for the C7 compound, but otherwise the series is uninterrupted 
from Cp to C11; ethyl heptanoate was not available from the major 


I , I I I I I I 
2 3 4 5 6 7 8 9 10 


ALKANOL CHAfN LENGTH 


Figure I-Solubility profiles of cholesterol in the n-alkanols a t  7,17, 
27, and 37'. The unusual feature of these plots is the odd-even alter- 
nation in solubility behavior from C1 to C,. It is apparent from thermal 
analysis data that the equilibrium crystals yielding these solubilities 
are not identical. The plotted data are those obtained with the ra- 
dioassay. 


Table V-@-Sitosterol Solubilities in the n-Alkanols at 37" 


Solubility, mg/mla 
Alcohol Solvent (Radiolabel Assay) 


Methanol 5.39 (5.34,5.44) 
Ethanol 36.3 (37.0,35.6) 
n-Propanol 204.8 (209.0,200.5) 
n-Butanol 279.8 (294.4, 265.2) 
n-Pentanol 318.6 (312.2,324.9) 
n-Hexanol 333.1 (326.2.339.9) 
n-Heptanol 312.1 (312.2,312.0) 
n-Octanol 315.1 (314.8.315.3) 
n-Nonanol 314.9 (318.2,311.6) 
n-Decanol 319.3 (314.6,324.0) 


The parentheses indicate the values of the independent determinations. 


chemical suppliers. The solubility of the isoamyl acetate is listed in the 
table under that of the comparable compound, ethyl valerate. These two 
compounds have the same molecular weight and empirical formula, 
C~H1402, and their solubilizing capacity for cholesterol is nearly iden- 
tical. 


The data found in Table I11 are also displayed in Fig. 2. Unlike the 
alkanols, the solubility-chain length profile is a smooth curve. The 
maximum in the plot is observed at  a carboxyl chain length of five or totel 
carbons, counting the ethyl ester group, of seven. The solubility varies 
only about 50% from the minimum to the maximum in the series. 


The 37O solubilities of cholesterol in diverse additional solvents are 
given in Table 11. These values are crudely grouped according to the type 
of solvent structure and are listed in rough progression from polar to 
nonpolar solvent character. 


The cholesterol solubilities in binary n-alkanol mixtures combined 
so as to give a "fractional chain length" were also determined (Table IV) 
by mixing appropriate amounts of adjacent homologs to predetermined 
fractional molar compositions, usually half and half. A mixture containing 
equal molar amounts of ethanol and propanol, for instance, was consid- 
ered to have an effective chain length of 2.5. Because of an initial ana- 
lytical error, which indicated that the solubility of fractional chain length 
6.5 was approximately one-half of the value expected based on the solu- 
bilities of pure hexanol or heptanol, the cholesterol solubility in binary 
solvent mixtures of these two alcohols was studied in detail (Fig. 3). There 
is a maximum in solubility at about fractional chain length 6.7, but the 
solubility in this mixture is only slightly greater than that observed in 
pure heptanol. 


Lastly, the solubilities of P-sitosterol were also determined in the n- 
alkanols (Table V and Fig. 4). The solubility patterns observed are totally 


0 


e m  


I r l l r l r r r f l I L  
2 4 6 8 10 12 14 


CAREOXYLATE CHAIN LENGTH 


Figure 2-Solubility a t  37' of cholesterol monohydrate in the homol- 
ogous ethyl carboxylates. Unlike the n-alkanols, the curve is without 
serious irregularities, suggesting that there are no solvent-induced 
crystalline changes in these solvents. Key: 0, isoamyl acetate. 
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Table VI-Heats of Solution of Cholesterol i n  the n-Alkanols 
through Decanol 


A 


Alcohol 
Solvent 


Methanol 
Ethanol 
n-Propanol 
n-Butanol 
n-Pentanol 
n-Hexanol 
n-Heptanol 
n-Octanol 
n-Nonanol 
n-Decanol 


Least-Squares 
Slope 


Arrhenius Plot" 


-1.648 X 10' 
-1.301 X lo3 
-1.464 X lo3 


-1.304 X 10' 
-1.383 x 103 


-1.095 X l@ 
-1.042 X lo3 
-1.045 X lo3 


-0.9995 X lo3 
-0.9327 X 10' 


Correla- 
tion Coeffi- 


cient 


-0.9926 
-0.9997 
-0.9961 
-0.9983 
-0.9986 
-0.9989 
-0.9993 
-0.9991 
-0.9962 
-0.9878 


Heat of Solution, 
AH8, cal/mole 


7540 
5950 
6700 
6330 
5970 
5010 
4770 
4780 
4570 
4270 


I) Slope = ( -AH8/2 .303R) .  


unlike those seen for cholesterol and indicate that cholesterol is unique 
in the way it interacts with the homologous alcohols. 


DISCUSSION 


General Solubility Patterns-The 37' solubility data for cholesterol 
in the ethyl carboxylates (Table 111 and Fig. 2) and in the diverse solvents 
listed in Table I1 suggest some general solubility patterns. Not too sur- 
prisingly, cholesterol is relatively insoluble in the very polar solvents such 
as the glycols and formamides. The solubility in ethyl acetate of 76.4 
mg/ml is the lowest observed in the ethyl carboxylate series, although 
it is not experimentally different from the solubility in ethyl myristate 
(78.5 mg/ml) and ethyl palmitate (76.7 mg/ml). 


The solubility in the latter two solvents suggests that  they are effec- 
tively more nonpolar than cholesterol and interact less strongly with this 
compound than the intermediate chain length esters. Since the inter- 
molecular forces involved here would be primarily of the London dis- 
persion and other van der Waals types, it can be qualitatively stated that 
the solubility parameter of the shortest and longest chain esters differs 
from that of cholesterol and that there is a significant activity coefficient 
correction based on the solubility parameter differential, in the direction 
of reducing the solubility. It is assumed here that there are no significant 
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Figure 3-Cholesterol solubilities in mixtures of heranol and heptanol 
against the average chain length of the solvent pair. The extreme points 
are the solubilities in pure hexanol and heptanol. 
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Figure 4-Solubility of p-sitosterol in the n-alkanols. The behavior here 
is far more regular than that seen for cholesterol in these same sol- 
vents. 


crystalline changes in these solvents. Certainly, the smooth solubility 
profile (Fig. 2) strongly suggests this condition. 


These general observations are fully consistent with those of previous 
investigators (2) who studied cholesterol solubility in various fats and 
oils and in a series of pure triglycerides. In general, they found the solu- 
bility in oils not to vary appreciably, as observed with the ethyl carhox- 
ylates, but they also found the solubility to be greatest in fats and oils 
containing relatively short chain (C,+&) fatty acids. In the pure tri- 
glycerides, they observed a solubility maximum of 54.7 mg/ml for glyceryl 
tridecanoate (tricaprin). Solubilities were considerably less in short chain 
triglycerides and somewhat less in triolein and trilinolein, 37.7 and 34.1 
mg/ml, respectively. The reported (12) very low solubility of cholesterol 
in mineral oil, an apolar solvent, of 13.9 mg/ml a t  37" also is consistent 
with the observation that a moderate polarity favors solubility. The 
consistency of cholesterol solubility in ethyl valerate (1 12.3 mg/ml), 
isoamyl acetate (109.5 mg/ml), and methyl benzoate (107.9 mg/ml), which 
are all C7 esters, further indicates a general cohesive energy effect because 
these esters would have similar solubility parameters. 


Another factor affecting solubility, in addition to the general cohesive 
energy effect, is evident from consideration of several pairs of compounds. 
The cholesterol solubility in 2-(2-butoxyethoxy)ethanol (106.9 mg/ml) 
was more than threefold greater than that found for 2-(2-ethoxyethoxy) 
ethyl acetate (30.3 mg/ml). The same was true for diethylene glycol mo- 
nobutyl ether (106.5 mg/ml). These two pairs have similar empirical 
formulas. Cholesterol solubility in glyceryl-1 -monooctanoate was over 
twice that for glyceryl trioctanoate, which may be a solubility parameter 
effect. Solubility in diethylene glycol monoethyl ether was considerably 
greater than in diethylene glycol acetate, which is in the opposite direction 
from the general trend. Solubility in 2-ethoxyethanol was slightly greater 
than in ethyl acetate, which also runs contrary to the general polarity 
behavior. 


In each pair, the better solubilizing solvent had a free hydroxyl group, 
two in the case of the glyceride, but the hydroxyls were esterified in the 
poorer solvent pair member. The presence of a free hydroxyl obviously 
favors solution. Whether the effect is due to enhanced intermolecular 
interaction in the solution phase or whether it is due to a change in the 
cholesterol crystal form occurring in the approach to equilibrium, or both, 
is undetermined. Energetic hydrogen bonding with the cholesterol hy- 
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Figure 5-Arrhenius-type plot of the solubilities of cholesterol in the 
n-alkanols. Key: 0, methanol; 0 ,  ethanol; 0, propanol; ., butanol; A, 
pentanol; A, hexanol; 0, heptanol; +, octanol; V, nonano1;and V, de- 
canol. 


droxyl is certainly promoted by having free hydroxyl functions in the 
solvent structure. However, as will be demonstrated, some alcohols also 
change the nature of the crystalline phase. 


In most solvents, even the poorer ones, cholesterol solubility exceeds 
that found in micellar bile acid solutions. Typically, the solubility in the 
latter systems is -0.5-1.5 mg/ml (9). Given that the dissolution rate of 
an organic solid is generally directly proportional to its solubility in the 
solvent, this observation superficially suggests that  organic solvents 
should be more efficient (in terms of rates) in dissolving gallstones. The 
superficiality of this statement resides in the fact that gallstone disso- 
lution is controlled by an interfacial harrier, a t  least with respect to bile 
acid solubilization, and is not diffusion controlled and also in the fact that 
the dissolution process hydrodynamics have not been accounted for. If 
the solvent is viscous, the solution rates will be slowed because a thicker 
effective boundary layer will form around the stone and because the 
diffusivity in this layer may be significantly reduced. Nevertheless, 
cholesterol solubility in many of these solvents is sufficiently high to 
suggest that residual stones may be dissolved and removed relatively 
quickly by solvent dissolution. 


Cholesterol Solubility in n-Alkanols-The introduction stated that 
the n-alkanols were chosen as model solvents to pinpoint an optimum 
solvent polarity for cholesterol, a t  least qualitatively, to put solvent se- 
lection for gallstone dissolution on a rational basis. These solvents show 
regular incremental increases in their physicochemical properties, such 
as boiling points, heats of vaporization, and water solubilities, all related 
to the alkyl chain length. The use of regularly altering physicochemical 
properties has proved fruitful in other studies involving organizing and 
interpreting solubilities of homologous solutes in a given solvent (14) and 
solubilities of a given solute in binary solvent mixtures (15). As can be 
seen in Fig. 1, cholesterol solubilities in the alkanols do not yield a smooth 
solubility trend as a function of solvent chain length. Rather, the s o h -  
bility profile is irregular and exhibits odd-even alternations up to hep- 
tanol. 


Heats of solution for each compound also were obtained from plots of 
the solubility logarithms versus reciprocal absolute temperature (Fig. 
5). These values systematically decrease with increasing solvent alkyl 
chain length (Table VI), albeit irregularly. The value for ethanol, which 


I I 


Figure 6-Differential thermal analysis tracings of the equilibrium 
cholesterol crystals from the various n-alkanols as well as of the 
monohydrate and anhydrous forms. All  curves were reproducible far 
a given solvent and decidedly different between solvents. The 50 and 
150° reference points are given. The tracings are identified as if for true 
soluates but are  for crystalline forms, which are  not as yet fully char- 
acterized. 


appears to fall out of the overall trend, was obtained in 95% ethanol and 
not in the pure solvent. 


I t  was reasoned that if the general solvent properties were sensitive 
to whether the alcohol was odd or even in carbon number, which would 
be over and above more general effects of increasing alkyl chain length, 
then the solubility behavior of closely related steroids should parallel that 
shown for cholesterol. Therefore, the solubility of P-sitosterol in the al- 
kanols was examined. The data (Fig. 4) form a smooth profile, which 
plateaus a t  about 320 mg/ml between C g  and C ~ O .  While the very large 
solubilities a t  the longer chain lengths are unusual for this type of com- 
pound, clearly the behavior is dissimilar to that of cholesterol, ruling out 
a nonspecific solvent effect. Also, since the odd-even effect was seen a t  
four temperatures, it was not the result of a solid phase transition known 
to occur a t  37O (16). 


The unusual solubility behavior was resolved by collecting the equil- 
ibrated cholesterol crystals in each alkanol and examining the solid by 
qualitative differential thermal analysis. Figure 6 shows thermogram 
tracings for cholesterol crystals obtained from saturated solutions of each 
alkanol along with a tracing of the starting material, cholesterol mono- 
hydrate. The fusion properties of the solvent-equilibrated crystalline 
phases are quite different. These data indicate that cholesterol “sol- 
vates”4 of each alkanol are formed and, taken together with the solu- 
bilities, further suggest that  the crystalline properties of the formed 
solvates exhibit alternations in the fusion energetics, which are effectively 
odd-even in character up to a chain length of seven. This phenomenon 
is typical of the fusion energetics of homologs (17) but apparently has 
never been demonstrated for solvates. 


The thermogram tracing for the starting material, cholesterol mono- 
hydrate, was rerun multiple times and was never exactly the same. Its 
general features were a shallow endotherm beginning a t  about 80’ with 
a double minimum. From run to run, the minimums shifted slightly on 
the temperature axis and alternated in relative magnitude. Furthermore, 
the major melting endotherm was double tipped in most cases with 
minimums a t  -151 and 152.5O. There is a strong suggestion that this is 
not a pure crystal but a mixture of forms, probably, considering the re- 


‘ The term “solvate” is used here with some liberty. The thermograms show the 
crystalline phases to be different, but the exact nature of the differences is unknown. 
However, the solubility patterns strongly suggest solvent participation in the 
crystalline form. Other data in the literature concerning cholesterol solid states 
support this idea (16). 
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Figure 7-Theoretical behauior for dissolution from a rotating flat 
surface oceording to  Levich (-) and the expected behauior for the 
dissolution cell based on bentoic acid dissolution ( -  - -). The dissolution 
of cholesterol at 150 and 300 rpm falls uery near the exact expectations 
for boundary layer control based on the benzoic acid “calibration.” 


crystallization procedure and storage conditions, an ethanolate and a 
hydrate. 


On cooling and remelting, the curve took a different form with a slight 
endotherm a t  37’ and a major melting endotherm a t  151’. This curve has 
been associated with anhydrous cholesterol (16). The 37’ endotherm is 
a solid phase transition known to occur with the anhydrous form (16). 
In methanol-equilihrated crystals, there is also an endotherm a t  -40’ 
(minimum) and the retracing on cooling is indistinguishable from that 
of the anhydrous form. In ethanol, there is a broad and very shallow en- 
dotherm beginning a t  -40’ and extending beyond 50’. In propanol, there 
is an initial shallow endotherm a t  45’ and a second shallow endotherm 
a t  -78’. All three of these alkanols exhibit a major melting endotherm 
a t  151O. All yield the same thermogram tracing after cooling and re- 
melting, characteristic of the anhydrous form. 


The thermograms for butanol-, pentanol-, hexanol-, and heptanol- 
equilibrated crystals exhibit differences in the magnitude and placement 
of the minor endotherm but all also melt essentially a t  150’. In these 
solvates, there is no return to the anhydrous form based on thermogram 
retracings. For octanol, nonanol, and decanol, the entire thermogram 
shape is changed; in each case, the major endotherm is found below 70’ 
or a t  65,63, and 50°, respectively. In each case, there also is a peculiarly 
shaped endotherm above 100’. The change in melting behavior seen a t  
octanol and above corresponds with changes in solubility patterns seen 
in the solubility profile above C7. 


Just as in the case of the ethyl carboxylates (counting all carbons), there 
is a maximum in the alkanol solubility a t  C7. The alcohols also provide 
a hydroxyl for intermolecular bonding with the cholesterol hydroxyl and, 
as seen in the previous analysis, this feature seems to be important in 
inducing solubilization. Thus, it appears that  the larger cholesterol 
solubilities in the intermediate chain length alkanols can be attributed 
to the proper polarity, the presence of a free hydroxyl, and modifications 
in the crystal form in equilibrium with the saturated phase. From the data 
in Fig. 3, the ideal polarity appears to be slightly less than that of hep- 
tanol; a solubility maximum exists in binary mixtures of hexanol and 


heptanol. If the data are examined carefully, however, the fractional chain 
length solubilities are, without exception, larger than the average of the 
bracketing pure solvents, and this is probably attributable to mixed 
crystalline forms. 


The study presented here, when considered in its entirety, suggests 
a general caution to investigators dealing with solubility analysis. Solu- 
bility data are often collected and analyzed with the assumption of solid 
phase stability. These experiences with cholesterol indicate that the solid 
phase for some compounds may be remarkably sensitive to the solvents 
used. Such effects were observed previously (18) for corticosteroids. Thus, 
before one Can quantitatively analyze solubility data, the solid phase 
properties must be examined and shown to be invariant with the solvent 
system used. Otherwise, both crystalline energetics and solution phase 
energetics must be simultaneously accounted for. Other compounds with 
solvent-dependent crystalline forms probably will surface if the solid 
phases in equilibrium are examined routinely. 


The ethyl carboxylates and glyceryl esters were studied because of their 
relative safety for use in the T-tube elution of cholesterol gallstones re- 
tained in the common bile duct. The ethyl carboxylates should be ab- 
sorbed poorly due to their limited aqueous solubilities, and their hy- 
drolysis products, ethanol and the respective long chain acids, also should 
be physiologically innocuous in moderate quantities. The glyceryl esters 
were presumed even more suited for this purpose from the toxicity 
standpoint. The solubilities in these solvents ranged from - 5% (w/v) to 
as much as 11% (w/v) for ethyl valerate and glyceryl monooctanoate. The 
latter was the most suitable for gallstone dissolution in view of its cho- 
lesterol-solubilizing capacity and its physiological compatibility. 


The general approach followed with regard to solubility and its impact 
on cholesterol dissolution was based on the assumption that the solution 
rate is proportional to the solubility in the solvent, after due consideration 
to fluid hydrodynamics. Since this is not the case for cholesterol disso- 
lution in bile acid solutions, in which a large rate-controlling interfacial 
barrier is operating (19). i t  seemed necessary to assess whether the pre- 
sumed direct relationship between solubility and dissolution exists for 
organic solvents. Because of its apparent suitability for cholesterol stone 
dissolution in the common duct, a few dissolution experiments were 
performed with glyceryl monooctanoate. Compressed pellets of choles- 
terol monohydrate were used as the model cholesterol gallstone; the 
procedure, detailed in a previous paper (19), is based on dissolution from 
a rotating disk (20). 


The dissolution apparatus was calibrated using benzoic acid, a sub- 
stance known to follow diffusion layer-controlled dissolution kinetics. 
The kinematic viscosity of glyceryl monooctanoate and the diffusivity 
of cholesterol in glyceryl monooctanoate, both necessary for the analysis 
of the rotating disk dissolution experiment, were determined and esti- 
mated, respectively. The viscosity was 50.6 centipoises on a Cannon- 
Fenske-modified Ostwald viscometer. The density was 0.9954 g/cm3, 
thus yielding a kinematic viscosity of 50.8 centistokes. The diffusivity 
was estimated to be 5.6 X cmZ/sec using the Stokes-Einstein equa- 
tion. 


The data fnr the dissolution experiments are shown in Fig. 7, along with 
the experimental benzoic acid curve and the theoretical dissolution curve 
according to Levich (20). The data points for cholesterol dissolution in 
glyceryl monooctanoate a t  150 and 300 rpm fall only slightly below the 
benzoic acid curve, indicating that cholesterol dissolution in this solvent 
is essentially diffusion layer controlled. 


Since similar diffusion-controlled dissolution kinetics have been 
demonstrated for cholesterol monohydrate in a 63% ethanol-water 
mixture (21), it can he assumed that cholesterol dissolution in organic 
media is unlike that observed in micellar bile acid-lecithin media and 
generally will be diffusion layer controlled and predictably dependent 
on the solvent viscosity and the cholesterol solubility in the solvent. Thus, 
it seems reasonable to select solvents for T-tube perfusion of retained 
cholesterol stones on the basis of physiologic compatibility, capacity to 
solubilize cholesterol, and viscosity. Obviously, the greater the solubility 
and the smaller the kinematic viscosity, the faster is the dissolution 
rate. 
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Abstract d,l-Methadone forms a fluorophore when reacted with 
paraformaldehyde in concentrated sulfuric acid. Based on this reaction, 
a fluorescence assay suitable for quantitative d,l-methadone analysis 
from plasma and other tissues was developed. d,l-Methadone was ex- 
tracted a t  pH 9.2 from the deproteinized filtrate of plasma or of aqueous 
tissue homogenate into an organic phase of 25% isobutanol in ethylene 
dichloride. After an aliquot of the organic phase was evaporated t6 dry- 
ness at 50-55’ with an air jet, paraformaldehyde (0.19’0, in concentrated 
sulfuric acid) was added, and fluorescence was read at 450 nm with ex- 
citation a t  275 nm. By this method, d,l-methadone can be assayed in the 
presence of its metabolites, morphine, diacetylmorphine (heroin), co- 
deine, and cocaine; however, amphetamine, meperidine, and quinine 
interfere. 


Keyphrases 0 Methadone-analysis, fluorescence assay, lung, liver, 
brain, serum, rats 0 Narcotic analgesics-methadone, fluorescence assay, 
lung, liver, brain, serum, rats Fluorometry-analysis, methadone in 
lung, liver, brain, serum, rats 


During the past decade, d,l-methadone has been ex- 
tensively used in maintenance and rehabilitation programs 
for chronic diacetylmorphine (heroin) users (I). Most of 
the work on its distribution and metabolic disposition 
(2-4) has involved complex assays requiring labeled 
methadone. Other available methods are not sensitive 
enough to study d,l-methadone distribution following 
therapeutic doses (5-9). Recently, a highly sensitive GLC 
method (10) was reported. 


When d,l- methadone is reacted with paraformaldehyde 
in concentrated sulfuric acid by heating at  looo, a fluoro- 
phore is formed (1 1). The purpose of this paper is to report 
a fluorescence assay based on this observation. This assay 
is applicable for methadone analysis from biological tissues 
in nanogram concentrations. 


EXPERIMENTAL 


Reagents-All reagents were prepared from reagent grade chemi- 
cals. 


Zinc Sulfate Solution, 5% -Fifty grams of ZnS04-7H20 was dissolved 
in glass-distilled water to a final volume of 1000 ml. The solution was 
filtered to remove any turbidity. 


Barium Hydroxide Solution, 4.5%-Forty-five grams of Ba(0H)Z. 
8Hz0 was dissolved in glass-distilled water to a final volume of 1000 ml. 


The solution was filtered to remove any turbidity and stored in tightly 
stoppered bottles. 


Borate Buffer, pH 9.6-Fifty milliters of 0.1 M boric acid in 0.1 M KCl 
was mixed with 36.85 ml of 0.1 M NaOH. 


25% Isobutanol in Ethylene Dichloride-Isobutanol, 250 ml, was 
mixed with 750 ml of ethylene dichloride. 


0.1 76 Paraformaldehyde in Sulfuric Acid-Paraformaldehyde, 25 mg, 
was dissolved in 25 mi of concentrated sulfuric acid. This reagent was 
prepared fresh just prior to use. 


Procedure-Rats were pretreated with d,l-methadone and sacrificed 
by decapitation. Blood and other tissues such as lung, liver, and brain 
were removed. Plasma or serum was separated by centrifugation. Tissue 
samples were frozen over powdered dry ice and stored a t  -20’ until as- 
sayed. 


Just prior to assay, tissues were weighed and homogenized in distilled 
water (1:3). A 2-ml aliquot of the homogenate or 1 ml of serum (or plasma) 
diluted to 2 ml with distilled water was used for the assay. One milliliter 
of zinc sulfate solution was added to each sample, and the contents were 
thoroughly mixed on a vortex mixer before the addition of 1 ml of barium 
hydroxide solution. After thorough mixing, samples were centrifuged a t  
lOOOXg for 6 min’. 


Two-milliliter aliquots of the clear supernate were transferred into 
15-mI glass-stoppered centrifuge tubes, and 0.4 ml of pH 9.6 borate buffer 
was added to give the final pH of 9.2. Six milliliters of 25% isobutanol in 
ethylene dichloride was added, and the tubes were shaken on a recipro- 
cating shaker2 for a minimum of 10 min to facilitate methadone extraction 
into the organic phase. The samples were centrifuged for 6 min a t  lOOOXg, 
and the aqueous layer was removed by aspiration and discarded. 


Three milliliters, or any other suitable aliquot of the organic phase, 
was then transferred to a set of test tubes, and the contents were evapo- 
rated to dryness under an air jet. The air was passed sequentially through 
a column of water and concentrated sulfuric acid. The test tubes were 
kept in a water bath maintained a t  50-55’. Paraformaldehyde reagent, 
0.1 ml, was added to each sample, and the tubes were transferred to a 
hoiling water bath for 15 min. 


After the samples were removed from the bath, 7.1 ml of distilled water 
was added to adjust the normality of the solution to 0.5. The contents 
were mixed and left a t  room temperature. Thirty minutes later, the flu- 
orescence was read on a spectrophotofluorometer3 with the emission 
monochromator rotary slit a t  5, the excitation wavelength a t  275 nm, and 
the emission wavelength a t  450 nm (uncorrected). Tissue blanks, using 
tissues of untreated animals, and a set of standards were run simulta- 
neously with each set of unknowns. 


Model UV, International Equipment Co. 


Model SPF, American Instrument Co. 
* Eberbach model S1103. 
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Abstract A novel computerized automated system is described which 
conforms to the basic requirements set forth in the compendia for testing 
the dissolution characteristics of solid dosage forms. This modular system 
can test 12 tablets simultaneously. It can maintain sink conditions at  all 
times and can handle any chemistry amenable to an automatic analyzer. 
Dissolution, sampling, chemistry, and readout are all accomplished si- 
multaneously, reducing the complete test time for 12 tablets to the dis- 
solution time itself. 


Keyphrases Dissolution testing systems-automated programmable 
12-tablet system Automated testing-dissolution testing system, au- 
tomated, programmable, 12 tablet 


In recent years, investigation of dissolution rates of solid 
dosage forms has become of prime importance to the 
pharmaceutical industry, due in part to the commitment 
by the Food and Drug Administration (FDA) to assure the 
bioavailability of active drugs from their various dosage 
forms. In a few cases, the FDA has already shown a corre- 
lation between in uitro dissolution results and in uiuo 
bioavailability. 


Dissolution testing can serve also as an important cri- 
terion of the effects of different constituents in drug for- 
mulations. In manufacturing, it can be useful for deter- 
mining uniformity within and between different produc- 
tion batches. The USP considers this latter use to be so 
important that its 1980 revision will require a dissolution 
test for all tablet and capsule dosage forms. Guidelines for 
establishing dissolution requirements for oral solid dosage 
forms have been established already and are available from 
the USP. 


BACKGROUND 


Due to the increased testing workload that will result from this new 
USP requirement, many pharmaceutical companies have begun auto- 
mating dissolution testing. Multiple automated dissolution testing ap- 
paratus have also been developed (1-3) and were reviewed critically in 
a previous paper (4), which pointed out that none of them met the re- 
quirements of a truly versatile, completely automated multiple dissolu- 
tion testing system. The ADS-6 (4) (computerized six-tablet automatic 
dissolution testing system), which was developed in this laboratory in 
1972, incorporates the USP-recommended dissolution apparatus (either 
the basket or paddle) and can test six tablets simultaneously. Unlike other 
systems, it is completely automated from tablet introduction to final 
readout of the raw data on punched paper tape. In addition, this system 


maintains sink conditions’ a t  all times and performs any type of chem- 
istry amenable to the automated analyzer. The raw data are computer 
analyzed in minutes, and final results are presented as a complete tabular 
report, a graphical dissolution profile, or both. 


The ADS-12 has all of the features of the ADS-6, but it can test 12 
tablets from one lot simultaneously, which is important in view of the 
latest USP requirement, or two different lots of six tablets each. 


EXPERIMENTAL 


Description of ADS-12-The ADS-12 is modular with seven func- 
tional components (Fig. 1). 


Dual Six-Spindle Dissolution- Water Bath Assemblies2 (a)-These 
assemblies contain the sample tablets in wire mesh baskets immersed 
in the dissolution flasks (USP Method I) or directly in the dissolution 
flasks (USP Method 11). Basket rotation speeds are variable from 25 to 
250 rpm. The bath temperature is maintained a t  37”. 


12-Channel Peristaltic Pump3 (b)-The peristaltic pump has a 
pumping range of 0-50 ml/min. Each channel services a single dissolution 
kettle in the bath assembly. Silicone tubing is used to circulate liquid from 
the kettle continuously past the solenoid sampling valve assembly and 
to return it to the original kettle. In effect, a continuous sampling loop 
is formed. 


If “induced” sink conditions are necessary due to very low solubility 
of the drug in the solvent used, then a second 12-channel pump is incor- 
porated into the system. In this case, one pump continuously removes 
solution from the dissolution kettles at  the proper rate while the second 
pump pumps fresh solvent back into the dissolution kettles a t  the same 
rate, thereby maintaining constant volume and sink conditions in the 
kettles. 


Solenoid Sampling Value Assembly4 (c)-The valve assembly consists 
of 16 solenoid valves arranged in four blocks of four valves each. Three 
of the four valves per valve block are used in sampling the liquid from the 
dissolution kettles; the fourth valve is used for inserting an air segment 
between each liquid sample. The solenoid valves are of a single-channel 
design whereby the liquid sample passes from the sample loop uia the 
T-connections, flows through the valve block into a five-pronged cross 
fitting, and finally flows to the sample pump tube of the automated 
chemistry system. The solenoid valves are operated automatically by an 
electrical signal put out by the system controller. 


Figure 2 is a schematic view of two of the four solenoid valve blocks, 
showing the T-connections and the electrical hookup of the solenoid 
valves to the terminal bar. The solenoid valves are connected uia this 
terminal bar to a circuit-indicating light box, which presents a visual 


1 Defined as never allowing the drug concentration in the dissolution flask to 


* Model QC-72R. Hanson Research Corp., Northridge, Calif. 
3 Model 7555-20 standard Ultramasterflex drive system, Cole-Parmer Co., 


4 Catalog No. 18-4, General Valve Corp.. East Hanover, N.J. 


exceed 10-2070 of saturation. 
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Figure 1-Schematic diagram of ADS-12 system. Key: a, dissolutionlwater bath assemblies; b, 12-channel peristaltic pump; c, solenoid valve block 
assembly; d, proportioning pumplautonated chemistry; e, double-beam UV-visible spectrophotometer; f, dwl-pen recorder; g ,  controller; h, function 
indicating light box; andi,. teletype. 


indication of what functions are being engaged at any time, e.g., recorder 
pen activation or solenoid valve activation. 


The center port of the five-port cross to which the four solenoid valve 
hanks are attached leads to a three-way stopcock mounted on the module 
cover. A second port of the three-way stopcock is connected to a solvent 
container, and the third port is connected to the automatic chemistry 
platter. Thus, the automatic chemistry platter may be rapidly flushed 
with solvent by properly positioning this stopcock. 


Automated Chemistry Platter (d)-The automated chemistry is 
performed using a continuous flow proportioning pump6 with an ap- 
propriate chemistry platter, the liquid sample being pumped through 
the single flowcell of the UV-visible spectrophotometer. 


SpectrophotometerG (e)-The double-beamed instrument has a dif- 
fraction grating monochromator with a wavelength range of 200-900 nm. 
It has twin high-precision quartz flowcells with built-in debubblers and 
identical optical characteristics for accurate, simultaneous blanking. The 
path length of the flowcells is 15 mm, and the volume is 45 pl. 


Dual-Pen Recorder7 (f)-Any dual-pen recorder that has 100-mv 
full-scale deflection may be used. The recorder is connected to the au- 
tomatic system controller, and each pen provides a bar graph for each 
of six samples so that a full recorder run has 12 sample bars shown for 
each sampling period. Thus, pen 1 shows the dissolution profile for the 
six tablets for lot 1, and pen 2 does the same for lot 2. Usually, different 
colored pens are used for the two lots. A typical recorder chart showing 
standards and sample bar graphs is shown in Fig. 3. 


Digital Data Acquisition and Controller &)-The data acquisition 


6 Technicon Corp., Tarrytown, N.Y. 
Catalog No. 00-951000-00 Varichrom detector, Varian Instrument Corp., 


Model 412, Pharmacia Fine Chemicals, Piscataway, N.J. 
Florham Pqrk, N.J. 


and control system (DDAC) consists of a modified digital integrator 
(MDI) (system controller)s and teletypewriterD. The MDI receives the 
electrical analog absorbance signal from the spectrophotometer and 
converts it to digital form for input to the teletype while retaining the 
analog form for the recorder. The system controller receives its instruc- 
tions from a continuous preprogrammed punched Mylar tape put into 
the teletype tape reader. 


The “master program tape” contains the complete set of instructions 
for the dissolution test. This tape gives specific instructions to the MDI 
which, in turn, controls the entire system. The tape is made manually 
using the teletype tape punch and Mylar “paper” for strength and du- 
rability. Each linear series of perforations in the tape constitutes a 
seven-digit numerical command which regulates the operation of a single 
function or a group of functions and the operation time sequence. 


During the dissolution test, the coded program tape, in conjunction 
with the MDI, controls the proper sequential implementation of the 
following system operations: sample and air solenoid valve sequence, time 
from zero for valve operation, digitization of sample peak absorbance, 
pen activation (either 1 or 2), recorder run (length of time recorder chart 
will run), sample number advance (SNA), sample number reset (SNR), 
and time reset. Thus, complete system control versatility is provided with 
respect to tablet number, sampling interval, recorder dissolution profile 
depiction, etc., depending on the manner in which the system operations 
are preprogrammed onto the master control tape. 


The teletypewriter gives absorbance data in digital form both on a 
printout and on punched paper tape. The punched tape is used for cal- 
culating the dissolution profile of the product via a timeshare computer 
program. 


8 Modified model CSI-208, Columbia Scientific Industries, Austin, l’ex. 
Model ASR-33. 
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To Automatic 
Chemistry Platter I 


Table I-Dissolution Data for 250-mg Erythromycin Stearate 
Tablets in 0.1 N HCl 


CSI-208 To Dissolution Flask 
Figure %-Value blocks and terminal bar legend. Key: a, five-prong 
cross fitting; b, value block 1; and c, terminal bar. 


The raw data obtained on the teletype printout and on punched paper 
tape appear as a single column of absorbance data repetitively numbered 
from 1 to 12 to correspond to each tablet. Each tablet solution passes 
through the spectrophotometer sample flowcell for 22 sec and is separated 
from the next tablet solution by an 8-sec air segment. Thus, each of the 
12 tablet solutions is sampled for 22 sec a t  6-min intervals. The steady- 
state absorbance of each tablet solution is averaged over a 5-sec interval 
and digitized. 


Operation-Modified Digital Integrator (MDf)--The following 
controls and/or indicator lights on the MDI are not required and have 
been rendered inoperative in the ADS-12 dissolution testing system: 
track rate/UV-minimum, minimum peak width-seconds, maximum peak 
width-seconds, peak sensor gain, and positive/negative slope light. 


The following controls on the MDI are preset as follows: (a)  mark- 
“off”; (b)  recorder-“linear”; and (c)  recorder attenuator-“1” (when 
using a 100-mv full-scale recorder). 


The recorder attenuator may be changed if the absorbance peak of the 
sample goes off scale. Increased attenuation brings the visual recorder 


Percent Dissolved (Basis Label) - .  - -  
Lot A Lot n 


Minutes ADS-12 Manual ADS-12 Manual 


18 47 33 
24 65 56 
30 82 89 83 85 
36 88 93 
42 90 94 
45 97 93 
48 91 95 
54 91 ~~ ~~ 


60 92 99 96 
66 92 


bar graph into the full-scale range but does not affect the numerical 
printout of the teletypewriter. For example, if the spectrophotometer 
reading is 1500 counts on the MDI and the recorder attenuator is set at 
2, then the recorder pen would show a deflection of 750 divisions on the 
chart but the teletypewriter would print 1500 counts on the data 
printout. 


When the recorder pen zero is to be set, the MDI attenuator is changed 
to infinity. The zero is then set by using the appropriate pen control on 
the dual-pen recorder. 


The following operational controls are functional and are used rou- 
tinely: 


1. Power switch. This switch, located on the rear panel, is normally 
left on constantly so that the MDI is warm, stable, and ready for use. 


2. “Reset” button. When the Reset button is lit, it indicates that the 
MDI is in the standby mode. This button should be depressed whenever 
the MDI is not in use. 


3. “Manual” button. The Manual button is depressed at  the beginning 
of a test run. This step activates the teletypewriter, control tape reader, 
all electronic circuits, and the program. However, automatic data digi- 
tization commands contained in the program tape remain inoperative 
until the number of seconds entered in the time delay control are ex- 
ceeded. 


Thus, the first several digitize commands are inhibited during the first 
circuit of the control tape to allow Sample 1 to move from the soknoid 
valve to the flowcell before its absorbance is digitized on the teletype- 
writer printout and data tape. 


4. “Auto” button. Hitting the Auto button allows all functions to 
perform. This is the normal operational mode and may be entered 
manually by pushing the Auto button or automatically by expiration of 
the time (in seconds) entered in the time delay window by the thumb- 
wheel switches. 


5. “Time delay” thumbwheel switches. These switches are used to  set 
the time delay before which no data digitization will occur. For example, 
if a time delay of 200 sec is entered, the MDI would wait 200 sec before 
a command would be given to the teletypewriter to print anything. During 
this 200 sec, there could be up to six or seven digitized commands written 
in the program, but they would not be carried through until the time delay 
sequence had been completed. The time delay sequence is necessary 


S A M R E S W  TABLETS) 


I TANDARDS 
I S  


p 1201 rl > 
100 


80 
D g 60 


40 


20 
a 


0 6 12 18 24 30 36 42 48 54 60 66 72 
DISSOLUTION TIME, min 


Figure 3-Typical recorder chart for benzylpenicillin potassium tablets. 
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Table 11-Collaborative Study Data for 50-mg Prednisone Tablets a 


Variance 
Speed, 
rom Minutes f 


. ~ _ _  
Acceptance Limits ADS-12 


X f U Laboratories Laboratories ADS-12 Range U 
- Between Within 


50 15 22.0 
30 34.8 
45 43.0 
60 48.9 


100 15 45.8 
30 64.1 
45 74.0 
60 80.0 


41.06 
44.74 


Rotating Basket (USP Method I) 
6.4 18.3 3.3 ::::4“ :::: 2 1.4-48.5 21.1-48.5 6.7 37.2 3.4 


8.9-35.1 10.633.7 


48.25 10.49 6.19 28.6-57.5 28.9-57.1 6.4 46.2 2.5 
52.55 12.61 5.56 33.7-63.9 34.1-63.7 7.0 53.4 2.4 ~~. 


52.46 
6 1.94 
59.98 


14.56 2.85 33.7-56.7 31.0-60.6 7.5 39.9 1.3 
14.10 5.51 50.5-76.3 48.0-80.1 7.4 60.1 5.1 
14.54 7.83 59.2-85.6 58.2-89.8 7.5 70.2 7.3 


51.01 14.64 7.98 65.5-89.2 65.4-94.7 7.5 75.7 8.5 
Rotating Paddle (USP Method 11) 


50 15 44.0 34.61 30.3-57.2 31.6-56.4 9.2 38.7 3.1 


45 73.1 31.97 23.54 12.53 56.0-83.6 61.1-85.1 9.6 70.8 3.5 
60 79.8 25.09 25.63 14.98 64.2-86.4 69.0-90.7 10.0 77.4 3.9 


100 15 57.7 20.80 4.77 2.03 48.1-66.1 48.4-67.0 4.3 48.1 1.4 


30 62.3 35.73 E2l ::: 46.3-75.7 49.7-74.8 9.3 58.8 1.0 


30 74.6 14.61 
45 83.6 11.06 
60 87.9 10.23 


3.00 2.77 67.6-81.2 66.8-82.4 3.4 67.6 1.7 
1.74 1.11 78.9-89.6 76.8-90.2 2.6 79.8 1.0 
1.48 0.57 82.3-93.6 81.5-94.4 2.4 87.5 0.8 


a This study was conducted by 17 participating laboratories in August 1978. Six tablets were used in all cases. The dissolution medium was distilled water, 900 ml. 
Measurement was at 242 nm. 


because it takes a fixed amount of time for Sample 1 to reach the flowcell 
from the sampling valve. This time depends on the particular automated 
chemistry platter being used. During this time, only reagents and solvents 
are passing through the flowcell. Since the program tape is a loop, initial 
digitization commands on the tape are suppressed until the first sample 
has entered the flowcell. Thus, the time delay is set so that Sample 1 is 
the first data point recorded on the teletypewriter. 


6. “Integrate” button. Depressing this button initiates a readout in 
either the Manual or Auto mode. The program command tape initiates 
a readout only in the Auto mode. The readout lamp lights whenever a 
readout is initiated. 


7. “Fast/Zero” button. Pushing the Fast button illuminates the yellow 
Fast light and causes the MDI to track the detector output a t  zero ref- 


erence (baseline). Upon completion of this function, the yellow light goes 
out and the white Zero light blinks slowly. The “Fast/Zero” is used to set 
the integrator zero baseline. Normally, it is set as close to recorder zero 
as possible but may be set to within f10% of actual recorder zero. When 
setting the integrator zero baseline, the Fast/Zero button is depressed 
only once. This button must never be depressed after the dissolution test 
run has begun, because it will cause the integrator to reset its zero baseline 
to whatever level the recorder pen is at that particular time. 


8. “Multiplier factor” thumbwheel switches. These switches are nor- 
mally set at 5000, in which case full scale on the strip chart will read lo00 
counts on the teletype printout. During calibration, this setting may be 
adjusted to any desired full-scale reading. 


Samples-After the appropriate automated chemistry platter has been 


\ I I 
x f - use wooer phasing coil to set time from tdenoid d v e  I & !  1-u Waste t to flow cell to time of 214 second. 


Teletypewriter L1 
CSI Integrator 


Figure 4-Automated chemistry platter for penicillin dissolution testing. Key: ( 1  ), 5 M hydroxylamine hydrochloride brought to pH 7.0 with 
sodium hydroxide-sodium acetate buffer and then diluted 10 to 1 with 20% ethanol; and (2), 200g of ferric ammonium sulfate dissolved in I liter 
of I N H z S 0 4 .  
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AUTWTED DISSOLUTION TEST .000 16.000 30.000 h5.000 60.000 76.000 + . . . . .  + . . . . .  + . . . . . + .  .... + ..... + 
110.000+ PROOUCT: 50oK: CT PENTIDS DATE TESTEO:1/12/77 


CODE: PLATTER C-1 ANALYST: PJC 
LOT m e n :  LOT-1 


S0LVENT:DISTILLEO UATER 
VOLVIIE: 1 0 m .  F-0 UL/nINUTE 
BASKET ROTATION RATE:lOORPU 1-37 0EG.C 


PERCENT DISSOLVED (CORRECTED IU SINK CONDITIONS) 
(BASIS-lABEL) 


T I E  TABLET NUWBER 


WIN) 1 2 3 4 5 6 HIN Iuy AVC 


0 .6 
6 22.9 
12 47.2 
18 63.2 
24 15.3 
30 83.9 
36 92.6 
&2 97.3 
48 101.4 
54 103.9 
60 105.1 
66 106.9 
12 108.4 


DT(50).13.1 
OI(85)-30.8 


.I .8 .6 .l 
22.6 23.3 18.8 20.5 
40.1 50.2 37.9 39.5 
52.9 66.5 52.2 52.1 
62.2 19.2 64.1 62.3 
69.6 88.4 16.5 71.5 
80.0 95.9 85.8 81.1 
86.4 101.9 91.5 89.3 
91.1 106.0 96.1 99.9 
96.5 104.2 99.7 106.1 


100.5 106.0 103.9 110.5 
104.1 106.1 104.3 110.3 
106.3 107.1 105.9 113.9 


16.6 12.0 17.1 11.0 
40.7 21.8 35.5 38.9 


AUTWTED DISSOLUTION TEST 


. 7  .6 .8 .7 
22.3 18.4 23.3 21.7 
45.4 37.9 50.2 43.5 
61.5 52.1 66.5 58.1 
73.4 62.2 79.2 69.5 
82.2 69.6 88.4 78.7 
81.5 80.0 95.9 87.2 
92.9 86.4 101.9 93.2 
98.7 91.7 106.0 99.1 
102.8 96.5 106.7 102.3 
104.7 100.5 110.5 105.1 
104.0 104.0 110.3 106.0 
101.0 105.9 113.9 108.1 


ACROSS wyw 
AVC. E. - 


13.1 14.9 5.1 14.7NInutm 
33.2 34.5 23.8 34.4nInutr. 


- 


PROOUCT:500m; CT PENTIDS 
C0DE:PUTTER C-1 
LOT NU~BER:LM-Z 


DATE TESTED:1/12/77 
ANALYST: FJC 


CONTROL:5C545(2) 


S0LVENT:DISTILLED WATER 
voLVIIE:looowL. F-0 WL/UINUTE 
BASKET ROTATION IUTE:lOORPH 1-37 0EC.C 


PERCENT OISSOLVED(C0RRECTED TO SINK CONDITIONS) 
(BAS I S-UBEL) ..................................................... 


Tim? TABLET NIJUUER - 
WIN) 1 2 3 4  5 6 HIN IvJ( AVG 


0 . 7  .6 .6 .5 .l .l .5 .7 .6 
6 
12 
18 
24 
30 
M 
42 
48 
54 
60 
66 
72 


.. 
24.8 25.6 23.5 24.7 24.0 23.9 23.5 25.6 24.4 
49.9 52.2 50.2 51.4 b4.7 49.2 44.1 52.2 49.6 
61.9 69.6 68.7 69.2 59.1 66.9 59.7 69.6 67.0 
81.6 81.3 80.5 82.1 69.9 17.1 69.9 82.1 78.1 
91.0 89.1 89.0 89.9 71.1 84.5  77.7 91.0 86.9 
94.9 92.8 94.7 95.2 83.9 90.5 83.9 95.2 92.0 


100.0 97.7 101.6 100.3 91.5 95.5 91.5 101.6 97.8 
102.2 99.1 103.7 106.1 96.7 100.3 96.7 106.7 101.5 
104.5 102.5 107.2 108.5 100.0 103.1 100.0 108.5 104.3 
105.8 104.8 107.1 109.3 1W.6 105.7 104.6 109.3 106.2 
106.6 106.9 107.9 115.7 107.4 107.5 106.6 115.7 108.6 
108.8 106.0 109.3 111.1 110.4 110.4 106.0 111.1 109.0 


ACROSS DCW 
AVG. z. 


~ ( 5 0 ) .  12.0 11.5 12.0 11.7 15.1 12.3 12.3 a9 12.=ut*. 
~(85)- 26.3 26.8 27.2 26.2 36.9 30.5 29.0 17.5 ~8*611inuros 


Figure 5-Dissolution test report printouts. 


set in place and the correct wavelength has been set on the spectropho- 
tometer, the general procedure for a run is that a tablet or capsule is 
placed into each of the 12 wire mesh baskets in the respective dissolution 
kettles and rotated at a prescribed revolutions per minute. As the tablet 
dissolves, the dissolution fluid is drawn up continuously through a sin- 
tered-glass filter by the 12-channel peristaltic pump. Each sample is 
circulated past a solenoid sampling valve assembly and back to its re- 
spective dissolution kettle. A continuous sampling loop is thus 
formed. 


At the solenoid sampling valves, a liquid sample is periodically drawn 
off from the loop for analysis in the automated chemistry system. As the 
individual tablet solution samples pass through the spectrophotometer 
flowcell, their absorbances and sample number are printed on the teletype 
and also are recorded on punched paper tape. In addition, the absorb- 
ances are recorded as bar graphs on the dual-pen recorder. The raw data 
tape is then used uia a timesharing computer system to obtain a disso- 
lution test report for each six-tablet lot tested. 


The system is set into automatic operation as follows: 
1. The desired master control tape is placed onto the teletype tape 


reader, and the proper time delay is set using the thumbwheel switch on 
the MDI. 


L ‘ i  


1 
.001 ..... + ..... + ..... + ..... + ..... + 


.000 15.000 30.000 45.000 60.000 75.000 
DISSOLUTION TIME, min 


Figure 6-Computer-drawn dissolution profile curve for 500-mg pen- 
icillin G potassium tablets, lot 1 .  


2. Pure solvent is pumped through the system, while both recorder 
pens are set at Zero and the Zero absorbance reading is set to -5000 on 
the MDI digital readout. 


3 .  The 12 tablet-containing baskets are positioned on their spindles 
over their respective dissolution flasks, and rotation is begun. 


4. At time zero, a stopwatch is started and the first basket is lowered 
into its dissolution flask. The remaining 11 baskets are individually 
lowered at consecutive 30-sec intervals. 


6. At x10 sec from time zero, the “On” switch for the master control 
program tape is pressed to start the automatic operation of the system; 
the “On” switch for the sample data tape punch is pressed 20 sec later. 
The system will now run automatically until i t  is shut off a t  the end of 
the run. 


Standards-Standards may be run either before or after the samples. 
The procedure for running the standards is similar to that for the samples. 
Normally, six standard concentration levels are run, representing 20,40, 
60, 80, 100, and 120% of the labeled amount of drug in the dosage 
form. 


The glass tubes containing the standard solutions are placed into the 
water bath prior to the run and maintained at 37”. The peristaltic pump 
is then turned on, and each of the six standard solutions is circulated 
continuously past its respective solenoid valve. During the time it takes 
to ensure homogeneous concentrations of each standard level in the lines, 
pure solvent is pumped through the system to obtain a baseline. The 
appropriate control tape is then inserted onto the teletype tape reader, 
and the proper time delay is set by the thumbwheel switch. The standard 
run is then begun by depressing the Auto switch on the MDI. 


The data analysis computer program will accept and average standard 
data in either of two formats: (a )  each standard level run once with several 
absorbance readings digitized for each level, or ( b )  several circuits of 
Standards 1-6 with the absorbance readings of each level digitized only 
once per circuit. 


Data Handling-Data handling is automatically accomplished by 
feeding the data tape into a timeshare computer system, and all calcu- 
lations are done uia software developed in this laboratory. The standard 
data are fit t o  six possible equations, and the equation that best fits the 
data is chosen by the computer for further calculations on the sample 
data. The percent dissolved is then calculated for each tablet a t  6-min 
intervals up to complete dissolution. In addition, the high, low, and av- 


10 The x is the time required for the sample solutions to be pumped from the 
dissolution kettles to the solenoid valves, and it depends on the peristaltic pump 
rate. Since the length of the tubing from each kettle to the solenoid valves is the 
same, x is also the same for each sample solution. 
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Table 111-Collaborative Study Data for 300-mg Salicylic Acid Tablets 


Variance 
ADS-12 - Between Within Acceptance Limits 


rDm Minutes X Laboratories Laboratories ADS-12 Range f U X U 
- Speed, 


Rotating Basket (USP Method I) 
50 15 8.3 1.18 0.59 0.08 5.8-10.5 6.0-10.6 1.5 5.8 0.4 


30 16.2 1.80 1.48 0.08 13.6-18.8 2.4 13.9 0.5 
45 24.0 3.05 2.06 0.24 20.7-27.1 20.3-27.7 2.8 21.8 0.7 
60 31.6 4.20 3.33 0.33 27.2-34.9 27.2-35.9 3.6 29.3 1.1 


1 0 0  1.5 13.4 2.34 1.30 0.25 8.4-15.4 10.2-16.6 2.2 11.1 0.6 


13.3-19.0 


_ _  . . - _. _-- -- 
30 26.1 3.37 2.94 1.64 21.0-29.1 22.1-30.0 3.4 24.7 1.3 
45 37.8 3.89 7.33 3.72 33.0-40.8 33.3-42.3 5.3 36.5 1.8 
60 49.2 4.25 12.40 5.87 44.2-52.8 44.1-54.2 6.9 46.7 1.6 


Rotating Paddle (USP Method 111 
50 15 9.9 0.99 1.35 8.3-11.6 7.7-12.1 2.3 9.1 0.9 


30 19.1 2.95 3.44 2: 16.5-22.2 15.4-22.9 3.7 20.3 1.4 
45 28.1 6.42 6.98 4.27 24.5-32.8 22.6-33.6 5.2 30.6 2.1 
60 36.5 12.20 11.30 5.85 31.3-43.0 29.0-44.0 6.6 40.4 2.7 


~ ~ ~~ 


'This study was conducted by 17 participating laboratories in August 1978. Six tablets were used in all cases. The dissolution medium was 0.05 M phosphate buffer, 
pH 7.40.900 ml. Measurement was at 296 nm. 


erage results of the 12 tablets (or six tablets from each lot) are calculated 
for each time interval. If necessary, the results are corrected for dilution 
at  this point based on a literature method (4.5). 


RESULTS AND DISCUSSION 


A typical dissolution test run on a penicillin tablet formulation is shown 
in Figs. 3-7. The dissolution rate was followed uia the hydroxamic acid 
method (6) whereby the @-lactam ring of the penicillin is split by reaction 
with hydroxylamine, forming a hydroxamic acid (I). 


The addition of ferric ion to the hydroxamic acid solution produces 
a colored chelate (Scheme I), which is measured at  480 nm (7). This re- 
action has been automated for routine penicillin assays and dissolution 
testing uia the automated chemistry platter shown in Fig. 4. Several other 
penicillin tablet and capsule formulations are also run uia the same au- 
tomated chemistry system. 


The raw data are also obtained on punched paper tape for calculation 
uia a timeshare computer system. After the paper tape data have been 
input, a brief dialog ensues with the computer during which both de- 
scriptive parameters and those required for calculations are input. The 
computer then fits the standard data to six possible equations, chooses 


.OOO 16.000 30.000 45.000 60.000 75.000 + . . .  . .+ .... .+. ... .+. .... +.. ...+ 
1 10.000 + 


L * I  
2 y u1 
0 
K g 22.000; ' /  


.001 ;o + ..... + ..... + ..... + ..... + ...*.. + 
D O 0  15.000 30.000 46.000 60.000 75.000 


DISSOLUTION TIME, min 


Figure 7-Computer-drawn dissolution profile curue for 500-mgpen- 
icillin G potassium tablets, lot 2. 
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the equation that best fits the standard data, prints out the index of de- 
termination and coefficients, and finally prints out the standard 
curve. 


The percent dissolved is then calculated for each tablet a t  each sam- 
pling interval using the chosen equation for the standard data, and dis- 
solution profile reports are printed out for each lot. In addition, the time 
required for a designated amount of sample to dissolve (50 and 85% were 
chosen for penicillin G potassium) is printed for each tablet below the 
dissolution test report (Fig. 5). 


If requested during the input dialog, profile curves for each lot are also 
printed out as shown in Figs. 6 and 7. The numerical points on the curves 
indicate the lot being graphed. 


Table I compares the results of a dissolution test for an erythromycin 
stearate tablet formulation run both on the ADS-12 and manually. This 
test involved acid hydrolysis of the drug with absorbance measurement 
a t  482 nm. The dissolution medium was 0.1 N HCI. The ADS-12 data are 
the average of six tablets, while the manual data are the average of three 
tablets. 


This ADS-12 automated system was used in a collaborative study1* 
of dissolution calibration, which involved 17 different pharmaceutical 
laboratories using both manual and automated test methods. Some data 
from this study for 300-mg salicylic acid tablets and 50-mg prednisone 
tablets are given in Tables I1 and I11 to show the precision and accuracy 
of the ADS-12 system. Both USP Method I (rotating basket) and Method 
I1 (rotating paddle) were used six tablets were used in all cases. Details 
of this study will be published. As can be seen from these tables, the 
ADS-12 results were within the Pharmaceutical Manufacturers Associ- 
ation recommended acceptance limits for both calibrators, with standard 
deviations well below the listed acceptable values. Furthermore, the 


11 Initiated by the Pharmaceutical Manufacturers Association. 
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within-laboratory variance for the ADS-12 data was significantly lower 
than the average for the 17 participating laboratories. 


CONCLUSION 
The described computerized automated dissolution testing system 


conforms to the basic requirements of the USP dissolution test. The 
system, which can be adapted to almost any type of tablet agitation 
technique, can test 12 solid dosage forms simultaneously under either 
sink or nonsink conditions and can test products requiring any type of 
chemistry amenable to an automatic analyzer. Total run time is reduced 
essentially to sample dissolution time since sampling and analysis are 
performed simultaneously with sample dissolution. A complete disso- 
lution profile report, with or without graphs, is obtained within minutes 
after the required sample dissolution time. 
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Use of Rabbits for GI Drug Absorption Studies: 
Relationship between Dissolution Rate and 
Bioavailability of Griseofulvin Tablets 
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Abstract The correlation between the dissolution rate and bioavail- 
ability of griseofulvin tablets was studied in stomach-emptying-controlled 
rabbits and in humans. Three different test tablets, each consisting of 
two dose levels (62.5 or 125 mg) of griseofulvin, were used. The dissolution 
rates in 0.5 hr were -75,40, and 12%. With oral administration at  62.5 
mghabbit, the ratio of peak plasma level, C,,,, was 1.00:0.660.40 and 
that of the area under the curve (AUC) was 1.00:0.730.46 for the three 
tablets. The corresponding CL- ratio was 1.00:0.740.34 and the AUC 
ratio was 1.000.720.33 in humans at the dose level of 500 mg. A good 
correlation was observed for the rank order of C,, and AUC between 
rabbits and humans, but such a correlation was not seen between in uiuo 
data and in uitro data at a larger dose of 125 mghabbit. This finding was 
attributable to the dose, which exceeded the GI drug dissolution or ab- 
sorption capacities. These results suggest that the stomach-emptying- 
controlled rabbit is useful for evaluating oral dosage forms for human use 
and that dose level selection is important in the bioavailability study of 
a barely water-soluble drug. 


Keyphrases 0 Models, animals-rabbits, use in GI drug absorption 
studies, griseofulvin tablet dissolution rate and bioavailability, compared 
to humans 0 Griseofulvin-dissolution rate and bioavailability, rabbits 
compared to humans 0 GI t r a c t d r u g  absorption, griseofulvin, rabbits 
compared to humans Antifungal agents-griseofulvin, diesolution rate 
and bioavailability, rabbits compared to humans 


Use of human subjects in bioavailability studies for 
dosage forms provides the most appropriate results; but 
in new drug development and preformulation studies, such 
use presents economic, ethical, analytical, and statistical 
difficulties. 


The availability of adequate animal models has been 
desired for estimating the bioavailability of dosage forms 
in humans. The beagle dog has been used as a model ani- 
mal in some studies (1-3). Although rabbits are easy to 
breed, have a mild temper, and are a low-cost laboratory 
animal, they have not been considered useful for drug 
absorption studies because of the difficulty in obtaining 
an empty stomach (4). However, control of the stomach 
emptying rate increased the usefulness of rabbits in GI 


drug absorption studies and produced a good correlation 
in GI drug absorption between rabbits and humans (5). 
Since the earlier work was performed on powdered drugs 
using griseofulvin, indomethacin, and nalidixic acid, fur- 
ther investigation on oral dosage forms was desired. This 
paper describes the usefulness of rabbits in dosage form 
bioavailability studies. 


While the dissolution test has been widely used as an in 
uitro test for solid dosage forms, efforts have been made 
to obtain good correlations between in uitro data and in 
uiuo data (6-8). In this study, three groups of griseofulvin 
tablets were prepared using three grades of polyvinyl al- 
cohol as binders for granulation so that the dissolution rate 
of each group was different. With these tablets, bioavail- 
ability tests were performed in stomach-emptying-con- 
trolled rabbits, and the correlation between in uitro dis- 
solution tendency and in uiuo absorption characteristics 
was examined. Bioavailability studies were also conducted 
in humans, and the suitability of the stomach-emptying- 
controlled rabbit as an animal model for dosage form 
evaluation was reviewed. 


EXPERIMENTAL 


Materials-Griseofulvin USP was micronized to <5 pm using a fluid 
energy mill. The granule was prepared by the conventional wet granu- 
lation method. The granule contained, by weight, 83.3 parts of micronized 
griseofulvin, 6.7 parts of calcium carboxymethylcellulose JP, 8.0 parts 
of lactose USP, and 1.5 parts of polyvinyl alcohol as the binder. 


To control drug release from the tablet, three grades of polyvinyl al- 
cohol’, prepared by partial or full saponification of polyvinyl acetate, were 
used as the binders for granulation: grade L for Formula L, grade H for 
Formula N, and grades M and H (21) for Formula M (Table I). After 99.5 
parta of the granules was mixed with 0.5 part of magnesium stearate USP 


1 Gohsenol, Nippon Gohsei Kagaku Kogyo Co., Tokyo, Japan. 
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Stability-Indicating Assay of Acetaminophen in an 
Effervescent Tablet by Ion-Pair High-Performance 
Liquid Chromatography 
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Abstract 0 A stability-indicating analytical method is described for 
determining acetaminophen and its degradation product, p -minophenol, 
in an effervescent tablet. Tablets assayed by ion-pair high-performance 
reversed-phase liquid partition chromatography required no sample 
cleanup. The method applied to tablets containing 325 mg of acetami- 
nophen yielded an average recovery of 99.6% with a relative standard 
deviation of 0.70% (n = 10). As little as 0.005%p-aminophenol could be 
detected. 


Keyphrases 0 Acetaminophen-analysis, ion-pair high-performance 
liquid chromatography, effervescent tablets, with p-aminophenol, sta- 
bility indicating 0 p-Aminophenol-analysis, ion-pair high-performance 
liquid chromatography, effervescent tablets, with acetaminophen, sta- 
bility Analgesics-acetaminophen, ion-pair high-performance liquid 
chromatographic analysis, effervescent tablets, with p-aminophenol, 
stability 0 High-performance Iiquid chromatography-analysis, acet- 
aminophen, p-aminophenol, effervescent tablets 


Acetaminophen is used extensively in nonprescription 
analgesic preparations. The current USP assay (1) for 
acetaminophen and its degradation procluct, p-amino- 
phenol, in tablets, while selective and sensitive, is time 
consuming and tedious. Additionally, the novel matrix of 
an effervescent tablet presents interferences not commonly 
encountered in the assay for p-aminophenol, rendering it 
nonapplicable as a stability-indicating assay. Other rapid 
methods for acetaminophen involve either the formation 
of 0-heptyl-N-methyl derivatives followed by GLC (2) or 


Table I-Recovery Percentage for Spiked Samples 
Containing 325 mg of Acetaminophen 


Sample Recovery of Acetaminophen, % 


1 
2 
3 
4 
5 
6 
7 
8 


Average 
RSD. % 


102.6 
102.4 
100.9 
99.9 


100.1 
99.7 


iOi.6 
99.3 


100.8 
1.28 


Table 11-Assay Results for Effervescent Tablets Containing 
325 mg of Acetaminophen 


Sample Acetaminophen Found, mg Percent of Label 


A 
B 
C 
D 
E 
F 
G 
H 
I 
J 


Average 
RSD. % 


322.7 
323.4 
322.1 
322.7 
322.4 
328.0 
326.7 
322.7 
321.4 
326.0 
323.8 


0.70 


99.3 
99.5 
99.1 
99.5 
99.2 


100.9 
100.5 
99.5 
98.9 


100.3 
99.6 
0.70 


1 


- 
0 1 2 3 4 5  


MIN 
Figure 1-Representative chro- 
matograms. Key: I, acetamino- 
phen; and 2, tablet excipient. 


It I 
O i i i  


M l N  
Figure 2-Separation of mixture 
containing acetaminophen and 
p-aminophenol. Key: 1, p-amino- 
phenol; and 2, acetaminophen. 


hydrolysis to p-aminophenol, followed by oxidation to 
p -quinonechlorimide and reaction with phenol to form 
indophenol, which is-then determined colorimetrically (3). 
These methods assay the total drug content and are not 
suitable for simple one-step differentiation between intact 
acetaminophen and its degradation products. Other 


002295491 791 1100- 1465$01.0010 
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chromatographic methods for intact acetaminophen and 
p-aminophenol are too lengthy for large numbers of sam- 
ples (4,5) or require unusual apparatus for measuring trace 
amounts of p-aminophenol(6). 


To overcome these problems, ion-pair high-pressure 
partition liquid chromatography was investigated. This 
method was simple, rapid, precise, and selective for de- 
termining the acetaminophen concentration in an effer- 
vescent tablet matrix while providing a measurement of 
the p-aminophenol present. 


EXPERIMENTAL 


Chemicals and Reagents-Acetaminophen USP’ was assayed 
spectrophotometrically by comparison to the USP reference standard 
and was used without further purificationi p-Aminophenol’ (98+%), 
acetonitrile2 (UV, distilled in glass), and tetrabutylammonium phosphate 
solution3 were used as received. 


Apparatus-The liquid chromatograph4 was fitted with a septumless 
injector5, a fixed-wavelength UV detectore (254 nm), and a strip-chart 
recorder. 


Column-A 30-cm X 4-mm i.d. column containing 10-pm phenyl 
bonded phase packing7 was used. 


Chromatographic Conditions-The chromatographic solvent was 
0.005 M tetrabutylammonium phosphate in distilled water containing 
15% (v/v) acetonitrile, adjusted to pH 7.5 with phosphoric acid or sodium 
hydroxide. The solvent was vacuum filtered through a 0.45-pm filters and 
vacuum degassed for 2 min with stirring before use. The temperature was 
ambient, the solvent flow rate was 3.0 ml/min, and the inlet pressure was 
2000 psig. Sensitivities used were 0.2 aufs for acetaminophen and 0.005 
aufs for p-aminophenol. 


Standard Solutions-Standard solutions containing 1.0,1.4,1.8, and 
3.0 mg of acetaminophen/100 ml were prepared in distilled water con- 
taining 15% (v/v) acetonitrile and filtered as described prior to injec- 
tion. 


Assay for Pharmaceuticals-Each tablet containing 325 mg of 
acetaminophen was dissolved in 100.0 ml of distilled water containing 
15% (v/v) acetonitrile. One milliliter of this solution was pipetted into 


1 Mallinckrodt Chemical Co. 
Burdick & Jackson Laboratories. 


3 PIC reagent A, Waters Associates. 
4 Model 6000A pum 
6 Valco model CV-6-~HPa-NGO,700O-psig sample injection valve equipped with 


a 10-pl sampling loop. 
6 Model 440, Waters Associates. 
7 pBondapak Phenyl, Waters Associates. 
8 HA filters, Millipore Corp. 


Waters Associates. 


a 200-ml volumetric flask, diluted to volume with the same solvent, and 
filtered as described before injection. 


Spiked Samples-Accurately weighed quantities of acetaminophen 
were admixed with a placebo granulation of the effervescent tablet. These 
mixes, formulated to contain 325 mg/tahlet weight (the same percentage 
of acetaminophen as found in the tablets), were assayed as described. 


Quantitation-Since peak heights of acetaminophen were directly 
proportional to concentration, all results were calculated using peak 
heights. 


RESULTS AND DISCUSSION 
The recovery data for acetaminophen from spiked samplea presented 


in Table I illustrate the validity of the method for effervescent tablets. 
Average recovery for spiked samples was 100.8%. Linearity between peak 
height and concentration was excellent over the range of 1.0-3.0 mg of 
acetaminophen/100 ml and had a correlation coefficient of 0.9998. This 
method has been used routinely in a stability program and found to be 
accurate and precise with a relative standard deviation of 0.70% (R = 10). 
These data are summarized in Table 11. A chromatogram obtained from 
a typical tablet assay is presented in Fig. 1. Since no sample cleanup is 
required, the assay time is only 20 min compared to 3-4 hr by the official 
USP procedure. 


To demonstrate the selectivity of the method for acetaminophen in 
the presence of p-aminophenol, samples of acetaminophen containing 
10, 1, 0.1, and 0.005% p-aminophenol were prepared and assayed. A 
chromatogram of acetaminophen containing 10% p-aminophenol is given 
in Fig. 2. Excellent resolution of p-aminophenol from its parent com- 
pound, an essential requirement for a stability-indicating assay, was 
obtained. Quantification of 0.005% p-aminophenol required the opti- 
mization of assay conditions, namely, maximization of both the acet- 
aminophen sample size and the UV detector sensitivity. Average recovery 
at the 0.005% p-aminophenol level was 96.9% with a standard deviation 
of f4.55 (n = 4). This separation could not be achieved with a reversed- 
phase CIS column using the same chromatographic conditions. Pre- 
sumably, the r-bond to r-bond interaction between the phenyl stationary 
phase and the phenyl backbone of the solute molecules provides the 
necessary selectivity for the separation of acetaminophen and p-ami- 
nophenol. 
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COMMUNICA TIONS 


Mathematical Treatment of Linear 
Mammillary Models Using Inverse 
Laplace Transforms 


Keyphrases 0 Mammillary models, linear-mathematics, inverse La- 
place transforms Laplace transforms-inverse, in mathematical 
treatment of linear mammillary models 0 Mathematics-inverse Laplace 
transforms in linear mammillary models 


To the Editor: 
In discussing linear mammillary models, Benet (1) used 


Laplace transform methods to solve the differential 
equations describing the compartmental exchanges of 
drug. Several investigators (2-5) described this method 
and gave it broader application and understanding relative 
to this type of pharmacokinetic modeling. However, none 
of these authors indicated a mathematical correction in the 
use of the Laplace transform to derive Eqs. 12 and 23 (1). 
In this article, we attempt to identify previous mathe- 
matical oversights and to offer a corrected derivation of 
the equations describing this model. 


Equation 12 (1) :  


a,,] = 
k"(s + E ~ ) ( s  + E 3 ) ( l  - e - b s )  


(Eq. 1 )  


is the Laplace transform for the amount of drug in the 
central compartment, Compartment 1, in a three-com- 
partment model for an intravenous infusion over the time 
interval 0 I t I b. The given equation is correct but, in 
determining the inverse Laplace transform of us, 1, the 
numerator k o ( s  + E ~ ( s  + E3)(1 - e - b s )  has been misin- 
terpreted as a polynomial in the variable s and, therefore, 
the General Partial Fraction Theorem has been misap- 
plied. The presence of the factor (1 - e - b s )  destroys the 
polynomial character of the numerator, so neither the 
General Partial Fraction Theorem nor the Heaviside ex- 
pansion immediately pertains (6). 


S ( S  + CU)(s + P)(s + y )  


The following modifications should be made: 


S ( S  + U ) ( S  t B ) ( s  + y )  s(s + u)(s + P ) C S  + y )  
k"(s + E ~ ) ( s  + E3) - ko(s  + E z ) ( s  + E3) e - b s  


a,,]  = 


(Eq. 2 )  


The first term in this difference is the quotient of two 
polynomials, so the Heaviside expansion applies as fol- 
lows: 


k"(s + E ~ ) ( s  t 152) - ko(E2)(E3) 


k"(Ez - - 01) e -^L 
- 4 3  - N ) ( Y  - a )  


L - l  Ids + N ) ( S  + P ) ( S  + ,)I - CUPy 


+ 


To compute the inverse Laplace transform of the second 
term, a shift theorem should be used. Let H ( t  - b )  be a 
function defined by the expression 


(Eq. 4) 


This function is usually called the unit-step function or 


the Heaviside function (7). With H ( t  - b) ,  the needed shift 
theorem is easily stated. Let b > 0 and let the Laplace 
transforms of F ( t ) ,  t [ F ( t ) l ,  exist. Then: 


LIF(t - b ) H ( t  - b)l = e-bsL(F( t ) l  (Eq. 5 )  


By applying this theorem under the assumption that: 


it is found that: 


(Eq. 6)  


in the time interval t > b. This solution coincides exactly 
with that of Benet (1) for t > b and gives a more explicit 
solution for0 I t I b. It is a fact that if the constant b is 
allowed to vary while infusion continues, i.e., b = t in Ref. 
1, one can simplify Benet's solution to the one proposed. 
However, changing constants to variables in the middle of 
a derivation confuses the reader and the simplification 
requires very tedious calculations. The proposed approach 
is more direct and leaves b as a fixed constant in the 
model. 


With Eq. 23 (1): 


(Eq. 10) 


Benet wished to demonstrate how to handle a partial 
fraction decomposition in which the denominator has a 
repeated root. However, the numerator is misread as a 
polynomial in s. The term as,3 may be written as fol- 
lows: 


Then, by using the expansion described by Benet in the 
Appendix (1) and the shift theorem quoted above, the 
following expression is obtained from Eq. 11: 
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for 0 I t 5 b and: 


for t > b.  Equation 13 coincides with Eq. 24 (l), which is 
valid for the model only after infusion has ceased. Equation 
12 gives a very explicit form of the solution during the 
infusion time. 


I t  is hoped that the corrections made in this article can 
contribute to the broader application and understanding 
of the method proposed by Benet. 
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Mathematical Treatment  of Linear 
Mammillary Models Using Inverse 
Laplace Transforms: A Reply 


Keyphrases 0 Mammillary models, linear-mathematics, inverse La- 
place transforms 0 Laplace transforms-inverse, in mathematical 
treatment of linear mammillary models 0 Mathematics-inverse Laplace 
transforms in linear mammillary models 


To the Editor: 
The impetus for preparing my 1972 paper on the general 


treatment of linear mammillary models as used in phar- 
macokinetics (1) was a sense of frustration with the pages 
of mathematical derivation included as part of each 
pharmacokinetic paper that appeared in print up to that 
time. As I stated in the introduction (1): “This paper in- 
tends to present some very simplified general treatments 
which will allow workers to derive equations for any linear 
mammillary compartment model with any first- or zero- 
order input process.” I believed then, as I believe now, that 
pharmacokinetic Compartment models are useful only as 
a convenient means to describe and predict the time course 


of measurable body fluid compartments such as plasma, 
blood, and urine following single and multiple doses. I did 
not consider the possibility of input into a peripheral 
compartment or the general derivation for such a treat- 
ment, as was described by Vaughan and Trainor (21, since 
I believe this use of compartment models is inappropriate, 
i.e., defining one compartment in the model as specifically 
describing an organ in the body such as the liver. Such a 
combination of compartment and perfusion models re- 
quires exponential terms that are not needed to fit the 
minimal compartment model adequately and leads to 
difficulties in interpreting “absorption” rate constants for 
such a system. 


Haborak et al. (3) questioned the solution of two equa- 
tions in my earlier paper, stating: “The presence of the 
factor (1 - e-bs)  destroys the polynomial character of the 
numerator, so neither the General Partial Fraction The- 
orem nor the Heaviside expansion immediately pertains.“ 
They are correct. However, the correct solution is also 
obtained using the one-step method that I proposed (1,4). 
Apparently, the restriction concerning the polynomial 
character of the numerator may be relaxed when expo- 
nential functions appear in the numerator due to the in- 
clusion of a zero-order input function. Since I am no 
mathematician, I shall leave the proof of this exception to 
others. However, I have tested the one-step method and 
found that it gives the correct equations for the usual 
multicompartment pharmacokinetic models with zero- 
order input into the central or peripheral compart- 
ments. 


The authors of the preceding article (3) were most dis- 
turbed by the fact that I proposed the use of a single 
equation to describe the time course of drug in the central 
compartment during infusion and when infusion has 
ceased. Although I did explain, following Eq. 13 (11, that 
this approach was equivalent to using two independent 
variables, t = clock time and b = infusion time, Haborak 
et al. (3) stated that “changing constants to variables in 
the middle of a derivation confuses the reader. . ..” I must 
admit that this point has led to questions by a number of 
readers over the years. Perhaps the preceding note and this 
reply will help readers to understand the appropriate use 
of Eqs. 13 and 24 in the 1972 paper (1). 


Haborak et al. (3) also stated that my use of a single 
equation “requires very tedious calculations.’’ This 
statement I do not understand; it certainly would be 
quicker to calculate A 1 values in Eq. 13 on any program- 
mable calculator using a single equation with two inputs 
during the infusion phase than it would be using two dif- 
ferent equations. But “calculation” is not the important 
functional use for Eq. 13. In 1972, I was concerned that 
investigators were fitting data from the postinfusion phase 
separately from the infusion phase. This procedure is in- 
appropriate, as I stated previously (1). In 1972, many of the 
computer programs used to fit pharmacokinetic data, 
particularly the BMD series (5), only allowed the investi- 
gator to fit one function a t  a time. However, I stated then 
(1) that: “All the least-squares nonlinear fitting programs 
usually utilized in pharmacokinetic treatments have the 
ability to fit data to Eq. 13. . . .” 


In conclusion, the previous article (3) points out the 
detailed solution for the Laplace derivation when an ex- 
ponential operator term appears in the numerator of the 
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Abstract d,l-Methadone forms a fluorophore when reacted with 
paraformaldehyde in concentrated sulfuric acid. Based on this reaction, 
a fluorescence assay suitable for quantitative d,l-methadone analysis 
from plasma and other tissues was developed. d,l-Methadone was ex- 
tracted a t  pH 9.2 from the deproteinized filtrate of plasma or of aqueous 
tissue homogenate into an organic phase of 25% isobutanol in ethylene 
dichloride. After an aliquot of the organic phase was evaporated t6 dry- 
ness at 50-55’ with an air jet, paraformaldehyde (0.19’0, in concentrated 
sulfuric acid) was added, and fluorescence was read at 450 nm with ex- 
citation a t  275 nm. By this method, d,l-methadone can be assayed in the 
presence of its metabolites, morphine, diacetylmorphine (heroin), co- 
deine, and cocaine; however, amphetamine, meperidine, and quinine 
interfere. 


Keyphrases 0 Methadone-analysis, fluorescence assay, lung, liver, 
brain, serum, rats 0 Narcotic analgesics-methadone, fluorescence assay, 
lung, liver, brain, serum, rats Fluorometry-analysis, methadone in 
lung, liver, brain, serum, rats 


During the past decade, d,l-methadone has been ex- 
tensively used in maintenance and rehabilitation programs 
for chronic diacetylmorphine (heroin) users (I). Most of 
the work on its distribution and metabolic disposition 
(2-4) has involved complex assays requiring labeled 
methadone. Other available methods are not sensitive 
enough to study d,l-methadone distribution following 
therapeutic doses (5-9). Recently, a highly sensitive GLC 
method (10) was reported. 


When d,l- methadone is reacted with paraformaldehyde 
in concentrated sulfuric acid by heating at  looo, a fluoro- 
phore is formed (1 1). The purpose of this paper is to report 
a fluorescence assay based on this observation. This assay 
is applicable for methadone analysis from biological tissues 
in nanogram concentrations. 


EXPERIMENTAL 


Reagents-All reagents were prepared from reagent grade chemi- 
cals. 


Zinc Sulfate Solution, 5% -Fifty grams of ZnS04-7H20 was dissolved 
in glass-distilled water to a final volume of 1000 ml. The solution was 
filtered to remove any turbidity. 


Barium Hydroxide Solution, 4.5%-Forty-five grams of Ba(0H)Z. 
8Hz0 was dissolved in glass-distilled water to a final volume of 1000 ml. 


The solution was filtered to remove any turbidity and stored in tightly 
stoppered bottles. 


Borate Buffer, pH 9.6-Fifty milliters of 0.1 M boric acid in 0.1 M KCl 
was mixed with 36.85 ml of 0.1 M NaOH. 


25% Isobutanol in Ethylene Dichloride-Isobutanol, 250 ml, was 
mixed with 750 ml of ethylene dichloride. 


0.1 76 Paraformaldehyde in Sulfuric Acid-Paraformaldehyde, 25 mg, 
was dissolved in 25 mi of concentrated sulfuric acid. This reagent was 
prepared fresh just prior to use. 


Procedure-Rats were pretreated with d,l-methadone and sacrificed 
by decapitation. Blood and other tissues such as lung, liver, and brain 
were removed. Plasma or serum was separated by centrifugation. Tissue 
samples were frozen over powdered dry ice and stored a t  -20’ until as- 
sayed. 


Just prior to assay, tissues were weighed and homogenized in distilled 
water (1:3). A 2-ml aliquot of the homogenate or 1 ml of serum (or plasma) 
diluted to 2 ml with distilled water was used for the assay. One milliliter 
of zinc sulfate solution was added to each sample, and the contents were 
thoroughly mixed on a vortex mixer before the addition of 1 ml of barium 
hydroxide solution. After thorough mixing, samples were centrifuged a t  
lOOOXg for 6 min’. 


Two-milliliter aliquots of the clear supernate were transferred into 
15-mI glass-stoppered centrifuge tubes, and 0.4 ml of pH 9.6 borate buffer 
was added to give the final pH of 9.2. Six milliliters of 25% isobutanol in 
ethylene dichloride was added, and the tubes were shaken on a recipro- 
cating shaker2 for a minimum of 10 min to facilitate methadone extraction 
into the organic phase. The samples were centrifuged for 6 min a t  lOOOXg, 
and the aqueous layer was removed by aspiration and discarded. 


Three milliliters, or any other suitable aliquot of the organic phase, 
was then transferred to a set of test tubes, and the contents were evapo- 
rated to dryness under an air jet. The air was passed sequentially through 
a column of water and concentrated sulfuric acid. The test tubes were 
kept in a water bath maintained a t  50-55’. Paraformaldehyde reagent, 
0.1 ml, was added to each sample, and the tubes were transferred to a 
hoiling water bath for 15 min. 


After the samples were removed from the bath, 7.1 ml of distilled water 
was added to adjust the normality of the solution to 0.5. The contents 
were mixed and left a t  room temperature. Thirty minutes later, the flu- 
orescence was read on a spectrophotofluorometer3 with the emission 
monochromator rotary slit a t  5, the excitation wavelength a t  275 nm, and 
the emission wavelength a t  450 nm (uncorrected). Tissue blanks, using 
tissues of untreated animals, and a set of standards were run simulta- 
neously with each set of unknowns. 


Model UV, International Equipment Co. 


Model SPF, American Instrument Co. 
* Eberbach model S1103. 
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Table I-R, Values of d.1-Methadone (M), Metabolite I (M-I), 
and Metabolite 11 (M-11) under Various Experimental  
Conditions a 


Rf  Value 
d,l-Metha- Metabo- Metabo- 


Experimental Condition done lite I lite I1 


M + M-I t M-I1 0.58 0.27 0.96 
Lung homogenate (untreated) 0.58 0.27 0.97 


Lun homo enate (treated, 0.52 Not Not 


Liver homogenate (untreated) 0.46 0.21 0.98 


t M + M-1 t M-I1 


I$ 20 mg5g  sc after detected detected 
1 hr) 


+ M + M-1 + M-I1 
Liver homo enate (treated, 0.43 0.17 0.99 


Ref. 14 0.55 0.15 0.95 


M, 20 mgbg sc after 
1 hr) 


~ ~ 


0 Gelman instant TLC media and a solvent system of tert-amyl alcohol-n-butyl 
ether-water (14:7:1) according to Ref. 14. 


RESULTS AND DISCUSSION 


Several homogenization media were evaluated, and the most desirable 
results were obtained with glass-distilled water. The aqueous homogenate 
or plasma was deproteinized by three different methods. When depro- 
teinization was done with 5% ZnS04 and 4.5% Ba(OH)2, the blank fluo- 
rescence values were the lowest and the recovery the highest and most 
consistent. 


Individual organic solvents as well as solvent mixtures were tested for 
their ability to extract methadone from aqueous solutions at various pH 
levels. A t  pH 9.0-10.0, over 90% of methadone was extracted from the 
aqueous phase into chloroform, ether, a mixture of 10% isopropanol in 
chloroform, or a mixture of 25% isobutanol in ethylene dichloride. In this 
investigation, a mixture of 25% isobutanol in ethylene dichloride was used. 
With 25% isobutanol in ethylene dichloride, d,l-methadone was nearly 
completely transferred from the aqueous into the organic phase, and an 
extraction period of 10 min was satisfactory. 


By using the systematic multiple fractional extraction procedure (12), 
it was possible to demonstrate that at pH 9.6 up to 96% of methadone was 
extracted from the aqueous into the organic phase. Evaporation of the 
organic solvent by air could be achieved a t  20-55’; however, it was best 
performed a t  50-55O. A t  higher temperatures, inconsistent results were 
obtained. The recovery of d,l-methadone (0-50 pg) added to the aqueous 
phase just prior to the extraction was about 96%, while the recovery of 
methadone from tissue homogenate was between 75 and 80%. 


The amount of paraformaldehyde reagent was not critical. The addi- 
tion of 0.1 ml of 0.1% reagent was satisfactory for d,l-methadone con- 
centrations ranging from 0.005 to 100 pg. Over the range of 0-50 pg of 
d,l-methadonelsample, the fluorescence intensity increased linearly with 
increasing concentration. The formation of the d,l-methadone fluoro- 
phore was complete after -15 min (Fig. l ) ,  and it was stable for 1 hr a t  


a 


U 


5t- 
d I 20 I 30 I 
0 10 


MINUTES 


Figure 1-Effect of heating time a t  100’ on the development o/ d,l- 
methadone fluorophore. 


Table  11-Tissue d.1-Methadone Levels in Nontolerant Male 
Wistar Ra t sa  a f t e r  20 mg/kg sc 


d,l-Methadone, pglg of wet wt. (mean f SE, n = 4) 
Tissue 0.5 hr 1 hr 2 hr 4 hr 


Lung 54.2 f 6.7 64.0 f 6.7 52.6 f 6.8 18.3 f 4.1 
Liver 25.1 f 3.8 27.2 f 4 . 5  20.0f 2.9 2.5 f 0 . 2  
Brain 4.1 fO.l 4.2 f 0.2 3.0f0.3 1.3 f 0.3 
Serum 1.3 f 0.1 1.5 f 0.04 0.9 f 0.1 0.7 f 0.1 


a Average weight 200 g. 


room temperature. During this period, the fluorescence intensity de- 
creased only by -lOO~, and the decrease was of the same magnitude in 
both standard and unknown samples. 


The last step, which consisted of diluting sulfuric acid with glass-dis- 
tilled water up  to 0.5 N, provided a way to measure d,l-methadone over 
concentrations from 0.005 to 50 pghample because the fluorescence 
output (arbitrary units per 100 ng of d,l-methadone) increased as the final 
sulfuric acid normality decreased. For example, a t  the final normality 
of 4.0, the fluorescence output was 0.8 unit/100 ng while a t  0.5 N it was 
83 units/100 ng. 


The emission and excitation spectra of the “substance” extracted from 
the tissues of treated rats closely matched those obtained by using au- 
thentic d,l-methadone, indicating that the substance extracted was 
probably d,l- methadone. 


Further confirmation of the identity was obtained by a method (13) 
that compares the distribution ratio patterns of a substance extracted 
a t  various pH levels from the biological samples to that of authentic 
chemical. If the distribution ratio patterns of the authentic and extracted 
substances are identical, then the two substances are considered to be 
identical. The distribution ratio pattern of “methadone” extracted from 
the tissues was compared to that of authentic d,l-methadone. In repeated 
experiments, the distribution ratios of authentic d,l-methadone and the 
material extracted from brain homogenate into 25% isobutanol in eth- 
ylene dichloride over pH 7.5-1 1.0 were almost identical (Fig. 2). 


The third method used in the identification of the extracted substance 
was TLC as described previously (14). Comparison of pure methadone 
added to lung or liver homogenates and the substance extracted from 
treated tissues showed nearly identical R/ values (Table I). These data 
further support the claim that  the substance assayed was d.1-metha- 
done. 


The two major methadone metabolites (2, 3) are 2-ethylidene-1,5- 
dimethyl-3,3-diphenylpyrrolidine (Metabolite I)  and 2-ethyl-5- 
methyl-3,3-diphenyl-l-pyrroline (Metabolite 11). TLC studies indicated 


b 
I I I I 


3 8.0 9.0 10.0 11.0 
BUFFER pH 


Figure 2-Distribution ratios of 25 p g  of d,l-methadone between borate 
buffer of various pH levels and 25% isobutanol in ethylene dichloride. 
Key: 0, tissue homogenate of treated animals; A, dJ-methadone added 
to tissue homogenate of untreated animals; and 0, d,l-methadone from 
aqueous solution. Organic phase is C1, and buffer phase is C2. 
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10 20 30 40 
d,l-METHADONE, mg/kg sc 


Figure 3-Tissue d,l-methadone levels in the rat 60 min after subcu- 
taneous administration of various d,l-methadone doses. Key: 0,  lung; 
0, liver; A, brain; and 0, serum. 


that these metabolites are extracted into the organic phase. However, 
they do not form fluorophores with paraformaldehyde. Also, morphine, 
diacetylmorphine (heroin), and codeine do not react with paraformal- 
dehyde to form fluorophores. Cocaine forms a fluorophore but is not 
extracted from the aqueous phase (pH 9.2) under the conditions em- 
ployed. Therefore, cocaine probably will not interfere in the methadone 
assay. Meperidine, amphetamine, and quinine form fluorophores with 
paraformaldehyde, and they are extracted into the organic phase. To 


remove the interference from these drugs, separation prior to their ex- 
traction into the organic phase is necessary. 


Table I1 gives the levels of d,l-methadone in lung, liver, brain, and 
serum a t  various time intervals after 20 mg of d,l-methadonelkg was 
administered to rats subcutaneously. Figure 3 shows that the tissue levels 
were dose dependent. 
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Abstract A urinary excretion bioavailability study was conducted in 
12 healthy male subjects to evaluate three 250-mg and three 500-mg 
chlorothiazide tablet products. The study was a crossover design, and 
urine samples were collected 1,2,3,4,6,8,12, and 24 hr after adminis- 
tration of each dose. The resulting data were statistically analyzed for 
significant differences in cumulative percent of dose excreted at  each 
sampling time, total drug recovery after 24 hr, maximum excretion rate, 
and time of maximum excretion rate. No statistically significant differ- 
ences were found between the three 250-mg tablets tested. The urinary 
drug recovery after administration of one of the 500-mg products was 


significantly (p < 0.05) lower than that from the other two 500-rng tablets. 
The total mean recovery from each product ranged from only 11 to 20%, 
indicating that in general chlorothiazide was not well absorbed following 
oral administration. Attempts at correlating the urinary excretion data 
with the dissolution rate determinations were not successful. 


Keyphrases 0 Chlorothiazide-bioavailability, tablets, humans, urinary 
recovery Diuretics-chlorothiazide, tablets, bioavailability, humans 


Bioavailability-chlorothiazide tablets, humans 


The Food and Drug Administration recently imple- 
mented a bioequivalence requirement for chlorothiazide 
tablets (I), and available information indicates that oral 
chlorothiazide dosage forms might exhibit bioavailability 
problems. The drug solubility is <1 mg/ml at pH I 7 ( 2 4 ,  
and the usual oral dose is 0.5-1.0 g. 


On the basis of urinary excretion studies, chlorothiazide 
appears to be incompletely absorbed from the GI tract of 


animals and humans (4-6). These studies reported 1658% 
urinary recoveries of the oral dose administered to humans. 
The low urinary recovery of unchanged drug is not thought 
to be the result of other elimination routes since no me- 
tabolites have been identified and the urinary recovery of 
intravenously administered chlorothiazide approaches 
100% (4,6,7). 


In view of the potential for oral chlorothiazide dosage 
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within-laboratory variance for the ADS-12 data was significantly lower 
than the average for the 17 participating laboratories. 


CONCLUSION 
The described computerized automated dissolution testing system 


conforms to the basic requirements of the USP dissolution test. The 
system, which can be adapted to almost any type of tablet agitation 
technique, can test 12 solid dosage forms simultaneously under either 
sink or nonsink conditions and can test products requiring any type of 
chemistry amenable to an automatic analyzer. Total run time is reduced 
essentially to sample dissolution time since sampling and analysis are 
performed simultaneously with sample dissolution. A complete disso- 
lution profile report, with or without graphs, is obtained within minutes 
after the required sample dissolution time. 
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Abstract The correlation between the dissolution rate and bioavail- 
ability of griseofulvin tablets was studied in stomach-emptying-controlled 
rabbits and in humans. Three different test tablets, each consisting of 
two dose levels (62.5 or 125 mg) of griseofulvin, were used. The dissolution 
rates in 0.5 hr were -75,40, and 12%. With oral administration at  62.5 
mghabbit, the ratio of peak plasma level, C,,,, was 1.00:0.660.40 and 
that of the area under the curve (AUC) was 1.00:0.730.46 for the three 
tablets. The corresponding CL- ratio was 1.00:0.740.34 and the AUC 
ratio was 1.000.720.33 in humans at the dose level of 500 mg. A good 
correlation was observed for the rank order of C,, and AUC between 
rabbits and humans, but such a correlation was not seen between in uiuo 
data and in uitro data at a larger dose of 125 mghabbit. This finding was 
attributable to the dose, which exceeded the GI drug dissolution or ab- 
sorption capacities. These results suggest that the stomach-emptying- 
controlled rabbit is useful for evaluating oral dosage forms for human use 
and that dose level selection is important in the bioavailability study of 
a barely water-soluble drug. 


Keyphrases 0 Models, animals-rabbits, use in GI drug absorption 
studies, griseofulvin tablet dissolution rate and bioavailability, compared 
to humans 0 Griseofulvin-dissolution rate and bioavailability, rabbits 
compared to humans 0 GI t r a c t d r u g  absorption, griseofulvin, rabbits 
compared to humans Antifungal agents-griseofulvin, diesolution rate 
and bioavailability, rabbits compared to humans 


Use of human subjects in bioavailability studies for 
dosage forms provides the most appropriate results; but 
in new drug development and preformulation studies, such 
use presents economic, ethical, analytical, and statistical 
difficulties. 


The availability of adequate animal models has been 
desired for estimating the bioavailability of dosage forms 
in humans. The beagle dog has been used as a model ani- 
mal in some studies (1-3). Although rabbits are easy to 
breed, have a mild temper, and are a low-cost laboratory 
animal, they have not been considered useful for drug 
absorption studies because of the difficulty in obtaining 
an empty stomach (4). However, control of the stomach 
emptying rate increased the usefulness of rabbits in GI 


drug absorption studies and produced a good correlation 
in GI drug absorption between rabbits and humans (5). 
Since the earlier work was performed on powdered drugs 
using griseofulvin, indomethacin, and nalidixic acid, fur- 
ther investigation on oral dosage forms was desired. This 
paper describes the usefulness of rabbits in dosage form 
bioavailability studies. 


While the dissolution test has been widely used as an in 
uitro test for solid dosage forms, efforts have been made 
to obtain good correlations between in uitro data and in 
uiuo data (6-8). In this study, three groups of griseofulvin 
tablets were prepared using three grades of polyvinyl al- 
cohol as binders for granulation so that the dissolution rate 
of each group was different. With these tablets, bioavail- 
ability tests were performed in stomach-emptying-con- 
trolled rabbits, and the correlation between in uitro dis- 
solution tendency and in uiuo absorption characteristics 
was examined. Bioavailability studies were also conducted 
in humans, and the suitability of the stomach-emptying- 
controlled rabbit as an animal model for dosage form 
evaluation was reviewed. 


EXPERIMENTAL 


Materials-Griseofulvin USP was micronized to <5 pm using a fluid 
energy mill. The granule was prepared by the conventional wet granu- 
lation method. The granule contained, by weight, 83.3 parts of micronized 
griseofulvin, 6.7 parts of calcium carboxymethylcellulose JP, 8.0 parts 
of lactose USP, and 1.5 parts of polyvinyl alcohol as the binder. 


To control drug release from the tablet, three grades of polyvinyl al- 
cohol’, prepared by partial or full saponification of polyvinyl acetate, were 
used as the binders for granulation: grade L for Formula L, grade H for 
Formula N, and grades M and H (21) for Formula M (Table I). After 99.5 
parta of the granules was mixed with 0.5 part of magnesium stearate USP 


1 Gohsenol, Nippon Gohsei Kagaku Kogyo Co., Tokyo, Japan. 
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Table I-Properties of Polyvinyl Alcohol a 
~ ~~ 


Degree of 
Degree of Saponification, Viscosityb, 


L lo00 86.5-89 5.3 f 0.5 
M 1000-1500 86.5-89 18 f 2 
H 1500 99.4-100 39 f 4 


Grade Polymerization mole % CPS 


Polyvinyl alcohol manufactured by partial or full saponification of polyvinyl 
acetate. * A 40% aqueous aolution at 20°. 


as a lubricant, the mixture was compressed with a single-punch machine 
into 6.3- and 8-mm diameter flat tablets, containing 62.5 and 125 mg of 
griseofulvin, respectively. 


Dissolution Rate Study-A slightly modified literature method (9) 
was used. Ten liters of distilled water was poured into a glass bath (30 
cm in length, 23 cm in width, and 30 cm in depth) and maintained at  37 
f 2*. The test tablet was placed in a plastic cylinder (22 X 77.5 mm) 
covered at  each end with a 42-mesh screen. The cylinder was moved up 
and down in the water a t  30 f 2 strokes/min. The test fluid was stirred 
continuously with a six-blade turbine-type propeller rotating at 200 f 
3 rpm. At a predetermined time, an aliquot was removed using a 0.45-pm 
pore membrane filter; the dissolved drug was assayed spectrophoto- 
metrically2. 
Zn Vivo Studies in Rabbits-The stomach emptying rate of white 


male rabbits, 2.5-3.2 kg, was controlled by the method reported previ- 
ously (5). Six rabbits were employed first. The rabbits were given one of 
the three kinds of tablets (Formula L, M, or N) containing 125 mg of 
griseofulvin. Administration of the other two kinds of tablets followed 
in a strict crossover manner after 2-week washout periods. Similarly, six 
other rabbits were given tablets of Formulas L, M, and N containing 62.5 
mg of griseofulvin in turn in a strict crossover manner. Blood samples 
were collected by cardiac puncture periodically up to 10 hr. 
In Vivo Studies in Humans-The four male volunteers, 29-46 years 


of age and 55-67 kg in weight, were all in good health. Each subject took 
a standard breakfast a t  7:OO am and received 500 mg of griseofulvin (four 
125-mg tablets) with a glass of water a t  900 am. At 1-week intervals, three 
different tablets of griseofulvin (Formulas L, M, and N) were given to 
these four subjecta in a crossover manner. Blood samples were taken from 
the cubital vein at  the predetermined time for analysis. 


Analytical Method and Equipment-Griseofulvin was extracted 
with ether from aqueous or plasma samples and was determined by a gas 
chromatograph equipped with a 63Ni-electron capture detector3. Di- 
azepam was used as an internal standard, and the procedure of Shah et 
al. (10) was followed. The column was a 1.5-m X 3-mm glass tube packed 
with 10% SE-30 on Chromosorb W. The column temperature was 270", 
the injection port temperature was 300", and the detector block tem- 
perature was 310". The carrier gas (99.999% nitrogen) flow rate was 60 
ml/min. 


I T T 


I,' - 


Or 10 20 30 40 60 60 
MINUTES 


Figure I-Dissolution rates of three different 62.5-mg griseofulvin 
tablets in distilled water at 370. Eachpoint represents the average and 
range of triplicate experiments. Key: 0, Formula L; 0, Formula M; and 
A, Formula N.  


* Shimadzu s ectrophotometer UV-200. 
Shimadzu 8C-5APTFE. 


Table 11-Plasma Level-Time Parameters following Oral 
Administration of 62.5-mg Griseofulvin Tablets in Stomach- 
Emptying-Controlled Rabbits 


Parameter 
Formula 


L M N 
1.12b.c 


(1.00)d 
1.21b.c 


(1.00) 
2 


(1.00) 
2.2 


(1.00) 
5.64c 


(1.00) 


0.55 
(0.49) 
O.8Oc 
(0.66) 
2 


(1.00) 
2.5 


(1.14) 
4.14c 


(0.73) 


0.40 
(0.36) 
0.48 


(0.40) 
3 
(i.50) 
3.0 


(1.36) 
2.57 


(0.46) 


Average plasma level peak. * Significantly different from Formula M at p < 
0.05. c Significantly different from Formula N at Each value in paren- 
theses means relative ratio of arameters among grmulas L, M, and N. e Average 
of individual peak plasma lev&. f Time of the average plasma level peak. # Average 
of individual peak times. h Area under the plasma level-time curve to 10 hr calcu- 
lated by the trapezoidal rule. 


< 0.05. 


RESULTS AND DISCUSSION 


To conduct dissolution rate studies on a dosage form containing a 
barely water-soluble drug, it is important to select an appropriate ex- 
perimental method. In a preliminary study, the dissolution rates of three 
tablet types (Formulas L, M, and N), each containing 125 mg of griseo- 
fulvin, were estimated according to Dissolution Test Method I1 of NF 
XIV, using 1 liter of distilled water as the medium. As a result, the dis- 
solution rate was very low, only -12% in 1 hr for Formula L and M tablets 
with no significant difference between the two. Since griseofulvin solu- 
bility is very limited (11,12), only -10% of 125 mg of griseofulvin present 
in the tablet could be dissolved in 1 liter of water at 37". In fact, the drug 
concentration seemed to have reached saturation for Formula Land M 
tablets in -20 min, and no difference was observed thereafter between 
the two. 


In a subsequent dissolution test, the method of Katchen (9) was em- 
ployed with 10 liters of water as the medium. The dissolution rate-time 
curves for tablets of Formulas L, M, and N containing 62.5 mg of 
griseofulvin are shown in Fig. 1. The average dissolution rates a t  0.5 hr 
after initiation of the experiment were 77.4,41.5, and 13.2%, respectively, 
and a difference Of -30% was observed between L M  and M-N. Similarly, 
the average dissolution rates a t  0.5 hr after initiation of the experiment 
for the 125-mg tablets, which were prepared using the same granules as 
the 62.5-mg tablets, were 73.1,38.2, and 10.7% for L, M, and N, respec- 
tively. There was no significant difference in dissolution rates between 
the 62.5- and 125-mg tablets. Furthermore, good reproducibility was seen 
in the dissolution rates obtained with this method (Fig. 1). To examine 
the relationship between in uitro and in vivo data, tablet dissolution 
properties must be estimated adequately; these results demonstrated 
that tbe selected method was satisfactory. 


Bioavailability studies were carried out on the tablets of Formulas L, 
M. and N to determine how the described in uitro dissolution charac- 


0 1 2 3  6 7 10 
HOURS 


Figure 2-Average plasma griseofulvin levels following oral adminis- 
tration of 125-mg griseofulvin tablets to stomach-emptying-controlled 
rabbits. Each point represents the average f SE in six animals. Key: 
see Fig. 1.  
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Table 111-Plasma Level-Time Parameters following Oral 
Administration of 500 mg of Griseofulvin (125-mg Tablet X 4 )  in 
Humans 


0.6 


e 
3 .  
i 


0.4- 


a .  
J 


5 2 0.2 


Parameter 


- 


- 


Formula 
L M N 


~~ 


Cmax", d m l  1.61bsC 1.13c 0.55 


c a u e ,  Pg/ml 1.61 b,c 1.19c 0.55 
(1 .OO)d (0.70) (0.34) 


(1.00) (0.74) (0.34) 


(1.00) (1.00) (1.67) 
Trnaxf, hr 3 3 5 


~~ 


Cmax", d m l  1.61bsC 1.13c 0.55 


c a u e ,  Pg/ml 1.61 b,c 1.19c 0.55 
(1 .OO)d (0.70) (0.34) 


(1.00) (0.74) (0.34) 


(1.00) (1.00) (1.67) 
Trnaxf, hr 3 3 5 


.~ 
T k R ,  hr 3 4 5 


(1.00) (1.33) (1.67) 


(1.00) (0.72) (0.33) 
A UC h, hr pg/ml 11.7OC 8.4OC 3.91 


~~ 


Average lasma level peak. b Si nificantly different from Formula M at p < 
0.05. e Signi$mtly different from &rmula N at < 0.05. Each value in paren- 
theses means relative ratio of arameters among {orrnulas L, M, and N. Average 
of individual peak plasma leve!. 1 Time of the average plasma level peak. 8 Average 
of individual peak times. h Area under the plasma-level-time curve to 10 hr C ~ C U -  
lated by the trapezoidal rule. 


teristics were reflected in the stomach-emptying-controlled rabbits. Since 
the minimum active ingredient content of ordinary griseofulvin tablets 
for clinical use is 125 mghblet  (NF XIV and USP XIX), the 125-mg 
tablets of Formulas L, M, and N first were administered to six rabbits 
in a strictly crossover manner; the results obained are shown in Fig. 2. 
Both the peakof the average plasma level, C,,, and the area under the 
average plasma level-time curve up to 10 hr, AUC, showed an order of 
L N M > N. The plasma level after administration of the 125-mg Formula 
L tablet did not increase in parallel with its dissolution rate as ex- 
pected. 


Among the Formula L, M, and N tablets, no evident correlation was 
found between the dissolution rate and C, or AUC. These results were 
attributable to griseofulvin overdose. As already mentioned, the water 
solubility of griseofulvin is extremely low (11,121; its limited solubility 
has been the rate-limiting factor in drug absorption (13-15). These facts 
suggested that in vitro and in vivo correlation studies should be con- 
ducted under the dose level where a dose-response should be Been in the 
drug absorption. 


To avoid the overdose problem, the griseofulvin dose level was reduced 
by one-half in subsequent studies in rabbits. The 62.5-mg tablets of 
Formulas L, M, and N were administered to six rabbits in a strictly 
crossover manner, and the plasma level-time curves and relevant data 
are shown in Fig. 3 and Table 11. For 62.5-mg tablets, a good correlation 
was found between dissolution rate and bioavailability indexes such as 
the rate and extent of drug absorpti0.n. The C,, values for Formulas 
L. M, and N were 1.12,0.55, and 0.40 pglml, respectively, in a ratio of 
1.00:0.490.36. The AUC values were 5.64,4.14, and 2.57 hr pglml, and 
the ratio was 1.00:0.730.46. Thus, both the C,, and AUC values were 
consistent with the dissolution rate order. 


Although the times of peak average plasma level, T,,, for Formulas 
L, M, and N were.2,2, and 3 hr, respectively, showing no difference be- 
tween L and M, the averages of the individual peak times, p-, were 2.2, 


0 1 2 3  6 7 10 
HOURS 


Figure 3-Average plasma griseofuluin levels following oral adminis- 
tration of 62.5-mg griseofuluin tablets to stomach-emptying-controlled 
rabbits. Each point represents the average f SE in sir animals. Key: 
see Fig. 1 .  


Y = - 0.111 + 0,390 LO6 X I 
0- 30 60 70 


6 10 
DISSOLUTION RATE, mg diicolved/30 min 


Figure 4-Correlation of dissolution rates and mean plasma griseo- 
fulvin levels in stomach-emptying-controlled rabbits for Formulas L, 
M ,  and N .  Correlation coefficient = 0.988 (p < 0.10). 


2.5, and 3.0 hr, which were consistent with the dissolution rate order. Not 
only the average data but ale0 the area under the individual rabbit plasma 
level-time curves showed the order L > M > N. These results were in 
contrast with the report of Fischer and Riegelman (16), who pointed out 
large individual variations when griseofulvin was given orally to rabbits 
fasted by the conventional method. 


The average plasma level after administration of Formulas L, M, and 
N was examined statistically by the Student t test. The plasma level of 
Formula L differed significantly from that of Formula M at 2 and 3 hr 
(p < 0.05) and from that of Formula N at 1,2,3, and 5 hr (p < 0.05). There 
was no significant difference between the plasma levels of Formulae M 
and N. According to the method of Katchen (9), the mean plasma level, 
C,, was the value of one-tenth of the AUC up to 10 hr, and this C, was 
plotted against the logarithm of griseofulvin dissolved in 0.5 hr in the in 
uitro study (log 00.6). A very close correlation was obtained between C, 
and log 00.6, with a correlation coefficient of 0.988 ( p  < 0.10) (Fig. 4). All 
of these data show that the best correlation was obtained between the 
dissolution rates and bioavailability of griseofulvin tablets by using 
stomach-emptying-controlled rabbits and selecting an adequate dose 
level. 


Further studies were undertaken to examine the relationship between 
the stomach-emptying-controlled rabbits and human subjects. Four 
125-mg tablets, corresponding to 500 mg of griseofulvin, of Formulas L, 
M, and N were given orally to four human volunteers in a crossover 
manner. The plasma level-time curves and relevant data are shown in 
Fig. 5 and Table 111. The correlation between tablet dissolution rates and 
bioavailability was very high. The C,, values for Formulas L, M, and 
N were 1.61, 1.13, and 0.55 pg/ml, respectively, and their ratio was 
1.00:0.70:0.34. The AUC values for Formulas L, M, and N were 11.70,8.40, 
and 3.91 hr pg/ml, respectively, and the ratio was 1.00:0.720.33. This AUC 
ratio was in good agreement with that of rabbits administered 62.5 mg 
of the drug. Although the T,,, for Formulas L, M, and N were 3,3, and 
5 hr, showing no difference between L and M, the individual peak time 
averages, T,,, were 3,4, and 5 hr for L, M, and N, which suggested a 
faster absorption of the tablet with superior dissolution (Table 111). 


I 


0 1 2 3  6 7 10 - -  24 
HOURS 


Figure 5-Average plasma griseofulvin levels following oral adminis- 
tration of 500 mg of griseofulvin (125-mg tablet X 4) in humans. Each 
point represents the average f SE in four men. Key: see Fig. 1 .  
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Figure 6-Correlation of dissolution rates and mean plasma griseo- 
fuluin levels in humans for Formulas L, M, and N. Correlation coeffi- 
cient = 0.995 (p < 0.10). 


While individual data are not shown, both the area under the plasma 
level-time curve and the peak plasma level were in the order L > M > 
N in all four subjects. The average plasma level of Formula L was sig- 
nificantly higher than that of Formula M at  3,5, and 7 hr and than that 
of Formula N at 2,3,5, and 7 hr (p < 0.05). Similarly, the average plasma 
level of Formula M was significantly higher than that of Formula N at  
2,3,5,7,  and 10 hr ( p  < 0.05). 


The relationship between the mean plasma level, C,, and the logarithm 
of griseofulvin dissolved in 0.5 hr (log Do.6) is shown in Fig. 6. As in the 
rabbit study, high correlation between C, and log Do.6 was confirmed 
in humans, with a correlation coefficient of 0.995 (p < 0.10). These results 
support the view of previous investigators (13-15) that the dissolution 
process is the rate-determining step in griseofulvin absorption. 


To examine the relationship between the stomach-emptying-controlled 
rabbit and humans, the C, values after administering the tablets of 
Formulas L, M, and N to humans were plotted on the ordinate and those 
of the rabbit were plotted on the abscissa (Fig. 7). While the straight-line 
gradient suggested that the C, of human subjects was a little more sen- 
sitive to the dissolution rate than that of the rabbit, a high correlation 
existed between rabbits and humans, with a correlation coefficient of 
0.997 ( p  < 0.05). Although the absolute values of T,, and r,, seemed 
slightly smaller in the rabbit, the ratio for Formulas L, M, and N was fairly 
compatible between rabbits and humans for both T,, and p,, (Tables 
I1 and 111). 


Although the dose levels of 500 mghuman and 62.5 mghabbit corre- 
sponded to -10 mg/kg for humans and 20 mg/kg for rabbits, being twice 
as large in the rabbit, both the C,, and the AUC were larger in humans 
than in rabbits. This result probably comes from the difference in the 
drug absorption capacity of the GI tract or in the metabolism in the two 
species. This difference makes it difficult to compare the absolute values 
of bioavailability indexes. However, these findings suggest that the 
stomach-emptying-controlled rabbit is a useful animal model for ex- 
amining comparative bioavailability properties for oral dosage forms. 
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Abstract  A simple, isocratic, reversed-phase, high-pressure liquid 
chromatographic procedure was developed for the determination of 
chlordiazepoxide and its major metabolites in plasma and urine. The 
wit hin-run coefficient of variation was 3.4-8.05'0, and the day-to-day 
variation was 4.0-8.0%. Recoveries of 80-91% with sensitivity limits of 
50 ng/ml were obtained for the parent drug and its metabolites. Plasma 
and urine samples collected after single intravenous and single oral doses 
were analyzed using this procedure. 


Keyphrases  0 Chlordiazepoxide-analysis, high-pressure liquid 
chromatography, biological fluids, metabolites Sedatives-chlordia- 
zepoxide, high-pressure liquid chromatographic analysis, biological fluids, 
metabolites High-pressure liquid chromatography-analysis, chlor- 
diazepoxide and metabolites, biological fluids 


Chlordiazepoxide , hydrochloride (7-chloro-2-methyl- 
amino-5-phenyl-3H-l,4-benzodiazepin-4-oxide hydro- 
chloride) (I) was synthesized by Sternbach in 1957 (1) and 
found to possess pronounced central nervous system ac- 
tivity coupled with low toxicity. At present, I is recom- 
mended for the relief of anxiety and tension, withdrawal 
symptoms associated with acute alcoholism, and preop- 
erative apprehension and anxiety and as an adjunct in the 
treatment of various disease states in which anxiety and 
tension are manifest (2). 


BACKGROUND 


Compound I is metabolized to a number of biotransformation products 
in humans (3,4). Of these, N-desmethylchlordiazepoxide (111, demoxe- 
pam (III), and N-desmethyldiazepam (IV) are measurable in plasma after 
chronic administration. All three compounds exhibit muscle relaxant and 
anticonvulsant properties in animal species (5, 6) and, therefore, pre- 
sumably have pharmacological activity in humans. 


Various methods have been used for the determination of chlordia- 
zepoxide in blood and other biological fluids, including spectrophotom- 
etry (7), colorimetry (81, fluorometry (9, lo), GLC (11-131, and differ- 
ential pulse polarography (14). All of these procedures have various 
disadvantages when applied to the analysis of the parent drug and its 
metabolites. 


High-pressure liquid chromatography (HPLC) has been applied to 
the analysis of the benzodiazepines (15) and also to the quantitation of 
specific benzodiazepines and their metabolites (16, 17). Recently, the 
technique was used to quantitate I and its metabolites (18,19). A gradient 
elution procedure was described for I and I1 with chlorpromazine as the 
internal standard (18), and a reversed-phase column was used to deter- 
mine I and its metabolites in plasma after oral doses (19). 


This report describes a new, simple, isocratic, reversed-phase HPLC 
procedure that has been used for the analysis of 1-111 in plasma and urine 
samples collected after the controlled administration of I to human vol- 
I I  nteers. 


EXPERIMENTAL 


Reagents-Sodium borate' (analytical reagent), dibasic sodium 


Mallinckrodt, St. Louis, Mo. 


Tab le  I-Calibration Curve Data (.Y = c + mx) 


Range, Slope Intercept 
Sample Compound pglml ( m )  (C)  r a  


Plasma I 0.05-1.0 0.0033 -0.07 0.998 


111 0.05-0.50 0.005 0.14 0.998 
I1 0.05-0.75 0.0044 -0.08 0.996 


..- 


Urine I 0.025-0.20 0.013 -0.12 0.991 
I1 0.025-0.20 0.014 -0.04 0.999 


I11 0.025-0.20 0.014 0.072 0.999 
" Regression coefficient 


phosphate* (analytical reagent), methanol' (UV grade), and chloroform3 
were used without further purification. 


Chlordiazepoxide hydrochloride4, N-desmethyl~hlordiazepoxide~, 
demoxepam4, and diazepam4 were used as received. 


Apparatus-The modular high-pressure liquid chromatograph con- 
sisted of a constant-flow pump5, a 10-pl loop injector6, a fixed-wavelength 
(254 nm) UV detector?, and a strip-chart recorders. A stainless steel 
column (4.6 mm X 25 cm) packed with 10-pm silica particles with 
chemically bonded octadecylsilaneg was obtained commercially. 


Chromatographic Conditions-The mobile phase of methanol-0.025 
M dibasic sodium phosphate (pH 7.5) (56:44) was used at a flow rate of 
1.6 ml/min. 


Analytical Procedure-Methanolic solutions (A) corresponding to 
1 pg of I, 11, or 111 (free base)/ml were prepared. Solutions of 100 (B) and 
10 (C) ng/pl were prepared by serial dilutions of A. All solutions were 
stored at 0' iri the dark. For the quantitation of the drug and its metab- 
olites, standards were prepared by evaporating appropriate amounts of 
these methanolic solutions to dryness under an air stream at room tem- 
perature. Ten milliliters of drug-free plasma or urine was added, and the 
solutions were shaken for 30 min. 


Solutions B and C were prepared every 4 weeks; however, A was stable 
for a longer period if kept in the dark a t  0'. The stability was checked by 
injecting 1 pg of the drug or metabolite under the described HPLC con- 
ditions and comparing the peak height with that obtained initially. 


The extraction procedure for plasma consisted of adding 1 pg of di- 
wzepam (as the internal standard) and 1 ml of saturated sodium borate 
(pH 9.0) to 1 ml of plasma. Seven milliliters of chloroform was added, and 
the mixture was shaken for 10 min. I t  was centrifuged a t  2500 rpm to 
separate the layers, and the chloroform was transferred to a 15-ml conical 
tube, where it was evaporated to dryness under an air stream a t  60'. The 
residue was dissolved in 20 pl of the HPLC eluent, and 10 pl was injected. 
Both the extraction and evaporation tubes had been silanized previously 
with 10% dimethylchlorosilanelo in toluene'. 


A similar method was used for the urine samples, except that a 3-ml 
aliquot was taken and 0.5 pg of the internal standard was used. 


Diazepam was chosen as the internal standard because of its similarity 
in structure and in retention time. Quantitation was achieved by plotting 
peak height ratio of the drug (or metabolite) to the internal standard 
against concentration. If the described method is to be used for toxico- 
logical screening, a more suitable internal standard would be prazepam, 
which is not encountered as frequently in toxicology cases. 


J. T. Baker Chemical Co., Phillipsburg, N.J. 
Burdick & Jackson Laboratories, Muskegon, Mich. 
Hoffmann-La Roche, Nutley, N.J. 
Model 3200, Spectra-Physics, Santa Clara, Calif. 
Valco, Spectra-Physics, Santa Clara, Calif. 


7 Model SP 8200, Spectra-Physics, Santa Clara, Calif. 
a Mode1 300, Linear Instruments Corp., Irvine, Calif. 
9 Prepacked Spherisorb ODS, Spectra-Physics, Santa Clara, Calif. 
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B Table 11-Statistics for Chlordiazepoxide and Its Metabolites C 
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Figure 1-High-pressure liquid chromatograms of an extracted stan- 
dard (A),  a plasma extract from a patient given 0.12 mg of chlordia- 
zepoxide hydrochloridelkg iu  (B) ,  and a plasma extract from a patient 
on long-term therapy fC). 


RESULTS AND DISCUSSION 


The results were linear over the following ranges: I, 50-1000 ng/ml; 11, 
50-750 ng/ml; and 111, 50-600 ng/ml. If the method is to he used a t  ap- 
preciably higher concentrations, two- or fourfold dilution of the sample 
would be necessary. The equations for the calibration curves and the 
regression coefficients are listed in Table I. The results of precision 
studies, hoth within run and day to day, are shown in Table 11. 


Recovery studies were performed on 1-111 using the described condi- 
tions. Recoveries were 81 f 6% of I, 88 f 5% of 11, and 91 f 4% of 111. 
Sensitivity limits were -50 ng/ml for each compound using a 1-ml plasma 
sample per assay. These sensitivity limits possibly could be improved with 
B detector wavelength of 240 nm. 


No interfering peaks were observed on analysis of blank plasma and 
urine samples. Chromatograms from an extracted standard, a plasma 
extract from a patient who was given 0.12 mg of I/kg iv, and a plasma 
extract from a patient on long-term therapy with the drug are shown in 
Pig. 1. 


The described procedure has been used successfully for measuring the 
drug and its desmethyl metabolite in plasma after oral and intravenous 
administrations of the parent drug. The plasma concentration-time 
course curves obtained from four patients were similar to those described 
by Boxenbaum et al. (20). 


N-Desmethyldiazepam (IV), a reported metabolite of I, would elute 
hetween the parent compound and the internal standard under the de- 
wril)ed HPLC conditions and have a sensitivity limit of 75 ng/ml. No 
measurable amounts of IV were seen in plasma samples collected in a 
24-hr period following single oral and intravenous doses. This finding 
is in agreement with that of Dixon et al. (4), who found low concentrations 
( 10-60 ng/ml) of 1V in plasma samples collected 24-72 hr after a single 
intravenous dose. 


Concentration 
when First 


Compound Analyzed Mean SD cv, 90 


I 


I1 


III 


I 


I1 


I11 


Within Run ( n  = 10) 


384 
220 
27 1 
133 
303 


383 13 3.4 ~~ .~~ 


221 15 6.8 
273 12 4.4 
132 9.7 7.4 
307 19 6.3 


117 118 9.4 8.0 
Day to Day ( n  = 5) 


805 750 54.3 7.2 
198 184 7.3 4.0 
692 666 51.7 7.8 
110 103 5.4 5.2 .~~ 


431 424 33.8 8.0 
84 78 3.5 4.5 


Urine samples also were analyzed using this method. Demoxepam was 
the most common metabolite detected, although the percentage of the 
total dose recovered in the urine as 1-111 was extremely small (-1% in the 
first 24 hr after administration). 
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for 0 I t 5 b and: 


for t > b.  Equation 13 coincides with Eq. 24 (l), which is 
valid for the model only after infusion has ceased. Equation 
12 gives a very explicit form of the solution during the 
infusion time. 


I t  is hoped that the corrections made in this article can 
contribute to the broader application and understanding 
of the method proposed by Benet. 
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Mathematical Treatment  of Linear 
Mammillary Models Using Inverse 
Laplace Transforms: A Reply 


Keyphrases 0 Mammillary models, linear-mathematics, inverse La- 
place transforms 0 Laplace transforms-inverse, in mathematical 
treatment of linear mammillary models 0 Mathematics-inverse Laplace 
transforms in linear mammillary models 


To the Editor: 
The impetus for preparing my 1972 paper on the general 


treatment of linear mammillary models as used in phar- 
macokinetics (1) was a sense of frustration with the pages 
of mathematical derivation included as part of each 
pharmacokinetic paper that appeared in print up to that 
time. As I stated in the introduction (1): “This paper in- 
tends to present some very simplified general treatments 
which will allow workers to derive equations for any linear 
mammillary compartment model with any first- or zero- 
order input process.” I believed then, as I believe now, that 
pharmacokinetic Compartment models are useful only as 
a convenient means to describe and predict the time course 


of measurable body fluid compartments such as plasma, 
blood, and urine following single and multiple doses. I did 
not consider the possibility of input into a peripheral 
compartment or the general derivation for such a treat- 
ment, as was described by Vaughan and Trainor (21, since 
I believe this use of compartment models is inappropriate, 
i.e., defining one compartment in the model as specifically 
describing an organ in the body such as the liver. Such a 
combination of compartment and perfusion models re- 
quires exponential terms that are not needed to fit the 
minimal compartment model adequately and leads to 
difficulties in interpreting “absorption” rate constants for 
such a system. 


Haborak et al. (3) questioned the solution of two equa- 
tions in my earlier paper, stating: “The presence of the 
factor (1 - e-bs)  destroys the polynomial character of the 
numerator, so neither the General Partial Fraction The- 
orem nor the Heaviside expansion immediately pertains.“ 
They are correct. However, the correct solution is also 
obtained using the one-step method that I proposed (1,4). 
Apparently, the restriction concerning the polynomial 
character of the numerator may be relaxed when expo- 
nential functions appear in the numerator due to the in- 
clusion of a zero-order input function. Since I am no 
mathematician, I shall leave the proof of this exception to 
others. However, I have tested the one-step method and 
found that it gives the correct equations for the usual 
multicompartment pharmacokinetic models with zero- 
order input into the central or peripheral compart- 
ments. 


The authors of the preceding article (3) were most dis- 
turbed by the fact that I proposed the use of a single 
equation to describe the time course of drug in the central 
compartment during infusion and when infusion has 
ceased. Although I did explain, following Eq. 13 (11, that 
this approach was equivalent to using two independent 
variables, t = clock time and b = infusion time, Haborak 
et al. (3) stated that “changing constants to variables in 
the middle of a derivation confuses the reader. . ..” I must 
admit that this point has led to questions by a number of 
readers over the years. Perhaps the preceding note and this 
reply will help readers to understand the appropriate use 
of Eqs. 13 and 24 in the 1972 paper (1). 


Haborak et al. (3) also stated that my use of a single 
equation “requires very tedious calculations.’’ This 
statement I do not understand; it certainly would be 
quicker to calculate A 1 values in Eq. 13 on any program- 
mable calculator using a single equation with two inputs 
during the infusion phase than it would be using two dif- 
ferent equations. But “calculation” is not the important 
functional use for Eq. 13. In 1972, I was concerned that 
investigators were fitting data from the postinfusion phase 
separately from the infusion phase. This procedure is in- 
appropriate, as I stated previously (1). In 1972, many of the 
computer programs used to fit pharmacokinetic data, 
particularly the BMD series (5), only allowed the investi- 
gator to fit one function a t  a time. However, I stated then 
(1) that: “All the least-squares nonlinear fitting programs 
usually utilized in pharmacokinetic treatments have the 
ability to fit data to Eq. 13. . . .” 


In conclusion, the previous article (3) points out the 
detailed solution for the Laplace derivation when an ex- 
ponential operator term appears in the numerator of the 
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Laplace transform. Hopefully, that paper and this re- 
sponse will allow the uninitiated reader to  understand 
better the use of such functions. However, once the reader 
becomes initiated (i.e., not confused), I suggest he or she 
define b as the time of infusion rather than the time when 
infusion ends and use the anti-Laplace techniques and 
equations presented in my 1972 publication. They really 
are easier to use. 


( 1 )  L. Z. Benet, J .  Pharm. Sci., 61,536 (1972). 
(2) D. P. Vaughan and A. Trainor, J .  Pharmacokinet. Biopharm., 3, 
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Time-Dependent Kinetics VI: 
Direct Relationship between 
Equations for Drug Levels during 
Induction and Those Involving 
Constant Clearance 


Keyphrases o Pharmacokinetics-time dependent, equations for drug 
levels during induction and during constant clearance 0 Models, phar- 
macokinetic-equations for drug levels during induction and during 
constant clearance 


To the Editor: 


In a previous report (l), equations were derived to de- 
scribe the time course of drug levels during enzyme in- 
duction under various drug input conditions: single-dose 
intravenous (Case I) and oral (Case 11) administration, 
constant rate intravenous infusion (Case III), and multi- 
ple-dose intravenous (Case IV) and oral (Case V) admin- 
istration. These equations were based on the following 
assumptions: 


1. Drug distribution is instantaneous (one compartment 
of volume V). 


2. Drug is excreted unchanged by first-order pro- 
cesses. 


8. Metabolism occurs by several first-order pathways, 
with one being controlled by a single inducible enzyme. 


4. Metabolic clearance (pre- and postinduction) ap- 
proaches intrinsic clearance. 


5. Total body drug clearance increases during induction 
from a preinduction value Q ( t  I A )  to a maximum Q’ ac- 
cording to (2): 


Q(t)  = Q‘ - (Q’ - 8)  exp[-k‘(t - X)] (Eq. 1) 


where k‘ represents the first-order degradation rate con- 


A 


TIME 


Figure 1-Exponent I (X ,  t)  in time-dependent kinetics ( A )  and in 
linear kinetics (B). Whereas in linear kinetics (constant clearance) the 
area term I(X, t) increases proportionately with time, in time-dependent 
kinetics the increase in area is more than proportional. 


stant of the induced enzyme, k’ < 0.1 Q’/V,  and X is the 
time at  which induction begins. 


To date, equatiorls based on an exponentially increasing 
clearance have been validated only to the extent that the 
time course of blood levels that they predict is compatible 
with some experimental observations (3-7). In this report, 
a mathematical proof is presented to show that these 
equations are consistent with the corresponding equations 
of the classical one-compartment model with constant 
clearance. In fact, the latter represent a particular case of 
the former. 


Table I presents solutions for Cases I-V with corre- 
sponding solutions for the one compartment with constant 
clearance. 


Figure 1 is a plot of Q ( t )  uersus time. The term I ( X ,  t )  
in every equation involving a time-dependent clearance 
(Table I) is defined as: 


I ( X .  t )  = s‘ Q ( u )  du  (Eq. 2) 


and, therefore,.representi the area under the Q ( t )  uersus 
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10 20 30 40 
d,l-METHADONE, mg/kg sc 


Figure 3-Tissue d,l-methadone levels in the rat 60 min after subcu- 
taneous administration of various d,l-methadone doses. Key: 0,  lung; 
0, liver; A, brain; and 0, serum. 


that these metabolites are extracted into the organic phase. However, 
they do not form fluorophores with paraformaldehyde. Also, morphine, 
diacetylmorphine (heroin), and codeine do not react with paraformal- 
dehyde to form fluorophores. Cocaine forms a fluorophore but is not 
extracted from the aqueous phase (pH 9.2) under the conditions em- 
ployed. Therefore, cocaine probably will not interfere in the methadone 
assay. Meperidine, amphetamine, and quinine form fluorophores with 
paraformaldehyde, and they are extracted into the organic phase. To 


remove the interference from these drugs, separation prior to their ex- 
traction into the organic phase is necessary. 


Table I1 gives the levels of d,l-methadone in lung, liver, brain, and 
serum a t  various time intervals after 20 mg of d,l-methadonelkg was 
administered to rats subcutaneously. Figure 3 shows that the tissue levels 
were dose dependent. 
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Abstract A urinary excretion bioavailability study was conducted in 
12 healthy male subjects to evaluate three 250-mg and three 500-mg 
chlorothiazide tablet products. The study was a crossover design, and 
urine samples were collected 1,2,3,4,6,8,12, and 24 hr after adminis- 
tration of each dose. The resulting data were statistically analyzed for 
significant differences in cumulative percent of dose excreted at  each 
sampling time, total drug recovery after 24 hr, maximum excretion rate, 
and time of maximum excretion rate. No statistically significant differ- 
ences were found between the three 250-mg tablets tested. The urinary 
drug recovery after administration of one of the 500-mg products was 


significantly (p < 0.05) lower than that from the other two 500-rng tablets. 
The total mean recovery from each product ranged from only 11 to 20%, 
indicating that in general chlorothiazide was not well absorbed following 
oral administration. Attempts at correlating the urinary excretion data 
with the dissolution rate determinations were not successful. 


Keyphrases 0 Chlorothiazide-bioavailability, tablets, humans, urinary 
recovery Diuretics-chlorothiazide, tablets, bioavailability, humans 


Bioavailability-chlorothiazide tablets, humans 


The Food and Drug Administration recently imple- 
mented a bioequivalence requirement for chlorothiazide 
tablets (I), and available information indicates that oral 
chlorothiazide dosage forms might exhibit bioavailability 
problems. The drug solubility is <1 mg/ml at pH I 7 ( 2 4 ,  
and the usual oral dose is 0.5-1.0 g. 


On the basis of urinary excretion studies, chlorothiazide 
appears to be incompletely absorbed from the GI tract of 


animals and humans (4-6). These studies reported 1658% 
urinary recoveries of the oral dose administered to humans. 
The low urinary recovery of unchanged drug is not thought 
to be the result of other elimination routes since no me- 
tabolites have been identified and the urinary recovery of 
intravenously administered chlorothiazide approaches 
100% (4,6,7). 


In view of the potential for oral chlorothiazide dosage 
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Table I-In Vitro Analysis of Chlorothiazide Tablets 


Mean Time for Dissolution, min Labeled Assayed Mean Disintegration - 
Product” Dose, mg Percent of Label Time, minb 30% 40% 50% 60% 


1 2 50 105.8 1.7 (6) 4 10 34 72 
2 500 99.4 0.5 (6) 10 57 110 >120 
3 250 98.6 4.6 (12) 3 4 8 21 
4 250 101.2 3.1 (6) 9 23 39 63 
5 500 101.9 7.7 (6) 10 44 105 >I20 
6 500 93.5 16.4 (18) 6 19 47 >I20 


0 Distributor (manufacturer if different from distributor) and lot numbers are as follows: 1, Merck Sharp & Dobme. 53420; 2, Merck Sharp & Dohme, T0972; 3, Econo-Rx 
Tablets taking >30 min to disintegrate (Bolar), 035437; 4, Columbia Medical Co. (Bolar), 015319; 5. Spencer Mead (Bolar), 065574; and 6. Econo-Rx (Bolar), 035438. 


were averaged in as 30 min. Number in parentheses indicates number of tablets tested. 


forms to exhibit incomplete or erratic absorption, a study 
was undertaken to evaluate the relative bioavailability of 
three lots of 250-mg and three lots of 500-mg chlorothia- 
zide tablets manufactured by two companies. Attempts 
also were made to relate the in uiuo data to the in uitro 
tablet disintegration and dissolution characteristics. 


EXPERIMENTAL 


Product Selection-Six products containing 250 or 500 mg of chlo- 
rothiazide were obtained through a local pharmacy. The six products 
(Table I) were from five different distributors but actually only represent 
two manufacturers. After the study was completed, it was learned that 
Products 3-6 had never been the subject of a New Drug Application. 


In Vitro Studies-Each product was evaluated for compliance with 
USP XIX (8) specifications for tablet content and disintegration. Al- 
though the US€’ XIX does not contain a chlorothiazide dissolution rate 
specification, dissolution testing was undertaken to provide in uitro data 
that might be useful for correlation with data from the in uiuo studies. 


The USP XIX rotating-basket apparatus was employed, using 900 ml 
of distilled water maintained at  37 f 0.5” as the dissolution medium. The 
basket was rotated a t  100 rpm, and 0.5-ml aliquots were removed every 
5 min and diluted to 25 ml with distilled water. The resulting solutions 
were analyzed spectrophotometrically at 220 nm. The dissolution data 
were corrected for drug loss due to sample removal. 


Clinical Study Protocol-Twelve adult males, between the ages of 
23 and 28 years, volunteered to participate and provided written informed 
consent. Each subject was screened regarding general health and any 
known drug allergies. All subjects underwent a urine analysis and a he- 
matologic and blood chemistry’ analysis to ensure that they were in good 
health. The subjects ranged in height from 97 to 116 cm and in weight 
from 61.4 to 95.5 kg. Each subject was instructed to avoid any other 
medication during the study. 


The 12 subjects received one of six different chlorothiazide tablets a t  
weekly intervals for 6 weeks. The administration sequence was based on 
a crossover matrix to minimize any residual or cumulative effects of the 
preceding doses (9). 


The tablets were administered in the morning following an overnight 
fast. No food or liquid ather than water was permitted until 4 hr following 
dose ingestion. Just prior to dose administration the subjects voided a 
urine sample to be used as a blank. Following tablet administration, the 
subjects collected urine samples a t  1 ,  2, 3, 4, 6, 8, 12, and 24 hr. The 
subjects were instructed to empty their bladders as completely as possible 
a t  each voiding. The sample volume was measured, and a portion was 
saved and frozen until analysis. Samples voided a t  other times were also 
measured and a portion was saved. 


Data Analysis-Analysis of variance was used to determine signif- 
icant differences (p < 0.05) between subjects, weeks, and drug products 
for cumulative percent of drug excreted a t  each sampling time, maximum 
excretion rate, time of maximum excretion rate, and cumulative drug 
excreted a t  24 hr. The Newman-Keuls a posteriori test (10) was applied 
to evaluate where statistically significant differences occurred among 
the various parameters. 


Urine Assay Methodology-All urine samples were analyzed in 
duplicate for chlorothiazide by a previously described spectrophotometric 
method (6) based on a modification of the procedure developed by Baer 
et al. (3). 


I SMA 12/60. 


RESULTS AND DISCUSSION 


In Vitro Studies-Table I summarizes the results of the in uitro tests. 
The analysis of a 20-tablet composite of each lot indicated that each 
product was within the 93-107% limits specified by the USP XIX for 
chlorothiazide tablets. Tablet disintegration tests were performed with 
and without disks in the disintegration chambers, even though USP XIX 
specifies that disks should be used. With the disks present, the six tablets 
of each product, except Product 1, disintegrated in less than 1 min; 
Product 1 disintegrated between 1.5 and 2.8 min. These times are well 
within the 30-min limit provided for in the USP. 


When the disks were removed, there was greater variation in disinte- 
gration times among the products. Product 3 had one tablet out of 12 that 
did not disintegrate within 60 min. Seven of the 18 tablets tested for 
Product 6 did not disintegrate within 30 min, and two of the tablets did 
not disintegrate within 60 min. The mean disintegration time for the six 
products ranged from 0.5 (Product 2) to 16.4 (Product 6) min. When 
determining the average disintegration time, the maximum time utilized 
for any tablet was the USP limit of 30 min, even for tablets requiring more 
than 2 hr to disintegrate. 


There was a large range in the tablet dissolution times as indicated in 
Table I. In view of the limited drug solubility, the 900 ml of water utilized 
as the dissolution medium probably was not sufficient to permit tablet 
dissolution under “sink conditions” (1 1 ) .  Therefore, even after 2 hr, the 
500-mg tablets had not reached 60% dissolution. 


C u m d a t i v e  Percent of Dose Excreted-The mean cumulative 
percent of chlorothiazide excreted unchanged a t  each sampling time for 
the six products tested is illustrated in Fig. 1. 


The mean cumulative 24-hr urinary recovery was quite low, ranging 
from 10.9% for Product 6 to 19.7% for Product 1. The greatest cumulative 
recovery observed in any one subject after single-dose administration 


20 c 


5 10 15 20 25 
HOURS 


Figure 1-Mean cumulative percent of chlorothiazide excreted fol- 
lowing the oral administration of six tablet products. Each data point 
is the mean calculated for 12 subjects. Code numbers correspond to the 
products identified in Table I: 0, Product 1 ;  0,  Product 2; A, Product 
3; 0 ,  Product 4; ., Product 5; and A, Product 6. 
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Table 11-Newman-Keuls a Posteriori Test fo r  Significant 
Product  Differences in Parameters  Studied 


Product Ranking" (Lowest 
Parameter to Highest) 


Cumulative percent of dose excreted at: 
1 hr 6 4 2 5 1 3  


2 hr 6 5 2 4 3 1  


3 hr 6 5 2 4 3 1  


4 hr 6 5 2 4 1 3  


6 hr 6 5 2 4 3 1  


8 hr 


12 hr 


6 5 2 4 3 1  


6 5 4 2 3 1  - 
24 hr 6 5 4 2 3 1  


Total milligrams excreted 4 3 1 6 5 2  


Maximumexcretionrate,%of dose/hr 6 5 2 4 1 3 


Time of maximum excretion rate 5 3 4 1 2 6  


0 Products underlined by a common line did not differ significantly ( p  > 0.05). 
See Table I for product identification. 


was 33.3%, and recovery of more than 30% occurred only one other time. 
The cumulative 24-hr urinary recoveries also exhibited high coefficients 
of variation, ranging from 30% for Product 2 to 46% for Product 5. Such 
variability would be consistent with a poorly and erratically absorbed 
dosage form. These data may be contrasted to a recently completed study 
of 25- and 50-mg hydrochlorothiazide tablets in which -75% of the ad- 
ministered dose was excreted as unchanged drug, and the mean values 
for the individual products exhibited coefficients of variation between 
8 and 16% (12). 


Table I1 summarizes the statistically significant differences among the 
products a t  each sampling time. There were differences ( p  < 0.05) a t  all 
sampling times in terms of cumulative percent of chlorothiazide excreted. 
Product 6 exhibited the lowest cumulative percent excreted a t  each 
sampling time, and Product 5 exhibited the next lowest recovery a t  all 
times except a t  the 1-hr sampling time. 


In general, the three 500-mg chlorothiazide tablets (Products 2,5, and 
6) exhibited lower cumulative percent excretion than the 250-mg tablets 
a t  the various sampling times. Product 6 was significantly lower ( p  < 0.05) 
in cumulative percent excretion than one or more products a t  each 
sampling time. A t  24 hr, the percent recovery for Products 5 and 6 was 
significantly lower ( p  < 0.05) than for Product 1, and the percent recovery 
for Product 6 also was significantly lower than for Products 2 and 3. 


Other  Urinary Excretion Parameters-Table I11 summarizes the 
mean values for maximum excretion rate, time of maximum excretion 
rate, and total milligrams of drug excreted after 24 hr. The results of the 
statistical analysis are presented in Table 11. 


The time of maximum excretion rate did not differ significantly among 
the six products ( p  > 0.05), although Product 6, which.exhibited the 
lowest urinary recovery of drug, did require the longest time to achieve 
peak excretion. Since urine samples were collected only hourly during 
the first 4 hr of the study, the accuracy of the peak excretion time is 
limited. 


As expected, the total chlorothiazide recovered in the urine after 24 
hr indicated a greater recovery from the 500-mg tablets than from the 


- 


Table Ill-Average Total  Cumulative Milligrams, Maximum Excrel 


250-mg tablets. The drug recovered from Product 2 was significantly 
greater ( p  < 0.05) than from any other product, including the two other 
500-mg tablets. The recovery from Product 6, a 500-mg tablet, did not 
differ significantly ( p  > 0.05) from that obtained with the three 250-mg 
products. On the basis of amount of drug excreted in 24 hr for Products 
5 and 6, expressed as a percent relative to Product 2, the bioavailabilities 
of these two products were 81 and 66%, respectively. Furthermore, the 
recoveries from Products 5 and 6 did not differ significantly from the 
recovery from Product 2, which contained 50% as much drug. There was 
not a significant difference in urinary recovery among the three products 
containing 250 mg of chlorothiazide. The bioavailabilities of Products 
3 and 4, based on the total amount of drug recovered expressed as a 
percent relative to Product 1, were 95 and 80%. respectively. 


When the absorption and disposition processes operative for a drug 
exhibit linear kinetics, a proportionality between dose administered and 
amount of drug eliminated is expected. Thus, the percent of dose elimi- 
nated and the maximum excretion rate expressed as a percent of dose 
should be independent of the dose administered. The data obtained in 
the present study indicate that drug recovery after the 500-mg doses was 
not twice that after the 250-mg doses. The observed lack of proportion- 
ality between dose and urinary recovery could not be attributed to non- 
linear elimination kinetics since previously reported studies involving 
intravenous administration of 500-mg chlorothiazide doses resulted in 
over 90% urinary recovery of unchanged drug (4,6,7).  


Furthermore, a preliminary pilot study (6) involving the administration 
of 250 and 500-mg oral doses as a solution to two subjects resulted in an 
urinary recovery that was only 30% of the administered dose. Previous 
investigators (13), using a specific high pressure liquid chromatographic 
(HPLC) assay, also noted a lack of dose proportionality in the urinary 
recovery of chlorothiazide administered to dogs. The drug was quanti- 
tatively recovered after intravenous administration, but the recoveries 
declined from 70 to 26% as the oral dose was increased from 125 to 750 
mg. 


Following completion of the present study, a report (14) appeared 
which indicated that various modifications of the Bratton-Marshall assay 
for chlorothiazide may be subject to interferences from urinary constit- 
uents, which vary in concentration a t  each urine sampling time. In a 
noncrossover study (14) involving oral administration of 250- and 500-mg 
chlorothiazide tablets to two groups of two subjects, the colorimetric 
method employed in the present study underestimated by 1% the total 
24-hr urinary chlorothiazide recovery in two subjects. In the other two 
subjects, the recovery was overestimated by 2 and 5.6% compared to re- 
coveries determined using a HPLC assay. However, even with an HPLC 
assay, the reported 24-hr recoveries were only 5-10'70 for the 500-mg 
tablets and 14-20% for the 250-mg tablets. These workers (14) also ob- 
served that an additional 4-11% of the administered dose could be ac- 
counted for when the urinary collection was extended to 48 hr. 


In the present study, less than 2% of the administered dose was re- 
covered in the 12-24-hr collection period. Furthermore, the data shown 
in Fig. 1 suggest that  extending the urine collection time would not have 
greatly increased the overall percent of administered drug recovered for 
each dosage form. In general, chlorothiazide apparently is not well ab- 
sorbed following oral administration. 


Subject and  Week Differences-Analysis of variance indicated 
significant subject differences ( p  < 0.05) for each parameter examined, 
except for the time of maximum excretion rate. There were no significant 
differences ( p  > 0.05) among weeks. 
In Vitro-Zn Vivo Relationships-Attempts were made to correlate 


the in vivo data with the results of the disintegration time and dissolution 
rate determinations. Because of the large variability in the urinary ex- 
cretion data a t  the early sampling times, only the 24-hr in uivo data were 
employed for correlation purposes. The time for 30% dissolution of the 
six products ranged from 3 to 10 min. The time for 60% dissolution ranged 


lion Rate, and  T ime  of Maximum Excretion Rate a 


Maximum 
Excretion Rate, 


Product Dose, mg % of dose/hr 


Time of Total 
Maximum Excretion Milligrams Excreted 


Rate, hr in 24 hr 


250 
500 
250 
250 
500 
500 


4.72 (41.8) 
3.79 (31.6) 
4.82 (44.5) 
4.26 (42.4) 
3.18 (55.4) 
2.84 (38.3) 


2.9 (46.8) 
3.3 (41.4) 
2.8 (35.3) 
2.8 (31.4) 
2.7 (39.3) 
3.3 (26.6) 


49.32 (36.45) 
81.99 (29.91) 
46.81 (42.32) 
39.42 (32.15) 
66.48 (46.11) 
54.30 (31.10) 


Data presented as mean values for 12 subjects. Coefficient of variation (percent) is indicated in parentheses. b See Table I for product identification. 
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from 21 to 72 min for the three 250-mg tablets and was >2 hr for all three 
500-mg tablets. 


Because of the small range in 30% dissolution times and the excessively 
long 6W0 dissolution times, only the times for 40 and 5o?h dissolution were 
compared to the 24-hr cumulative percent recoveries. The correlation 
between dissolution time and urinary excretion was poor, although the 
attempt a t  correlation may have failed because of the previously cited 
lack of sink conditions during the dissolution rate determinations. The 
correlation coefficients, using the times for 40 and 50% dissolution, were 
only -0.352 and -0.399. respectively. 


The disintegration times used for correlation with the urinary excretion 
data were determined without disks in the disintegration chambers, even 
though the USP XIX states that  disks should be present. The data 
without disks were utilized because of the small range in disintegration 
times when the disks were present. In contrast to the correlation between 
dissolution and urinary excretion a t  24 hr, the correlation between dis- 
integration time and urinary excretion was considerably better, with a 
correlation coefficient of -0.829 ( p  = 0.05). However, the mean disinte- 
gration times employed for Products 3 and 6 were somewhat arbitrary 
because tablets requiring >30 min were averaged in as 30 min. 


The results of these studies suggest that  the present USP XIX dis- 
integration specification should be revised to omit the use of disks in the 
apparatus. Moreover, a dissolution rate specification requiring 900 ml 
of distilled water as the dissolution medium apparently would not be 
useful in predicting the in uiuo performance of chlorothiazide tablets. 
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Abstract 0 Permeation of cations through silicone rubber tubing was 
measured, and the effect of an ion-exchange resin on the cation diffusion 
was determined. Silicone rubber has been used as a biomedical polymer 
and shows a very low solubility to ionizable species. Correlations between 
the calculated diffusion coefficients, with and without the resin, depended 
on the charge and number of waters of hydration for each cation. These 
increases ranged from 1.1 1 for potassium to 3.06 for iron, multiplied by 
the diffusion coefficient as a result of the resin. Solubilities of each cation 
in the polymer were temperature dependent. Activation energies were 
calculated for each cation by measuring the increased permeation with 
increasing temperature, with and without the resin. Decreasing magni- 


tudes of activation energies ranged from 0.91 for sodium to 0.57 for iron 
when the resin was present. Correlations were established between the 
measured activation energies and reported free energy change for the 
hydration of each cation. 


Keyphrases 0 Cations-diffusion through silicone polymer tubing, 
effect of temperature and ion-exchange resin Temperature-effect 
on cation diffusion through silicone polymer tubing Ion-exchange 
resins-effect on cation diffusion through silicone polymer tubing 
Dosage forms, sustained release-silicone polymer tubing, effect of 
temperature and ion-exchange resin on cation diffusion 


Because of the minimal body tissue response and rela- 
tively high diffusivities of hydrophobic solutes, polydi- 
methylsilicone is an excellent candidate for sustained- 
release medication implantation devices. Hydrophobic 
solute diffusion through this polymer is well documented 
(1-6), showing high rates of diffusivity and polymer solu- 
bility. 


BACKGROUND 


Little information i s  available on the permeation of charged or un- 
charged solutes that show a low sohbility in silicone films. In evaluating 


the function of silicone heart valves, a previous investigator (7) reported 
that hydrophobic dyes such as rhodamine diffused into the valve, while 
hydrophilic dyes such as methylene blue did not. Silicone capsules con- 
taining normal saline, 5% dextrose in water, sodium citrate, and a cal- 
cium-saturated solution of edetic acid showed a lack of permeation of 
these solutes through the polymer (8). 


Permeation of both charged and uncharged solutes through silicone 
membranes has been measured (9). Silicone was not permeated by the 
charged organic molecules but was permeated by the uncharged organic 
molecules, which were lipophilic. Both atropine base and histamine 
diffused through silicone rubber tubes (10). Histamine is water sol- 
uble. 


The limited permeability of charged or water-soluble solutes has re- 
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Abstract 0 Dissolution behavior was studied for four commercial 
batches of enteric-coated aspirin tablets from two companies. The USP 
XIX dissolution procedure was modified by including pretreatment in 
simulated gastric juice. The effects of five pretreatment times were 
studied. Pretreated tablets yielded higher dissolution profiles and fewer 
undissolved fractions than nonpretreated tablets. Among pretreatments, 
1.5 min was adequate and 60 min produced the highest dissolution pro- 
files. None of the pretreatments differed significantly from each other. 
An F test conducted on the data indicated that Product X was signifi- 
cantly better than Product Y a t  the p = 0.05 level. Batch C was ranked 
as the best batch irrespective of pretreatment time, followed by Batch 
D. Batches A and B were equal, although Batch A appeared to be better 
than B for the 60-min pretreatment, as indicated by the lower tswO 
value. 


Keyphrases 0 Aspirin-tablets, commercial, enteric coated, dissolution 
procedures, dissolution times, pretreatment with simulated gastric juice 


Dissolution studies-aspirin tablets, commercial, enteric coated, dis- 
solution times, pretreatment with simulated gastric juice 0 Dosage forms, 
solid-tablets, aspirin, enteric coated, commercial, dissolution proce- 
dures, dissolution times, pretreatment with simulated gastric juice 


Historically, enteric-coated tablets have not enjoyed the 
same success as other dosage forms. From time to time, 
new enteric coatings have been presented, but they have 
not been entirely successful. In 1964, Levy and Hollister 
(1) pointed out the failure of the USP disintegration test 
to assess the physiological availability of enteric-coated 
tablets. Subsequently, the product evaluated by these 
investigators was reformulated to yield a new tablet, which 
was said to be physiologically available (2). 


In 1973, Wagner et al. (3) demonstrated the failure of 
the USP disintegration test to assess the in uiuo avail- 
ability of commercial enteric-coated aminosalicylic acid 
tablets. They showed that a tablet could pass the dissolu- 
tion test at a high rotation speed (200 rpm) but failed to 
do so at the slower speed of 50 rpm. Hence, the failure of 
the dissolution test provided an explanation for the lack 
of in uiuo availability. 


Since the official compendia do not provide a method 
or criteria by which to judge the dissolution performance 
of this dosage form in uitro, baseline dissolution data on 
commercial enteric-coated aspirin tablets were needed to 
use as a comparison for future development of enteric 
coatings. In so doing, the in uitro dissolution profiles of two 
commercially available enteric-coated aspirin tablets were 
evaluated after varying pretreatment periods. The usual 
USP procedure for uncoated tablets was adapted for this 
purpose. Additionally, the product-to-product and 
batch-to-batch variations were observed. 


EXPERIMENTAL 


Reagents-Purified resin powder' (pepsin) and pancreatin* obtained 


1 Fisher Scientific Co..  Orlando, Fla. 
Sigma Chemical Co., St. Louis, Mo. 


from porcine pancreas (Grade 11) stored below 0' were,used without 
further treatment. All other materials, sodium chloride, sodium hy- 
droxide, monobasic potassium phosphate, and hydrochloric acid, were 
reagent grade and were used as obtained. The commercial enteric-coated 
aspirin tablets were purchased over the counter from various pharmacies, 
and the batches were selected at random. Two brands were involved; 
Brand X consisted of Batches C and D, and Brand Y consisted of Batches 
A and B. 


Equipment-The dissolution equipment3 was manufactured to  USP 
XIX (4) standards, which included the dissolution motor and variable- 
speed controller with a stainless steel basket assembly. The dissolution 
vessel was a 900-ml round-bottom resin flask fitted with an appropriate 
glass cup. Two dissolution apparatus, designated left (L) and right (R), 
were matched in their performance using a single batch of tablets and 
modified to reduce unwanted vibrations by the incorporation of a 1000-pF 
capacitor in the speed control circuit (5). 


The rotation speed of the basket assembly was fixed a t  50 f 1.5 rpm 
throughout the experiment. The dissolution assembly was immersed in 
a water bath at 37 i 0.1'. The UV absorbance was measured with a 
spectroph~tometer~. All absorbance data were processed using a desktop 
computer5. The final statistical analysis was conducted by the statistical 
analysis systeme (SAS) program package. 


Method-The USP XIX (4) dissolution procedure for uncoated tab- 
lets was used with the modification noted later. The dissolution study 
involved a pretreated and a nonpretreated regimen. A total of 200 tablets 
was tested. 


Two experiments were conducted. The first involved the direct in- 
troduction of the enteric-coated tablets into the simulated intestinal juice 
for 10 hr. The second involved the pretreatment of the enteric-coated 
tablet in simulated gastric juice for variable intervals of 15,30,60, and 
120 min, followed by immersion in simulated intestinal juice for 10 hr. 
A single gastric juice sample was analyzed for salicylate content after 
pretreatment. This test was followed by the analysis of the simulated 
intestinal juice samples collected every 2 hr. 


Aspirin was assayed by hydrolysis of acetylsalicylic acid (aspirin) to 


Table I-Analysis of Variance f o r  Overall Data Collected (1000 
Observations) 


Source of Degreesof F Proba- 
Variation Freedom Value" bility, >F 


Batch 3 39.83+ 0.0001 
Pretreat 4 70.99+ 0.0001 
Time 4 1450.98 0.0001 
Machine 1 43.77+ 0.0001 
Batch-pretreat 12 7.93+ 0.0001 
Batch-time 12 4.22 0.0001 
Pretreat-time 16 6.14 O.OOO1 
Batch-pretreat-time 48 3.09 0.0001 
Pretreat-machine 4 1.35+ 0.2531 
Time-machine 4 7.15 O.OOO1 
Batch-machine 3 1.72+ 0.1641 
Pretreat-time-machine 16 0.12+ 1.0000 
Batch-pretreat-machine 12 12.31 0.0001 
Batch-time-machine 12 1.64 0.0755 
Batch-pretreat-time-machine 48 1.41 0.0393 
Tablet (batch-pretreat-machine) 160 15.39 0.0001 
Error 640 
Corrected total 999 


The plus sign indicates test of hypotheses using analysis of variance sum of 
squares lor the tablet (batch-pretreat-machine) a8 the error term. 


~~ ~~ 


Hanson Research Corp., Northridge, Calif. 


Amdahl470 computer. 


4 Beckman DB-GT connected to a 25.4-em Beckman recorder. 
5 Hewlett-Packard 9815A attached to a model 9862 desktop calculator plotter. 
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Table 11-Effect of Pretreatment on Dissolution ( tw%) 


Pretreatment Time 
Batch 15min 30 rnin 60 min 120 min 


A 448 374 232 330 
B 322 206 264 370 
C 224 188 153 176 
D 252 212 208 218 


salicylate ion and subsequent UV spectrophotometry. A dissolution 
medium aliquot was filtered into a 25-ml volumetric flask to which, just 
prior to UV analysis, 10 ml of 2 N NaOH was added to achieve the pH 
14 necessary for rapid and complete hydrolysis. The UV absorbance of 
this solution was measured at  302 nm. Constant dissolution volume was 
maintained by the addition of fresh dissolution fluid. Simulated gastric 
and intestinal juices were prepared fresh and were brought to tempera- 
ture just prior to the actual dissolution experiment. 


Statistical Analysis-The analysis of variance (ANOVA) study was 
conducted using a mixed model to analyze statistically the dissolution 
experiment data. To stabilize the variances, the data were transformed 
by taking the arc sine of the square root of 1/100 of each observation. The 
overall analysis of variance was conducted for all lo00 observations. The 
F statistic for the mixed model was calculated by dividing the sum of 
squares for the effect by the sum of squares for the tablet (batch-pre- 
treatment-time) nested triple interaction term for the values indicated 
by the plus sign in Table I. All other values were calculated in the usual 
fashion by dividing the sum of squares for the effect by the sum of squares 
for the error term (6). 


The overall analysis of variance was designed to determine the inde- 
pendent variable that caused the most interactions. All observations could 
be sorted by that variable, enabling inferences to be drawn with more 
accuracy. A point-by-point analysis for significance was conducted for 
percent dissolved at each time interval using Duncan's multiple-range 
test (7). Finally, an F test was conducted to  determine if the two brands 
were significantly different in performance based on the four batches 
tested. 


RESULTS AND DISCUSSION 


The overall analysis of variance indicated that batch, pretreatment 
time, dissolution time, and apparatus all significantly affected the dis- 
solution profiles of commercial enteric-coated aspirin tablets (Table I). 
Because most interactions were caused by batch-to-batch variations, the 
data were sorted by batches, and an analysis of variance was conducted 
for each batch. Pretreatment significantly altered the dissolution profiles 
from all batches except D. 
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Figure 1-Dissolution profile of Batch A in simulated intestinal juice 
after different gastric juice pretreatment times. Key: 0,  no pretreat- 
ment; 0, 15-min pretreatment; 0, 30-min pretreatment; A, 60-min 
pretreatment; and 0,120-min pretreatment. 


Table 111-Number out of 10 Tablets Remaining Partially 
Undissolved af ter  10 hr of Dissolution * 


Brand Y Brand X 
Pretreatment BatchA BatchB BatchC BatchD 


None 0 5 3 0 
10 5 1 0 


15 rnin 2 2 0 0 
0 0 0 0 


30 min 0 2 0 0 
0 0 0 0 


60 min 1 1 0 0 
0 0 0 0 


120 min 2 2 1 0 
0 0 0 0 


First row of numbers represents <50% and the second row represents >50% of 
the tablets that remained undissolved after 10 hr. 


Figure 1 demonstrates the typical effect of simulated gastric juice 
pretreatment on tablet dissolution in simulated intestinal juice. Figure 
2 presents the percent dissolved a t  each pretreatment time after 2 hr of 
dissolution in simulated intestinal juice and is typical of the results ob- 
tained for 4-, 6-, 8-, and 10-hr intervals. Duncan's multiple-range test for 
significance indicated no significant difference among 15-, 30-, and 60- 
rnin pretreatments for Batches A, C, and D. The 60-min pretreatment 
yielded higher values for percent dissolved, but they were not statistically 
significant. 


The data suggests (Figs. 1 and 2) that a 15-min pretreatment would 
be adequate for three of the four batches. The 60-min pretreatment was 
consistently higher than other pretreatment times within a given batch. 
The 60-min pretreatment was not significantly different from the 15-min 
pretreatment except for Batch B. However, there was a trend for the 
dissolution values to peak following the 60-min pretreatment. The per- 
cent dissolved value diminished slightly after 120 min of pretreatment. 
This slight reduction for three of the four batches was not statistically 
significant from that observed for the 60-min pretreatment. Batch D, on 
the other hand, did have a significant reduction in the percent dissolved 
after 120 min of pretreatment and 2 hr of dissolution. This apparently 
anomalous behavior was not consistent in magnitude or in order with the 
data obtained at  later dissolution intervals up to and including 10 hr. 
Similar plots of percent dissolved versus pretreatment time for the data 
at 4-, 6-, 8-, and 10-hr dissolution intervals showed the same rank order 
and confirmed the conclusions drawn from the data presented in Fig. 
2. 


Percent dissolved uersus pretreatment time plots were made for all 
four batches after 15,30,60, and 120 rnin of pretreatment. Figure 3 pre- 
sents the typical results of the 60-min pretreatment. Batch C gave the 
highest value at  all pretreatment times. Table I1 summarizes the disso- 
lution profile with respect to t m ,  the time for 80% of the tablet to be 
dissolved for each batch. These values appear to be smallest after 60 min 
of pretreatment for Batches A, C, and D, Batch B had a minimum t w  
after 30 min of pretreatment. Overall, the tam values range from 2 hr and 
33 min for Batch C to 4 hr and 24 min for Batch B after 60 rnin of pre- 
treatment. The tablets pretreated for 15 min had higher t m  values than 
the 60-min pretreatment results, suggesting a relationship between 
pretreatment time and the minimum t m  values; i.e., increased pre- 
treatment time appeared to reduce the t m  values. 


A similar relationship may exist for the in uivo dissolution process. 


t ' O b o  


O S  30 60 90 120 
PRETREATMENT TIME, rnin 


Figure 2-Percent dissolved versus pretreatment time for all four 
batches after 2 hr of dissolution in simulated intestinal fluid. Key: 0,  
Batch A; 0. Batch B; 0, Batch C; and A, Batch D. 
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Figure 3-Dissolution plots of all four batches after 60-min pretreat- 
ment. Key: 0, Batch A; 0 ,  Batch B; 0,  Batch C; and A, Batch D.  


Table I11 shows that the number of tablets undissolved after 10 hr of 
dissolution with no pretreatment was greater for Product Y than for 
Product X. For Batches A and B with no pretreatment, all tablets tested 
were partially undissolved after 10 hr. Batch C similarly yielded four out 
of 10 undissolved, whereas the tablets in Batch D were totally dissolved. 
Pretreatment decreased both the number and size of undissolved tablet 
residues after 10 hr of dissolution. Overall, the 60-min pretreatment re- 
sulted in the fewest undissolved residues for all batches tested, suggesting 
it as the optimum pretreatment time. Furthermore, Product X appeared 
to perform in uitro better than Product Y with respect to  the number of 
undissolved tablet fractions at all pretreatment times. This finding 
supports the F test result, which indicated that Brand X performed 
significantly better in uitro than Brand Y ( p  = 0.05). 


SUMMARY 


Pretreated tablets yielded higher dissolution profiles than nonpre- 
treated tablets. The analysis of variance showed that pretreatment sig- 
nificantly increased the tablet dissolution profiles from all batches except 
Batch D at  the p = O.OOO1 level. Furthermore, Table 111 indicates that 
pretreatment in simulated gastric juice reduced both the number and 
the size of undissolved fractions. The 15-min pretreatment was adequate 
and was not statistically different from the other pretreatment periods. 
However, the 60-min pretreatment yielded higher dissolution profiles 


for all batches and fewer tablet residues. While the tendency for higher 
dissolution profiles cannot be supported statistically, this trend is con- 
sistent with the reduction in tablet residues after 10 hr of dissolution. 


A relationship between the pretreatment time and the tm reduction 
appeared to exist, suggesting that a similar relationship may exist in uiuo 
and should be studied. Product X performed better than Y, as indicated 
by higher dissolution profiles. The smaller tm% values for Product X 
(Table 11) support this argument. The F test using averages obtained after 
each time interval indicates that Product X was significantly better than 
Y a t  the p = 0.05 level. Furthermore, Table 111 shows that there were 
fewer undissolved tablet residues for Product X than for Product Y after 
10 hr of dissolution in simulated intestinal fluid. 


The batch ranking indicated that Batch C was the best batch irre- 
spective of the pretreatment times, and it was followed by Batch D. 
Batches A and B were interchangeable, although Batch A appeared to 
be better than B for the 60-min pretreatment, as indicated by the lower 
t ~ w  value. Since the conclusions are based on in uitro data, any extrap- 
olations to the biological system should be confirmed in uiuo. 
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Esters of Lincomycin and Clindamycin 
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Abstract 0 The aqueous solubilities of lincomycin and clindamycin 
2-palmitate esters are compared. Clindamycin 2-palmitate hydrochloride 
has an unusually high solubility at  25’, which is due to micelle formation. 
Both compounds are surface active with relatively low critical micelle 
concentrations. However, since the Krafft point of lincomycin palmitate 
is -43O, it does not form micelles below that temperature and appears 
to be quite insoluble until heated above 43’. The experimental mono- 
meric solubilities of the two compounds agree with calculations based 
on group contributions to lipophilicity. Clindamycin 2-palmitate hy- 
drochloride solutions are quite sensitive to ions, being salted out as un- 
protonated base in the form of oily droplets. Salting out correlates well 


with anionic strength, which is quite constant for the various salts studied. 
A viscosity maximum occurs with increasing salt addition, with the peaks 
of the different salts occurring a t  the same anionic strengths. 


Keyphrases Lincomycin-palmitate ester, aqueous solubility, pH, 
temperature, micelle formation Clindamycin-palmitate ester, 
aqueous solubility, pH, temperature, micelle formation 0 Antibacterial 
agents-lincomycin, palmitate ester, aqueous solubility, pH, temperature, 
micelle formation 0 Antibacterial agents-clindamycin, palmitate ester, 
aqueous solubility, pH, temperature, micelle formation Aqueous sol- 
ubility-lincomycin and clindamycin palmitate esters 


Lincomycin and clindamycin are medium spectrum 
antibiotics whose hydrochloride salts are quite soluble in 
water. Both compounds have a bitter taste which is diffi- 
cult to mask. Since clindamycin hydrochloride is consid- 


erably more bitter than lincomycin hydrochloride, chem- 
ical modification was required to make.an acceptable liq- 
uid dosage form. A variety of prodrug esters were synthe- 
sized to reduce or eliminate the bitter taste of these anti- 
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Effect of Diffusional Lag Time on Multicompartmental 
Pharmacokinetics for Transepidermal Infusion 
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Abstract0 A simple proof is given to demonstrate that the lag time to 
reach steady state from transepidermal infusion is the sum of the dif- 
fusional and pharmacokinetic lag times. 


Keyphrases o Diffusion-effect of lag time on multicompartmental 
pharmacokinetics for transepidermal infusion 0 Transepidermal infu- 
sion-effect of diffusional lag time on multicompartmental pharmaco- 
kinetics 0 Models, pharmacokinetic-transepidermal infusion, effect 
of diffusional lag time 


When a compound is administered to an animal uia 
constant intravenous infusion, a lag time exists before 
steady-state values of elimination, blood levels, etc., are 
obtained (1). If the total amount of compound eliminated 
is plotted uersus time, a linear asymptotic form obtains. 
The lag time is defined as the intercept of this linear as- 
ymptote. If, however, a compound is infused transepi- 
dermally, there is a lag time to reach cutaneous steady- 
state transport in addition to the lag time required to 
distribute and eliminate the compound in the body (2, 
3). 


Even though the nonsteady-state behavior of the blood 
levels and other parameters is coupled with the non- 
steady-state flux of the skin transport, the total lag time 
is uncoupled; i.e., the lag time is the sum of the diffusional 
and the pharmacokinetic lag times. The purpose of this 
report is to show that this result can be proven rather 
simply for multicompartmental pharmacokinetics. 


,MATHEMATICAL MODEL 


The kinetics for absorption into a central compartment and distribu- 
tion between the central compartment and other compartments can be 
described by: 


and: 


-- dCi - -keiCi - kioCi + koiCo i = I, 2,. . . , n (Eq. 2) dt  
where Cj is the concentration in the j th  compartment = 0 is the central 
compartment), k,j is the elimination rate constant for the j t h  compart- 
ment, and koj and kjo are the distribution rate constants from and into 
the central compartment, respectively. Here, VO is the central com- 
partment volume, J is the flux of material into the central compartment, 
and A is the area of tissue from which transport occurs. The kinetic 
scheme for absorption, distribution, and elimination is given in Scheme 
I. 


A t  steady state, Eqs. 1 and 2 become: 


and: 


0 = -k& - ki&f + koiC8 i = 1,2,. . . , n 


The long time integral (4) of Eqs. 1 and 2 gives: 


(Eq. 4) 


where the superscript s denotes the steady-state value of the quantity. 


l J  
I central compartment I 


l2-l compartment 


kei 


Scheme I-Absorption, 


t 
kej 


distribution, and elimination for topical 
infusion. 


and: 


C f  = -keiMi - k i a i  + koiMo i = 1,2,. . . , n (Eq. 6) 
where t o  is the diffusional or transport lag time and: 


Mi = x’ Ci dt’ (Eq. 7) 


Here the integral is for t much greater than the time to reach steady state. 
The addition of Eq. 6 to Eq. 5 gives: 


Q e ( t )  3 x keiMi = - ( t  - tD - t , )  (Eq. 8) 
n AJ” 


i-0 vo 
where Q e ( t )  is the amount eliminated as a function of time a n d  


vo ,t C? 
1-0 t , = -  


A J s  (Eq. 9) 


The expression for t ,  can be written as a function of the rate constants 
by using Eqs. 3 and 4 to obtain: 


The quantity t ,  is just the pharmacokinetic lag time. Thus, the total lag 
time is simply the sum of the transport lag time and the pharmacokinetic 
lag time. 


DISCUSSION 


Another way to determine the lag time for transepidermal infusion is 
to solve Eqs. 1 and 2 via a LaPlace transform technique. A quick look for 
just two compartments reveals that some unwieldly infinite sums must 
be evaluated and that the lag time could contain cross-terms. However, 
all of these sums cancel appropriately to give the results of Eq. 8, which 
demonstrates that the lag timesare additive. That is, the time to reach 
steady state does not contain cross-terms as it does in transport across 
more than one membrane (5), and one does not have to be concerned with 
any unexpected delays in the establishment of steady state. 
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Micellar Catalysis of a n  Analytical 
Reaction: Spectrophotometric Determination of 
Amino Acids and Peptides after Cetrimonium 
Bromide-Catalyzed Reaction with 
1 -Fluoro-2,4-dinitrobenzene 


Keyphrases Surfactants-cetrimonium bromide, micelle formation, 
catalysis of amino acid and peptide derivatization, spectrophotometry 
of derivatives Amino acids-spectrophotometric determination fol- 
lowing derivatization, catalysis by surfactant micelles Peptides- 
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surfactant micelles 


To the Editor: 
Surfactants can alter chemical reaction rates through 


their micelle-forming capabilities. During the past decade, 
intensive study of this phenomenon has been stimulated 
by the hope that micellar catalysis of organic reactions 
might be a useful model of enzyme catalysis. Although the 
dynamic and fluid structure of micelles limits their utility 
as enzyme models, micelle-induced alterations in reaction 
rates are worth studying on their own account (1,2). It was 
suggested (3,4) that micellar catalysis might be exploited 
for organic analytical purposes, but no such experimental 
studies have been reported. We describe the use of micellar 
catalysis to increase the derivative formation rate prior to 
spectrophotometric measurement of a product. 


l-Fluoro-2,4-dinitrobenzene undergoes aromatic 
nucleophilic substitution by amines to give arylated 
amines. This reaction was employed to study the amino 
acid sequence of insulin (5 ) ,  and it has since been adapted 
to the analysis of other amines and polyamines (6-8). The 
reaction is carried out in an alkaline medium, and the 
product is measured spectrophotometrically. For the de- 
termination of many amines and amino acids, the reaction 
was essentially complete (within 5% of its maximum) for 
most samples in 10 min at 65’; some compounds required 
1 2 0  min at this temperature (8). 


Several surfactants, notably the cation cetrimonium 
bromide (cetyltrimethylammonium bromide), catalyze 
substitution reactions between fluorodinitrobenzene and 
amine nucleophiles (9); rate enhancements of -five- to 
30-fold were found. Therefore, this reaction appeared to 
provide an appropriate system for testing the proposal (3, 
4) that micellar catalysis may be analytically useful. 


Rates were measured for the substitution reaction be- 
tween fluorodinitrobenzene and some amino compounds 
in the presence and absence of cetrimonium bromide. In 
these reactions, the fluorodinitrobenzene was in excess, as 


Table I-Micellar Catalysis of Amine-Fluorodinitrobenzene 
Reactions by Cetrimonium Bromide 


Half-Life, min” 
No 0.035 M 


Amine Surfactant Surfactantb 
~ 


Glycine 37.2 2.0 
85.0 4.7 Alanine 


Phenylalanine 32.0 0.5 
Tyrosine 22.0 <0.5 
Glycylglycine 63.5 5.4 
Glycylglycylglycine 94 7.5 


0 Using 5 X 10-4 M amine, 3.5 X M fluorodinitrobenzene, pH 9.2,23’. A- 
h u t  twice the concentration recommended in the analytical procedure. 


it  would be in an analytical system; samples were with- 
drawn and examined spectrophotometrically by a litera- 
ture method (8). The kinetics were apparent first order 
over at least two half-lives. Table I gives the half-lives and 
conditions for these reactions. (Tyrosine showed a slow 
secondary reaction, resulting in a small absorbance de- 
crease.) All compounds gave slightly higher absorbances 
(-10%) in the presence of the surfactant compared with 
the final absorbance in its absence. 


The following analytical procedure was developed. To 
a 25-ml volumetric flask were added 0.12 g of cetrimonium 
bromide, 1.0 ml of 1.3% (v/v) l-fluoro-2,4-dinitrobenzene 
in acetone, 9.0 ml of 2.5% sodium borate in water, and 10.0 
ml of an aqueous amine solution (1 x 10-4-1 X 10-3 M). 
After about five half-lives (Table I) a t  room temperature, 
1.0 ml of the solution was pipetted into 9.0 ml of a k100 
dilution of concentrated hydrochloric acid in dioxane. The 
absorbance was read in a 1-cm cell a t  the absorption 
maximum against a reagent blank carried through the 
same procedure. 


The absorption maximum was at 340 nm for the tyrosine 
derivative and at 350 nm for the other samples in Table I. 
Calibration plots were linear over the sample concentration 
range. 


According to Table I, the more hydrophobic reactants 
(the aromatic amino acids) gave much larger relative rate 
enhancements, as expected for micellar catalysis. All rat8 
enhancements are analytically useful, and this method can 
be applied with the reaction carried out at room temper- 
ature. This work provides the scope for further study of 
this analytical system and of the potential applications of 
micellar catalysis to other analytical reactions. 
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Laplace transform. Hopefully, that paper and this re- 
sponse will allow the uninitiated reader to  understand 
better the use of such functions. However, once the reader 
becomes initiated (i.e., not confused), I suggest he or she 
define b as the time of infusion rather than the time when 
infusion ends and use the anti-Laplace techniques and 
equations presented in my 1972 publication. They really 
are easier to use. 
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Time-Dependent Kinetics VI: 
Direct Relationship between 
Equations for Drug Levels during 
Induction and Those Involving 
Constant Clearance 


Keyphrases o Pharmacokinetics-time dependent, equations for drug 
levels during induction and during constant clearance 0 Models, phar- 
macokinetic-equations for drug levels during induction and during 
constant clearance 


To the Editor: 


In a previous report (l), equations were derived to de- 
scribe the time course of drug levels during enzyme in- 
duction under various drug input conditions: single-dose 
intravenous (Case I) and oral (Case 11) administration, 
constant rate intravenous infusion (Case III), and multi- 
ple-dose intravenous (Case IV) and oral (Case V) admin- 
istration. These equations were based on the following 
assumptions: 


1. Drug distribution is instantaneous (one compartment 
of volume V). 


2. Drug is excreted unchanged by first-order pro- 
cesses. 


8. Metabolism occurs by several first-order pathways, 
with one being controlled by a single inducible enzyme. 


4. Metabolic clearance (pre- and postinduction) ap- 
proaches intrinsic clearance. 


5. Total body drug clearance increases during induction 
from a preinduction value Q ( t  I A )  to a maximum Q’ ac- 
cording to (2): 


Q(t)  = Q‘ - (Q’ - 8)  exp[-k‘(t - X)] (Eq. 1) 


where k‘ represents the first-order degradation rate con- 


A 


TIME 


Figure 1-Exponent I (X ,  t)  in time-dependent kinetics ( A )  and in 
linear kinetics (B). Whereas in linear kinetics (constant clearance) the 
area term I(X, t) increases proportionately with time, in time-dependent 
kinetics the increase in area is more than proportional. 


stant of the induced enzyme, k’ < 0.1 Q’/V,  and X is the 
time at  which induction begins. 


To date, equatiorls based on an exponentially increasing 
clearance have been validated only to the extent that the 
time course of blood levels that they predict is compatible 
with some experimental observations (3-7). In this report, 
a mathematical proof is presented to show that these 
equations are consistent with the corresponding equations 
of the classical one-compartment model with constant 
clearance. In fact, the latter represent a particular case of 
the former. 


Table I presents solutions for Cases I-V with corre- 
sponding solutions for the one compartment with constant 
clearance. 


Figure 1 is a plot of Q ( t )  uersus time. The term I ( X ,  t )  
in every equation involving a time-dependent clearance 
(Table I) is defined as: 


I ( X .  t )  = s‘ Q ( u )  du  (Eq. 2) 


and, therefore,.representi the area under the Q ( t )  uersus 
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Table I-Equations a for Blood Concentration at Any Time When Clearance Increases Exponentially (A) and  When Clearance Is 
Constant (B) 


Case A. Time-Dependent Clearance B. Constant Clearance 


X I: Intravenous 
single dose 


c = -0 expl-[QA + I ( A ,  t)]/VJ (Eq. 1-1) 


111: Constant rate 
infusion 


] ~ X P I - I Q T  +[(A, t)l/Vl 
XO 1 - exp(-QA/V) 


c = - 1 [ multiple dose V 1 - exp(-Qr/V) 
IV: Intravenous 


R R  
Q Q  C = - - - exp(-Qt/V) (Eq. 111-2) 


exp(-Qt’lV) (Eq. IV-2) 1 
+ nfl exp[-IGr, t)/V] (Eq. IV-1) 


I’m I 
exp(-Qt’/V) - FXok, [ 1 - ~ X P ( - ~ T Q / V )  


1 - exp(-rQ/V) Vk, - Q 
exp(-QA/V) expl-[Qr + I ( A ,  t)] /V) FXok, 1 - V: Oral multiple C = - 


dose Vk, - Q 1 - exp(-rQ/V) 


exp(-k,t’) (Eq. V-2) 1 - 1 - exp(n~k,)  
1 - exp(-rk,) 


XO = dose, V = single-compartment volume of distribution, F = fraction of dose absorbed, k. = first-order absorption rate constant, r = fixed dosing interval, n = 
number of doses, and: 


f ( A ,  t )  = Q’(t - A )  -- (Q’i Q )  11 - exp[-k’(t - A) ] /  


I ( j 7 .  t )  = Q’lt’ + In - (j + 1)I.l- (exp[-(j - r n ) T k ‘ l  - exp[-k’lt’ + [n - ( rn  + 1)Ir)I) 


All other symbols are as defined in the text. 


time plot between X and t (Fig. 1A). The term QX + Z(A, 
t )  is equal to the total area under the Q(t)  uersus time plot 
from 0 to t .  


When Qlt)  is defined by Eq. 1, I (h ,  t )  is given by: 
(8‘ - 8) I1 - exp[-k’(t - X ) l l  (Eq. 3) 


For the ope-compartment model with a constant clearance 
Q, the term Z(A, t )  as defined in Eq. 2 becomes: 


I ( X ,  t )  = J‘ Q du = Q ( t  - A )  (Eq. 4)  


In this latter case, I ( A ,  t )  is equal to the area under the 
rectangle with height Q and width t - X (Fig. 1B). 


For Case I, the term Qt in Eq. 1-2 (Table I) can be writ- 
ten as: 


(Eq. 5) 


I ( A ,  t )  = Q’(t - A )  - - k ,  


Qt = QX + Q ( t  - X )  


Using the definition of I ( A ,  t )  in Eq. 4, Qt becomes: 
Qt = QX + I ( A ,  t )  


and, therefore: 
xo X 
V V C = - exp(-Qt/V) = dexp l - [QA + I(X, t)]/Vl (Eq. 7) 


Similarly in Case 11, Eq. 11-1 reduces to Eq. 11-2 by sub- 
stitution of,Qt for [QA + Z(A, t ) ]  in the first term and Q for 
Q(t)  in the second term. In Case I11 also, Eq. 111-1 reduces 
to Eq. 111-2 by substitution of Q for Q ( t )  in the first term 
and Qt for [QX + Z(X, t ) ]  in the second term. 


In Cases IV and V, the relationships between Eqs. IV-1 


and V-1 and between Eqs. V-1 and V-2 become apparent 
only after a few substitutions: 


1. The term 10’7, t ) ,  which appears in Eqs. IV-1 and 
V-1, is also defined by Eq. 2 with j7 as the lower bound of 
the integral (X  I j7 I t ) .  When the clearance is constant, 
it is given by: 


I(j7, t )  = Q(t  - j r )  = Qlt’ + [ n  - (j +  TI (Eq. 8) 


2. The term Q7 + Z(A, t )  can also be expressed in terms 
where t’ = t - ( n  - 1 ) ~ .  


oft’: 


QT + [(A, t )  = Q(t’ + tzr - A )  = Q[t’ + ( n  - m ) ~ ]  


3. By using Eqs. 8 and 9, Eq. IV-1 can be written as: 


(Eq. 9) 


where X = mr. 


c = 2 X exp(-Qt’/v) exp[-(n - rn )~Q/Vl  - exp(-nrQ/V) 
V 1 - exp( -Q~/V)  


X n - 1  


V j = m  
2 exp(-Qlt’ + [ n  - (j + I)ITI/V) (Eq. 10) 


4. The second term in Eq. 10 is a geometric series and, 
therefore, multiplication by: 


1 - exp(-Q~/V) 
1 - exp(-Q~/V) 


I =  


results in the following expression for Eq. IV-1: 


I expl-(n - m)rQ/V] - exp(-nrQ/V) I 1 - exp(-Q~/V) 
X C = 2 V exp(-Qr’/V) 


] (Eq. 11) 
I - exp[-(n - m)rQ/V] 


1 - exp( -Q~/V)  
+ 2 X exp(-Qt’lV) 


V 
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Equation 11 yields Eq. IV-2 after addition of its two 
terms. 


5. Substitution of Q for QGT)  in Eq. V-1 shows that the 
sum of its first two terms becomes identical to Eq. IV-1, 
except for the difference between FXok,/(Vlz, - Q) and 
Xo/V. Correspondingly, the first term in Eq. V-2 is equal 
to Eq. IV-2 (except for X o / V  # FXok,/(  Vka  - Q). The 
third term in Eq. V-1 becomes the second term in Eq. V-2 
after substitution of Q for Q ( t ) .  


Thus, it appears that for all of the input modes consid- 
ered, the equations commonly used for the one-compart- 
ment model with constant clearance represent only par- 
ticular cases of the corresponding equations involving a 
time-dependent clearance. This direct correspondence 
provides further validation of the equations proposed to 
describe drug levels when metabolic clearance increases 
exponentially. 
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Cetaben Sodium, an 
Antiatherosclerotic Agent 


Keyphrases 0 Cetaben sodium-synthesis, antiatherosclerotic activity 
0 Antiatherosclerotic agents-cetahen sodium, synthesis 0 Sodium 
. I - (  hexadecylamino) benaoate--synthesis, antiatherosclerotic activity 


To the Editor: 
We wish to report the synthesis of cetaben sodium [so- 


dium 4-(hexadecylamino)benzoate], a substance that 
shows promise as an antiatherosclerotic agent. 


Ethyl 4-(hexadecylamino)benzoate (mp 85-86') was 
prepared (yield 65-85%) from hexadecyl bromide or 
mesylate and 2 moles of ethyl 4-aminobenzoate at  135' in 
hexamethylphosphoric amide. Of the liquid amides, hex- 


CH,,(CH,)15-~*COONa 


cetaben sodium 


amethylphosphoric amide was the best reaction solvent 
(faster rate and fewer by-products); however, some di- 
alkylation did occur. With dimethylformamide or N,N- 
dimethylacetamide at  135-150" as solvents, N-formyl and 
N-acetyl products were obtained as well as some 44hex- 
adecy1amino)-N,N-dimethylbenzamide by-product. 
Among various alternative synthetic methods, the dibo- 
rane reduction of ethyl 4-(hexadecanoy1amino)benzoate 
gave ethyl 4-(hexadecylamino) benzoate in good yield and 
can be used for preparing various isomers and analogs. 


Cetaben sodium can be obtained directly from the 
quantitative alkaline hydrolysis of the ester but is generally 
prepared from 4-(hexadecy1amino)benzoic acid (double 
mp 108-110 and 126-128') since the latter is more easily 
purified. This salt, which is moderately soluble (about 2%) 
in 75% alcohol, is crystallized from a solution of the acid 
and a slight sodium hydroxide excess in aqueous ethanol 
in 95% yield. 


The 4-(alky1amino)benzoic acids (1) are substantially 
less toxic and more hypolipidemic than the 4-alkoxyben- 
zoic acids (2, 3) and 4-alkylbenzoic acids (3). Extensive 
studies have elucidated the structure-activity relationships 
in the aminobenzoic acid series, which are different from 
those in the alkoxybenzoic acids. The tabulated data show 
the hypolipidemic activity of representative aminobenzoic 
acids as well as of clofibrate under the same test conditions 
(Table I). The hypocholesterolemic activity falls off as the 
alkyl chain is increased to 20 or decreased to eight carbon 
atoms (1). However, the hypotriglyceridemic activity is 
relatively unaffected by the alkyl chain length. Cetaben 
is also the most effective member of the series in inhibiting 
14C-acetate and :%H-glycerol incorporation into liver tri- 
glycerides, phospholipids, and cholesterol in rats. It is not 
esterogenic, and its hypocholesterolemic mechanism of 
action does not involve inhibition of a late stage in cho- 
lesterol biosynthesis. Hypocholesterolemic activity has 
been demonstrated also in the rabbit and monkey. 


The considerable therapeutic potential of cetaben is 
suggested by its activity in two experimental atheroscle- 
rosis models in laboratory animals. First, cetaben sodium 
was shown to possess antiatherosclerotic activity in a 
rabbit model (4). Average reductions of 32-73% in the in- 
cidence of atherosclerotic lesions and of 24-28% in ab- 
dominal aortic cholesterol accumulation were observed in 
treated animals a t  doses below those that were hypolipi- 
demic'. The reductions in aortic cholesterol were essen- 
tially all due to the decreases in cholesterol ester. 


Second, Hollander et al. (5) reported on the antiath- 
erosclerotic activity of cetaben sodium in the cynomolgus 
monkey. Serum cholesterol concentrations were reduced 
by 37% in the treated animals as compared to controls fed 
the atherogenic diet alone. This change was reflected in an 
altered lipoprotein distribution with decreases in very low 
density lipoproteins (by 30%) and low density lipoproteins 
(by 38%) but an increase in high density lipoproteins (by 
96%). Such a shift in lipoprotein concentrations in humans 
is considered to be antiatherogenic (6, 7). Antiathero- 
sclerotic activity was manifested by changes in the disease 
incidence and severity as well as in the chemical compo- 
sition of the lesions present in the drug-treated mon- 
keys. 


1 A. S. Katocs. Jr,, and S. A. Schaller, unpul)lishect results. 
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from 21 to 72 min for the three 250-mg tablets and was >2 hr for all three 
500-mg tablets. 


Because of the small range in 30% dissolution times and the excessively 
long 6W0 dissolution times, only the times for 40 and 5o?h dissolution were 
compared to the 24-hr cumulative percent recoveries. The correlation 
between dissolution time and urinary excretion was poor, although the 
attempt a t  correlation may have failed because of the previously cited 
lack of sink conditions during the dissolution rate determinations. The 
correlation coefficients, using the times for 40 and 50% dissolution, were 
only -0.352 and -0.399. respectively. 


The disintegration times used for correlation with the urinary excretion 
data were determined without disks in the disintegration chambers, even 
though the USP XIX states that  disks should be present. The data 
without disks were utilized because of the small range in disintegration 
times when the disks were present. In contrast to the correlation between 
dissolution and urinary excretion a t  24 hr, the correlation between dis- 
integration time and urinary excretion was considerably better, with a 
correlation coefficient of -0.829 ( p  = 0.05). However, the mean disinte- 
gration times employed for Products 3 and 6 were somewhat arbitrary 
because tablets requiring >30 min were averaged in as 30 min. 


The results of these studies suggest that  the present USP XIX dis- 
integration specification should be revised to omit the use of disks in the 
apparatus. Moreover, a dissolution rate specification requiring 900 ml 
of distilled water as the dissolution medium apparently would not be 
useful in predicting the in uiuo performance of chlorothiazide tablets. 
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Abstract 0 Permeation of cations through silicone rubber tubing was 
measured, and the effect of an ion-exchange resin on the cation diffusion 
was determined. Silicone rubber has been used as a biomedical polymer 
and shows a very low solubility to ionizable species. Correlations between 
the calculated diffusion coefficients, with and without the resin, depended 
on the charge and number of waters of hydration for each cation. These 
increases ranged from 1.1 1 for potassium to 3.06 for iron, multiplied by 
the diffusion coefficient as a result of the resin. Solubilities of each cation 
in the polymer were temperature dependent. Activation energies were 
calculated for each cation by measuring the increased permeation with 
increasing temperature, with and without the resin. Decreasing magni- 


tudes of activation energies ranged from 0.91 for sodium to 0.57 for iron 
when the resin was present. Correlations were established between the 
measured activation energies and reported free energy change for the 
hydration of each cation. 


Keyphrases 0 Cations-diffusion through silicone polymer tubing, 
effect of temperature and ion-exchange resin Temperature-effect 
on cation diffusion through silicone polymer tubing Ion-exchange 
resins-effect on cation diffusion through silicone polymer tubing 
Dosage forms, sustained release-silicone polymer tubing, effect of 
temperature and ion-exchange resin on cation diffusion 


Because of the minimal body tissue response and rela- 
tively high diffusivities of hydrophobic solutes, polydi- 
methylsilicone is an excellent candidate for sustained- 
release medication implantation devices. Hydrophobic 
solute diffusion through this polymer is well documented 
(1-6), showing high rates of diffusivity and polymer solu- 
bility. 


BACKGROUND 


Little information i s  available on the permeation of charged or un- 
charged solutes that show a low sohbility in silicone films. In evaluating 


the function of silicone heart valves, a previous investigator (7) reported 
that hydrophobic dyes such as rhodamine diffused into the valve, while 
hydrophilic dyes such as methylene blue did not. Silicone capsules con- 
taining normal saline, 5% dextrose in water, sodium citrate, and a cal- 
cium-saturated solution of edetic acid showed a lack of permeation of 
these solutes through the polymer (8). 


Permeation of both charged and uncharged solutes through silicone 
membranes has been measured (9). Silicone was not permeated by the 
charged organic molecules but was permeated by the uncharged organic 
molecules, which were lipophilic. Both atropine base and histamine 
diffused through silicone rubber tubes (10). Histamine is water sol- 
uble. 


The limited permeability of charged or water-soluble solutes has re- 
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stricted the use of silicone as a potential drug delivery carrier for water- 
soluble or charged drugs. If an additional factor could be added to en- 
hance the permeation of charged solutes through silicone rubber, new 
delivery systems could be devised for these drugs. 


The use of charged nondiffusable polyelectrolytes to increase coion 
diffusion was suggested previously (1 1). Carboxymethylcellulose sodium 
greatly increased the diffusion of both penicillin and salicylate ions, more 
than doubling the observed transport rate and equilibrium distribution 
compared to the rate and distribution when the resin was not present. 
Similar results were obtained by investigators (12) who measured elec- 
trostatic forces between polyelectrolyte solutions and counterions and 
the effect of these forces on counterion diffusion. It has been observed 
in this laboratory (13) that a positively charged polyelectrolyte increases 
the diffusion rate and equilibrium concentrations of cations by its pres- 
ence, based on the Donnan membrane effect. 


The purpose of the work was to determine the effects of an anion- 
exchange resin on the diffusion rate of the cations through silicone 
polymer. It was postulated that the resin would provide an additional 
driving force due to electrostatic repulsion between the resin and the 
cations and would increase their diffusion rate. 


EXPERIMENTAL 


Materials-The diffusion species used were the chloride salts of po- 
tassium, sodium, calcium, and iron prepared from reagent grade chemi- 
cals. Silicone' polymer tubing and medical grade adhesive2 were used 
throughout the experiment. The tubing sizes (inside diameter by outside 
diameter in centimeters) were: A, 0.335 X 0.465; B, 0.267 X 0.318; and C, 
0.292 X 0.318. The anion-exchange resin3 was a trimethylbenzylammo- 
nium chloride polymer. Deionized water was used in the preparation of 
all solutions. 


Methods-Specific lengths of silicone polymer tubing were sealed 
a t  one end with the adhesive and allowed to cure. The tubes were filled 
with aqueous solutions of 1-mg/ml concentrations of each cation, leaving 
a small air space a t  the top of each tube, and then were sealed with the 
adhesive. Two tubes were prepared for each cation, one containing only 
the cation solution and the other containing the cation solution plus 10 
mg of the resin/ml. 


The filled polymer tubes were placed in glass tubes, and a deionized 
water receptor phase was added in a volume sufficient to immerse com- 
pletely the polymer tube and leave only a small air space after the glass 
tube was stoppered. The prepared glass tubes were rotated end over end 
a t  a constant 16 rpm, which caused the air bubbles in the silicone tubes 
to traverse the entire length of the tube during each half-revolution. This 
procedure produced a uniform distribution of the resin and a continual 
solution mixing within the polymer tubes. This rotation also produced 
receptor phase mixing. 


The receptor phase was changed weekly and analyzed for cation con- 
centration by atomic absorption spectrophotometrq". The receptor phase 
for the 1st week was discarded because 4-6 days was required before any 
cations appeared in the receptor phase. Temperature regulation was 
maintained by placing the glass tubes in an incubator; all solutions and 
equipment were brought to the appropriate temperature before the ex- 
periments. 


The solubility of each cation in the silicone polymer was determined 
by using a known polymer volume and measuring the ion depletion from 
a solution of known concentration and volume. The polymer was placed 
in each cation solution for 7 days, removed, and desorbed by deionized 
water for another 7 days. The membrane was used for cation solubility 
determinations after drying in an evacuated chamber to a constant 
weight. 


RESULTS AND DISCUSSION 


The mathematical relationship for the diffusion from a cylinder con- 
sists of a membrane diffusional component and a diffusional layer com- 
ponent. Research into the diffusion from polymeric systems (14) indicates 
that the rate-determining step is the membrane diffusional component 
and that the diffusion rate follows Fick's law. A modified form of the 
general case for diffusion through a cylinder, as obtained from the liter- 
ature (15), is given by: 


Silastic, Dow Corning Corp., Midland, Mich. 
Silastic Type A, Dow Corning Corp., Midland, Mich. 
Dowex-1, Sigma Chemical Corp.. St. Louis, Ma. 
Model 305-A, Perkin-Elmer Corp., Norwalk, Conn. 


Table I-Cation Solubility in Silicone Rubber  at Different 
Temperatures  


Iron 
Temper- Potassium, Sodium, Calcium, (Ferric), 


ature Irg/cm3 pg/cm3 pg/cm3 pglcm3 


15' 1.44 1.37 1.38 1.20 
25' 1.72 1.64 1.66 1.45 
35' 1.98 1.96 1.98 1.74 


(Eq. 1) 


where J is the flux, h is the cylinder length, D, is the diffusion coefficient, 
C, is the solubility of the diffusing species in the polymer, and 0.d. and 
i.d. are the outer and inner wall diameters, respectively. Flux was de- 
termined by measuring the concentration of each ion as it appears in the 
receptor phase and calculating the cumulative release (micrograms) per 
centimeter of tube length over the measured time periods. 


The relation of activation energies to the diffusion coefficients are 
shown by Eq. 2, a modified Arrhenius equation: 


(Eq. 2) 


where D1 is the diffusion coefficient a t  temperature T I ,  D2 is the diffusion 
coefficient at temperature Tz,  En is the activation energy, and R is the 
gas content; En was calculated from the slope of In D versus (l/t). 


The filler used in silicone polymer reportedly (16-18) is high surface 
area fumed silica, which physically adsorbs many diffusing species. This 
adsorption may physically remove such species from the diffusion process 
or slow down the diffusion rate. Therefore, these adsorption sites would 
influence species solubility and diffusion lag times for each ion. This 
factor was the primary reason for presoaking the polymer in a solution 
of each ion before polymer solubilities were determined. 


The solubilities of the four cations in silicone rubber are shown in Table 
I. Iron had the least solubility, sodium and calcium solubilities were nearly 
identical, and potassium showed the greatest solubility. The solubilities 
of all ions increased with temperature. 


A typical concentration versus time plot is shown in Fig. 1. A cumu- 
lative total of micrograms of calcium that diffused through the silicone 
tubes, with and without the resin a t  25'. is plotted against time. The ef- 
fects of the resin are visible, as can be seen from the increasing slopes of 
the lines. The linearity of the plotted data is reasonable due to the dif- 
ferences in ion concentrations on each side of the polymer. Few. ions 
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Figure I-Cumulative micrograms of calcium versus time at 25'. Key: 
0, calcium plus resin for Tube C; 0,  calcium for Tube C; A, calcium plus 
resin for Tube €3; A! calcium for Tube B; 0, calcium plus resin for Tube 
A; and ., calcium for Tube A. 
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Figure 2-Flux (J) for calcium permeation from Silastic polymer tubes 
versus [In (o.d./i.d.)]-' for Tubes A-C. Key: 0,  calcium plus resin a t  
35'; 0, calcium a t  35O; A, calcium plus resin a t  25'; A, calcium a t  2.5'; 
0, calcium plus resin at  15'; and ., calcium a t  15". 


i 


0.250 


0.000. 


permeated the tubing relative to the ionic concentration within the tube, 
the latter being almost constant. 


The diffusion results are shown in Fig. 2 for calcium, where the flux, 
J ,  is plotted against [ln (o.d./i.d.)]-l of each silicone tube. This figure 
depicts the data from the measured flux a t  three temperatures, with and 
without the resin. The effect of the resin on its diffusion through the 
polymer is in the order: iron > calcium > sodium > potassium. 


Diffusion coefficients calculated from the slopes of these plots are given 
in Table 11. Here D, is the diffusion coefficient where no resin was 
present, and DL is the diffusion coefficient where the resin was present. 
The correlation coefficients were greater than 0.99. 


A comparison of D, ucrsus D; was obtained from the ratio D ; / D ,  
a t  25': potassium, 1.11; sodium, 1.26; calcium, 1.62; and iron, 1.81. Be- 
cause the increase in the diffusion rate due to the resin is based on the 


/ // 
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Table 11-Measured Cation Diffusion Coefficients through 
Silicone Hubber 


f 


-21.41 


Q -21.8 
C - 


-22.2 


-22.6 


~~ 


Temper- n, x 10'0, DL X lolo, 
Cation ature cm2/sec cmZ/sec 


Potassium 35" 
25" 
15" 


4.34 4.61 
3.12 3.46 
1.93 2.21 


15" 1.59 3.06 
Iron (ferric) 35" 3.70 5.94 


25" 2.44 4.42 
150 1.17 3.08 


Table 111-Measured Cation Activation Energies 


E O  7 EL, 
Cation kcal/mole kcal/mole 


Potassium 7.3 6.7 
Sodium 7.7 6.2 
Calcium 8.4 6.1 
Iron (ferric) 10.4 6.0 


1lTX lo3  


Figure 3-Arrhenius plot of In D versus I /T for calcium (0) and cal- 
cium plus resin (@). 


repulsion of like charges on the resin and the ions, for a given equal weight 
concentration the charge groups per unit volume for the ions is in the 
order: iron > calcium > sodium > potassium. 


The calculated effect the resin would have on the increased diffusion 
rate for these ions using the Donnan equilibrium, times the diffusion 
where no resin was present, is: potassium, 1.46; sodium, 2.48; calcium, 
2.85; and iron, 3.06. These figures were obtained by calculating the gram 
equivalent per liter of each cation present in a 1-mg/ml concentration 
and the electrical repulsion due to the resin in a lO-mg/ml concentration. 
Comparison of the calculated to actual increased diffusion rate caused 
by the resin demonstrates that the actual rate was less than the calculated 
rate. This finding could be due, in part, to the limited solubility of the 
ions in the polymer, which may be the rate-limiting step for the diffusion 
process. 


Activation energies as calculated from the slopes of the lines of plots 
similar to Fig. 3 are given in Table 111. Figure 3 is a plot of In D uersus 1/T 
for calcium. Decreased activation energies can be seen by the difference 
of the slopes for the resin and nonresin plots; Ea signifies that no resin 
was present, and E ;  indicates that the resin was present in the silicone 
tube. Correlation coefficients all exceeded 0.99. 


Activation energies decreased due to the resin in the same order and 
about to the same extent as the diffusion coefficients increased. Ratios 
of E,/Eo are: potassium, 0.91; sodium, 0.81; calcium, 0.72; and iron, 
0.57. 


Table IV is a comparison of activation energy and various parameters 
obtained from the literature. In each case, the activation energy where 
no resin was present, as calculated from the results of this experiment, 
was only slightly larger than the free energy change for the ion hydra- 
tion. 


These data may suggest that  the ions utilize dehydration energy for 
the initial movement into the membrane. Because of the hydrophobic 
nature of silicone rubber, the measured activation energies may be im- 
portant in the hypothesis that only the dehydrated ion permeates these 
types of polymers. When the resin was present, the measured activation 
energies of the ions for diffusion were less than when no resin was present. 
The magnitude of decreased activation energies increased as the charge 
on the ion increased. This effect was due to the increased electrical re- 


Table  IV-Reported Values of t he  Radius of t he  Ions (r) (19), t he  
Number of Waters  of Hydration (N) (ZO), a n d  the  Free Energy of 
Hydration f o r  t he  Ions (AG) (21) and  Ea Values from Table  111 


Iron 
Parameter Potassium Sodium Calcium (Ferric) 


1.38 0.95 0.99 0.64 
3 4 10 12 ~~ ~. 


AG, kcal/mole 7.08 7.45 8.16 - 


E,  7.31 7.68 8.40 10.39 
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pulsion between the resin and the ion as the net charge difference in- 
creased. The resin introduced an additional driving force, which reduced 
the activation energy required for each ion to  permeate the mem-’ 
brane. 
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Abstract An animal model used yeast-fevered rats to measure the 
relative antipyretic effects of different commercially available acetami- 
nophen-containing suppositories. A laboratory-prepared acetamino- 
phen-containing suppository and placebo suppositories also were in- 
vestigated, Release from the suppositories was measured in vitro. All 
acetaminophen products containing 600 mg of drug elicited significant 
decreases in the rectal temperature of fever-induced rats. 


Keyphrases 0 Antipyretic agents-acetaminophen, suppositories, rats 
Acetaminophen-antipyretic effects, suppositories, rats 0 Dosage 


forms, solid-suppositories, acetaminophen, antipyretic effects, rats 
~ 


The antipyretic effect of acetaminophen is well known. 
However, formulation factors can influence the rate and 
extent of acetaminophen bioavailability from rectal dosage 
forms (1-5). Drug release from suppository vehicles is 
necessary before absorption can occur. Acetaminophen 
release from various polyethylene glycol vehicles appears 
to be related to its solubility in the vehicle, which, in turn, 
is related to vehicle dielectric properties (1 ,2) .  Different 
formulations of polyethylene glycol suppositories show 
fairly wide variation in total urinary acetaminophen ex- 
cretion due to differences in absorption patterns of the 
rectally administered acetaminophen (1). 


The use of rectal suppositories for systemic acetami- 
nophen administration has been the subject of recent 
studies in humans. The results from a well-controlled, 
double-blind study in humans indicated no significant 
differences in antipyretic effect between acetaminophen 
administration of a hospital pharmacy -prepared suppos- 
itory and a commercially available tablet dosage form (4). 
However, large differences in acetaminophen bioavail- 
ability from suppositories prepared in two different hos- 
pitals were found when they were compared to a com- 
mercial rectal product in a urinary excretion study using 


human subjects (5). The large differences found in the 
relative bioavailability, peak excretion rates, and times of 
peak action between the hospital-manufactured acet- 
aminophen suppositories themselves and the commercially 
obtained product prompted the investigator to suggest the 
need for in uiuo testing of hospital-prepared suppositories 
(5). 


The purpose of this study was to compare in uiuo the 
antipyretic effects of five different generic acetaminophen 
suppository products purchased from different commercial 
sources with acetaminophen-containing and placebo 
suppositories prepared in this laboratory. The animal 
model used was a modified version of a previously reported 
in uiuo method for measuring the antipyretic effect of as- 
pirin in rats (6). 


EXPERIMENTAL 


Reagents and Equipment-Petrolatum1, polyethylene glycol 15402, 
polyethylene glycol 60002, polyethylene glycol 4002, acetaminophen3, 
brewer’s yeast4, and ether5 were used as supplied. 


Acetaminophen suppositories, A-E6, were obtained from commercial 
sources. 


The equipment used included a rectal thermometer7, thermistor 
probes, wound clip applierg, and 9-mm wound clips1o. 


Matheson, Coleman and Bell, Norwood, OH 45212. 
J. T. Baker Chemical Co., Phillipsburg, NJ 08865. 
Lot 7032-LSR-43, S. B. Penick, Lyndhurst, NJ  07071. 
E. R. Squibb & Sons, Princeton, NJ 08540. 
Mallinckrodt, St .  Louis, MO 63147. 
Product A, Westward, Inc., Eatontown, N J  07724; Product R, American Qui- 


nine, Hospital Division of Natcon Chemicals, Plainview, NJ 11803; Product C, 
Consolidated Midland Corp., Brewster, NY 10509 Product D, Reiss Williams Co., 
Division of G & W Laboratories, Port Reading, Nd 07064; and Product E, 
Upsher-Smith Laboratories, Minneapolis, MN 5541 5. 


Model 47TD. Yellow S rings Instrument Co., Yellow Springs, Ohio. 
Series T2  605, Yellow Jprings Instrument Co., Yellow Sprin s, Ohio. 
Model 7630, Clay Adams, Division of Becton, Parsippany, I& 07054. 


l o  Clay Adams, Parsippany, NJ 07054. 
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Micellar Catalysis of a n  Analytical 
Reaction: Spectrophotometric Determination of 
Amino Acids and Peptides after Cetrimonium 
Bromide-Catalyzed Reaction with 
1 -Fluoro-2,4-dinitrobenzene 


Keyphrases Surfactants-cetrimonium bromide, micelle formation, 
catalysis of amino acid and peptide derivatization, spectrophotometry 
of derivatives Amino acids-spectrophotometric determination fol- 
lowing derivatization, catalysis by surfactant micelles Peptides- 
spectrophotometric determination following derivatization, catalysis by 
surfactant micelles 


To the Editor: 
Surfactants can alter chemical reaction rates through 


their micelle-forming capabilities. During the past decade, 
intensive study of this phenomenon has been stimulated 
by the hope that micellar catalysis of organic reactions 
might be a useful model of enzyme catalysis. Although the 
dynamic and fluid structure of micelles limits their utility 
as enzyme models, micelle-induced alterations in reaction 
rates are worth studying on their own account (1,2). It was 
suggested (3,4) that micellar catalysis might be exploited 
for organic analytical purposes, but no such experimental 
studies have been reported. We describe the use of micellar 
catalysis to increase the derivative formation rate prior to 
spectrophotometric measurement of a product. 


l-Fluoro-2,4-dinitrobenzene undergoes aromatic 
nucleophilic substitution by amines to give arylated 
amines. This reaction was employed to study the amino 
acid sequence of insulin (5 ) ,  and it has since been adapted 
to the analysis of other amines and polyamines (6-8). The 
reaction is carried out in an alkaline medium, and the 
product is measured spectrophotometrically. For the de- 
termination of many amines and amino acids, the reaction 
was essentially complete (within 5% of its maximum) for 
most samples in 10 min at 65’; some compounds required 
1 2 0  min at this temperature (8). 


Several surfactants, notably the cation cetrimonium 
bromide (cetyltrimethylammonium bromide), catalyze 
substitution reactions between fluorodinitrobenzene and 
amine nucleophiles (9); rate enhancements of -five- to 
30-fold were found. Therefore, this reaction appeared to 
provide an appropriate system for testing the proposal (3, 
4) that micellar catalysis may be analytically useful. 


Rates were measured for the substitution reaction be- 
tween fluorodinitrobenzene and some amino compounds 
in the presence and absence of cetrimonium bromide. In 
these reactions, the fluorodinitrobenzene was in excess, as 


Table I-Micellar Catalysis of Amine-Fluorodinitrobenzene 
Reactions by Cetrimonium Bromide 


Half-Life, min” 
No 0.035 M 


Amine Surfactant Surfactantb 
~ 


Glycine 37.2 2.0 
85.0 4.7 Alanine 


Phenylalanine 32.0 0.5 
Tyrosine 22.0 <0.5 
Glycylglycine 63.5 5.4 
Glycylglycylglycine 94 7.5 


0 Using 5 X 10-4 M amine, 3.5 X M fluorodinitrobenzene, pH 9.2,23’. A- 
h u t  twice the concentration recommended in the analytical procedure. 


it  would be in an analytical system; samples were with- 
drawn and examined spectrophotometrically by a litera- 
ture method (8). The kinetics were apparent first order 
over at least two half-lives. Table I gives the half-lives and 
conditions for these reactions. (Tyrosine showed a slow 
secondary reaction, resulting in a small absorbance de- 
crease.) All compounds gave slightly higher absorbances 
(-10%) in the presence of the surfactant compared with 
the final absorbance in its absence. 


The following analytical procedure was developed. To 
a 25-ml volumetric flask were added 0.12 g of cetrimonium 
bromide, 1.0 ml of 1.3% (v/v) l-fluoro-2,4-dinitrobenzene 
in acetone, 9.0 ml of 2.5% sodium borate in water, and 10.0 
ml of an aqueous amine solution (1 x 10-4-1 X 10-3 M). 
After about five half-lives (Table I) a t  room temperature, 
1.0 ml of the solution was pipetted into 9.0 ml of a k100 
dilution of concentrated hydrochloric acid in dioxane. The 
absorbance was read in a 1-cm cell a t  the absorption 
maximum against a reagent blank carried through the 
same procedure. 


The absorption maximum was at 340 nm for the tyrosine 
derivative and at 350 nm for the other samples in Table I. 
Calibration plots were linear over the sample concentration 
range. 


According to Table I, the more hydrophobic reactants 
(the aromatic amino acids) gave much larger relative rate 
enhancements, as expected for micellar catalysis. All rat8 
enhancements are analytically useful, and this method can 
be applied with the reaction carried out at room temper- 
ature. This work provides the scope for further study of 
this analytical system and of the potential applications of 
micellar catalysis to other analytical reactions. 


( 1 )  d. H. Fendler and E. J. Fendler, “Catalysis in Micellar and Mac- 
romolecular Systems,” Academic, New York, N.Y., 1975. 


(2)  C. A. Bunton, in “Applications of Biochemical Systems in Organic 
Chemistry,” vol. X, Part 2 of “Techniques of Chemistry,” J. B. Jones, C. 
-1. Sih, and D. Perlman, Eds., Wiley-Interscience, New York, N.Y., 1976, 
chap. 4. 
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Desmethyldiazepam: 
A Specific Radioimmunoassay 


Keyphrases Desmethyldiazepam-radioimmunoassay Radioim- 
munoassay-desmethyldiazepam Diazepam, desmethyl metabo- 
lite-radioimmunoassay Benzodiazepines-desmethyldiazepam, ra- 
dioimmunoassay 


To the Editor: 
Desmethyldiazepam, a 1,4-benzodiazepine, has partic- 


ular clinical significance because it is a pharmacologically 
active metabolite of diazepam and several other benzodi- 
azepines (1). Thus, blood levels of desmethyldiazepam and 
the parent compounds are import.tnt parameters in the 
pharmacokinetic understanding of .i nxiolytic drug therapy 
and in the biopharmaceutical evaluation of different drug 
formulations. 


Although many analytical procedures, primarily 
employing electron-capture GLC and high-performance 
liquid chromatography, have been reported for the quan- 
titation of desmethyldiazepam in blood or plasma, none 
achieves the high sample throughput attainable with ra- 
dioimmunoassay in which the compound may be measured 
directly in microsamples. Radioimmunoassay is particu- 
larly advantageous in bioequivalency studies, where nu- 
merous samples may be generated, and in pharmacokinetic 
studies in the neonate, where a limited sample volume is 
available for analysis. We now report the development of 
a specific radioimmunoassay for desmethyldiazepam 
which satisfies the requirements for both high throughput 
and small samples. 


The hapten 7-chloro-1,3-dihydro-5-(4-hydrazinocar- 
bonylmethoxyphenyl)-2H-1,4-benzodiazepin-2-one was 
converted to its reactive acyl azide with nitrous acid and 
was coupied covalently to bovine serum albumin as de- 
scribed previously (2). The immunogen consisted of 15 
moles of hapten covalently coupled to 1 mole of albumin. 


Rabbits were immunized intradermally, and the antiserum 
with the highest titer (1:7500 dilution) of antibodies to 
desmethyldiazepam was used for all studies. 


The radioligand 9-3H-desmethyldiazepam was prepared 
by catalytic exchange of 9-iododesmethyldiazepam with 
tritium gas. The reaction was carried out in tetrahydro- 
furan containing 0.5% triethylamine with a 10% palla- 
dium-on-charcoal catalyst. After removal of the labile 
tritium by repeated freeze drying from methanol, the re- 
action product was chromatographed on a silica gel column 
packed in ethyl acetate. The appropriate fractions were 
combined to yield 9-3H-desmethyldiazepam with a specific 
activity of 26.5 Ci/mmole. 


The radioimmunoassay was identical to that described 
recently for diazepam (3). A logit-log calibration curve for 
desmethyldiazepam was linear from 30 to 2000 pg/tube; 
thus a working sensitivity limit of 3 ng/ml was achieved 
using a 10-pl plasma sample. This sensitivity is comparable 
to that achieved by electron-capture GLC with a 1-ml 
sample. The intra- and interassay coefficients of variation 
did not exceed 6 and 11%, respectively. 


The specificity of the antiserum was evaluated by 
cross-reactivity studies with those drugs and/or their 
metabolites of which desmethyldiazepam is a known me- 
tabolite. Diazepam, chlordiazepoxide, desmethylchlordi- 
azepoxide, demoxepam, prazepam, and medazepam all 
cross-reacted less than 1% relative to desmethyldiazepam 
(100% cross-reactivity). Clorazepate exhibited an apparent 
cross-reactivity of >50%, which undoubtedly was due in 
part to its decomposition to desmethyldiazepam during 
the assay incubation period. Tricyt lic antidepressants, 
commonly prescribed in conjunction with benzodiazepines, 
did not cross-react with the antiserum. 


Further evidence for the specificity of the radioimmu- 
noassay was obtained by comparison with an established 
electron-capture GLC method for the determination of 
desmethyldiazepam (4). The joint determinations of 
desmethyldiazepam in 30 plasma samples from subjects 
who had received various doses of clorazepate or diazepam 
were subjected to linear regression analysis by a method 
(5) using a 95% confidence ellipse. Over a nearly 300-fold 
desmethyldiazepam concentration range (24-6400 ng/ml), 
the correlation coefficient, regression line slope, and y -  
intercept were 0.998, 1.07, and -5.8, respectively. Thus, 
the radioimmunoassay measures desmethyldiazepam as 
precisely and specifically as the electron-capture GLC . 
met hod. 
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Equation 11 yields Eq. IV-2 after addition of its two 
terms. 


5. Substitution of Q for QGT)  in Eq. V-1 shows that the 
sum of its first two terms becomes identical to Eq. IV-1, 
except for the difference between FXok,/(Vlz, - Q) and 
Xo/V. Correspondingly, the first term in Eq. V-2 is equal 
to Eq. IV-2 (except for X o / V  # FXok,/(  Vka  - Q). The 
third term in Eq. V-1 becomes the second term in Eq. V-2 
after substitution of Q for Q ( t ) .  


Thus, it appears that for all of the input modes consid- 
ered, the equations commonly used for the one-compart- 
ment model with constant clearance represent only par- 
ticular cases of the corresponding equations involving a 
time-dependent clearance. This direct correspondence 
provides further validation of the equations proposed to 
describe drug levels when metabolic clearance increases 
exponentially. 


( 1 )  R. H. Levy, M. S. Dumain, and J. L. Cook, J.  Pharmacokinet. 
Hiopharm., in press. 


(2) R. H. Levy, A. A. Lai, and M. S. Dumain,J. Pharm. Sci., 68,398 
(1979). 
(3) W. H. Pitlick, R. H. Levy, A. S. Troupin, and J. R. Green, ibid., 65, 


462 (1976). 
(4) R. H. Levy, W. H. Pitlick, A. S. Troupin, and J. R. Green, in "The 


Effect of Disease States on Drug Pharmacokinetics," L. Z. Benet, Ed., 
American Pharmaceutical Association, Washington, D.C., 1976, pp. 
87-95. 


(5)  W. H. Pitlick and R. H. Levy, J.  Phorrn. Sci., 66,647 (1977). 
(6) A. A. Lai, R. H. Levy, and R. E. Cutler, Clin. Pharmacoi. Ther., 


34,316 (1978). 
( 7 )  A. A. Lai and R. H. Levy, J .  Phorm. Sci., 68,416 (1979). 


Rend H. Levy 
Martin S. Dumain 
Departments of Pharmaceutical 


Schools of Pharmacy and Medicine 
University of Washington 
Seattle, WA 98195 


Sciences and Neurological Surgery 


Received February 26,1979. 
Accepted for publication April 18, 1979. 
Supported by National Institutes of Health Research Grants N01- 


NS-1-2282 and N01-NS-6-2341. 


Cetaben Sodium, an 
Antiatherosclerotic Agent 


Keyphrases 0 Cetaben sodium-synthesis, antiatherosclerotic activity 
0 Antiatherosclerotic agents-cetahen sodium, synthesis 0 Sodium 
. I - (  hexadecylamino) benaoate--synthesis, antiatherosclerotic activity 


To the Editor: 
We wish to report the synthesis of cetaben sodium [so- 


dium 4-(hexadecylamino)benzoate], a substance that 
shows promise as an antiatherosclerotic agent. 


Ethyl 4-(hexadecylamino)benzoate (mp 85-86') was 
prepared (yield 65-85%) from hexadecyl bromide or 
mesylate and 2 moles of ethyl 4-aminobenzoate at  135' in 
hexamethylphosphoric amide. Of the liquid amides, hex- 


CH,,(CH,)15-~*COONa 


cetaben sodium 


amethylphosphoric amide was the best reaction solvent 
(faster rate and fewer by-products); however, some di- 
alkylation did occur. With dimethylformamide or N,N- 
dimethylacetamide at  135-150" as solvents, N-formyl and 
N-acetyl products were obtained as well as some 44hex- 
adecy1amino)-N,N-dimethylbenzamide by-product. 
Among various alternative synthetic methods, the dibo- 
rane reduction of ethyl 4-(hexadecanoy1amino)benzoate 
gave ethyl 4-(hexadecylamino) benzoate in good yield and 
can be used for preparing various isomers and analogs. 


Cetaben sodium can be obtained directly from the 
quantitative alkaline hydrolysis of the ester but is generally 
prepared from 4-(hexadecy1amino)benzoic acid (double 
mp 108-110 and 126-128') since the latter is more easily 
purified. This salt, which is moderately soluble (about 2%) 
in 75% alcohol, is crystallized from a solution of the acid 
and a slight sodium hydroxide excess in aqueous ethanol 
in 95% yield. 


The 4-(alky1amino)benzoic acids (1) are substantially 
less toxic and more hypolipidemic than the 4-alkoxyben- 
zoic acids (2, 3) and 4-alkylbenzoic acids (3). Extensive 
studies have elucidated the structure-activity relationships 
in the aminobenzoic acid series, which are different from 
those in the alkoxybenzoic acids. The tabulated data show 
the hypolipidemic activity of representative aminobenzoic 
acids as well as of clofibrate under the same test conditions 
(Table I). The hypocholesterolemic activity falls off as the 
alkyl chain is increased to 20 or decreased to eight carbon 
atoms (1). However, the hypotriglyceridemic activity is 
relatively unaffected by the alkyl chain length. Cetaben 
is also the most effective member of the series in inhibiting 
14C-acetate and :%H-glycerol incorporation into liver tri- 
glycerides, phospholipids, and cholesterol in rats. It is not 
esterogenic, and its hypocholesterolemic mechanism of 
action does not involve inhibition of a late stage in cho- 
lesterol biosynthesis. Hypocholesterolemic activity has 
been demonstrated also in the rabbit and monkey. 


The considerable therapeutic potential of cetaben is 
suggested by its activity in two experimental atheroscle- 
rosis models in laboratory animals. First, cetaben sodium 
was shown to possess antiatherosclerotic activity in a 
rabbit model (4). Average reductions of 32-73% in the in- 
cidence of atherosclerotic lesions and of 24-28% in ab- 
dominal aortic cholesterol accumulation were observed in 
treated animals a t  doses below those that were hypolipi- 
demic'. The reductions in aortic cholesterol were essen- 
tially all due to the decreases in cholesterol ester. 


Second, Hollander et al. (5) reported on the antiath- 
erosclerotic activity of cetaben sodium in the cynomolgus 
monkey. Serum cholesterol concentrations were reduced 
by 37% in the treated animals as compared to controls fed 
the atherogenic diet alone. This change was reflected in an 
altered lipoprotein distribution with decreases in very low 
density lipoproteins (by 30%) and low density lipoproteins 
(by 38%) but an increase in high density lipoproteins (by 
96%). Such a shift in lipoprotein concentrations in humans 
is considered to be antiatherogenic (6, 7). Antiathero- 
sclerotic activity was manifested by changes in the disease 
incidence and severity as well as in the chemical compo- 
sition of the lesions present in the drug-treated mon- 
keys. 


1 A. S. Katocs. Jr,, and S. A. Schaller, unpul)lishect results. 
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Table I-Hypolipidemic Effect of 4 4  n-Alkylamino)benzob 
Acids and Clofibrate in Normal Rats 


Oral 
Dose in Percent Lowerha* 


n-Alkyl 
Group 


- 
Diet", of Serum 


mglkglday Sterol Triglyceride 


c12 


c14 


(cetab 


ClS 


Clofibrate 


:n) 


86 
47 
25 
82 
46 
23 
89 
64 
42 
22 
10 
91 
48 
23 


375 
106 
33 


11' 
20e 
14/ 
9 
9 
9 


44d 
30d 
26d 
27; 
27 
18a 
6 


141 
26d 


5 
0 


Md 
60d 
49d 
47d 
49d 
36d 
6gd 
48f 
40f 
381 
2gd 
40e 
28c 
2gC 
43c 
30 
32 


0 The method used was described in detail in Ref. 2. Oral dosing was hy normal 
rat chow containing drug; 0.05% in the diet corresponds to a measured average daily 
dosage of 46 mg/kg. c lc .  * Percent lowering of the mean serum concentrations rel- 
ative ti) the mean values in control animals in the same test; control groups averaged 
75 f 3 mg % sterol and 85 f 6 mg o/c triglyceride. The significant level ( p ) ,  deter- 
mined by the Student f test, is denoted by the appropriate footnote. Numbers 
without a fkdnole are not statistically signiticant lowerings. p < 0:O.i. p < 0.M)I. 
pp <0.005. r p  < 0.02. Y p < 0.01. 


Most important was the presence of only half as much 
luminal narrowing in four major coronary arteries (5). 
Accompanying this effect on lumen size were increases in 
myocardial blood flow in the nonstressed and stressed 
heart. In the stressed heart, regional blood flow toward the 
endocardium was improved as well. Reductions in luminal 
narrowing and incidence of atherosclerotic lesions also 
were seen in several major peripheral arteries. In the aortas 
of treated monkeys, average 48% reductions in cholesterol 
accumulation resulted predominantly from decreases in 
esterified cholesterol. Additionally, there was complete 
prevention of a 2.5-fold calcium increase in the aortic wall 
and a 70% inhibition of the increase in aortic fibrous con- 
nective tissue. Up to now, such pronounced therapeutic 
effects on this atherosclerosis model (5,8,9) have not been 
reported with any other drug. 


The reduced cholesterol ester content in the rabbit and 
monkey aortas may result from cetaben inhibition of the 
cholesterol-esterifying enzyme in the aortic wall. With a 
cell-free preparation of fatty acyl-Cd: cholesterol acyl 
transferase (ACAT) from rabbit aortas, cetaben sodium 
substantially inhibited the enzyme at  therapeutically ob- 
tainable concentrations' (-5 pg/ml). This effect is espe- 
cially significant in view of the greater proportion of es- 
terified to free cholesterol in atheromatous lesions in hu- 
mans (10) as well as the lower experimental reversibility 
of ester deposition in rabbits (1 1). 


In a series of papers, we shall fully report on the bio- 
logical activity described here and elaborate the struc- 
ture-activity relationships of alkyl size; branching, cycli- 
zation, substitution, and unsaturation of the alkyl group; 
further substitution of the amino nitrogen and its position 
isomers; additional substitution on the benzene ring and 
its replacement with other rings; and carboxyl group der- 
ivatization, modification, and extension. 


Effective atherosclerosis therapy probably will require 
drugs that have several modes of action such as those dis- 


played by cetaben sodium. Cetaben sodium is now 
undergoing clinical trials as an antiatherosclerotic agent 
in humans. 
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pKa of 2-Methylamino-5-chlorobenzophenone, a 
Diazepam Hydrolysis Product 


Keyphrases 0 Methylaminochlorobenzophenone-pKa, diazepam 
hydrolysis product, structure-activity relationships Diazepam- 
hydrolysis products, methylaminochlorobenzophenone, pKa, struc- 
ture-activity relationships Structure-activity relationshipsaiazepam 
hydrolysis products, pKa 


To the Editor: 
The compound 2-methylamino-5-chlorobenzophenone 


(I) is the aromatic product of diazepam (11) hydrolysis in 
acidic aqueous solution (1). I t  was of interest to estimate 
the pKa of I because of its importance in kinetic stability 
and analytical studies of prazepam (2) and I1 (1,3-8). 


The pKa of I' was determined spectrophotometrically2 
a t  25' at 415 nm in a concentration of 4.07 X M (10 
kg/ml). All samples contained 7% (v/v) ethanol. The pH 
was varied by preparing samples in 0.02-0.40 N HCI. The 
spectrum of the conjugate acid was obtained in 60% (w/w) 
H 2 S O 4  (Ho = -4.4), and that of the nonionized base was 
obtained in buffers of pH 7.20 and 9.23. The conjugate acid 
species showed no absorbance at  415 nm, and the base had 
an absorbance of 0.23. The other spectral characteristics 
included decreasing absorbance at  410-420 nm and a 
hypsochromic shift from -268 to 238 nm with increasing 


Ho 5-4365, lot PP-4 Hoffmann-La Roche, Nutley. N.J. 
2 Beckman DH-CT grating spectrophotometer, Beckman Instruments, Fullertctn, 


Calif. 
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pulsion between the resin and the ion as the net charge difference in- 
creased. The resin introduced an additional driving force, which reduced 
the activation energy required for each ion to  permeate the mem-’ 
brane. 
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Abstract An animal model used yeast-fevered rats to measure the 
relative antipyretic effects of different commercially available acetami- 
nophen-containing suppositories. A laboratory-prepared acetamino- 
phen-containing suppository and placebo suppositories also were in- 
vestigated, Release from the suppositories was measured in vitro. All 
acetaminophen products containing 600 mg of drug elicited significant 
decreases in the rectal temperature of fever-induced rats. 


Keyphrases 0 Antipyretic agents-acetaminophen, suppositories, rats 
Acetaminophen-antipyretic effects, suppositories, rats 0 Dosage 


forms, solid-suppositories, acetaminophen, antipyretic effects, rats 
~ 


The antipyretic effect of acetaminophen is well known. 
However, formulation factors can influence the rate and 
extent of acetaminophen bioavailability from rectal dosage 
forms (1-5). Drug release from suppository vehicles is 
necessary before absorption can occur. Acetaminophen 
release from various polyethylene glycol vehicles appears 
to be related to its solubility in the vehicle, which, in turn, 
is related to vehicle dielectric properties (1 ,2) .  Different 
formulations of polyethylene glycol suppositories show 
fairly wide variation in total urinary acetaminophen ex- 
cretion due to differences in absorption patterns of the 
rectally administered acetaminophen (1). 


The use of rectal suppositories for systemic acetami- 
nophen administration has been the subject of recent 
studies in humans. The results from a well-controlled, 
double-blind study in humans indicated no significant 
differences in antipyretic effect between acetaminophen 
administration of a hospital pharmacy -prepared suppos- 
itory and a commercially available tablet dosage form (4). 
However, large differences in acetaminophen bioavail- 
ability from suppositories prepared in two different hos- 
pitals were found when they were compared to a com- 
mercial rectal product in a urinary excretion study using 


human subjects (5). The large differences found in the 
relative bioavailability, peak excretion rates, and times of 
peak action between the hospital-manufactured acet- 
aminophen suppositories themselves and the commercially 
obtained product prompted the investigator to suggest the 
need for in uiuo testing of hospital-prepared suppositories 
(5). 


The purpose of this study was to compare in uiuo the 
antipyretic effects of five different generic acetaminophen 
suppository products purchased from different commercial 
sources with acetaminophen-containing and placebo 
suppositories prepared in this laboratory. The animal 
model used was a modified version of a previously reported 
in uiuo method for measuring the antipyretic effect of as- 
pirin in rats (6). 


EXPERIMENTAL 


Reagents and Equipment-Petrolatum1, polyethylene glycol 15402, 
polyethylene glycol 60002, polyethylene glycol 4002, acetaminophen3, 
brewer’s yeast4, and ether5 were used as supplied. 


Acetaminophen suppositories, A-E6, were obtained from commercial 
sources. 


The equipment used included a rectal thermometer7, thermistor 
probes, wound clip applierg, and 9-mm wound clips1o. 


Matheson, Coleman and Bell, Norwood, OH 45212. 
J. T. Baker Chemical Co., Phillipsburg, NJ 08865. 
Lot 7032-LSR-43, S. B. Penick, Lyndhurst, NJ  07071. 
E. R. Squibb & Sons, Princeton, NJ 08540. 
Mallinckrodt, St .  Louis, MO 63147. 
Product A, Westward, Inc., Eatontown, N J  07724; Product R, American Qui- 


nine, Hospital Division of Natcon Chemicals, Plainview, NJ 11803; Product C, 
Consolidated Midland Corp., Brewster, NY 10509 Product D, Reiss Williams Co., 
Division of G & W Laboratories, Port Reading, Nd 07064; and Product E, 
Upsher-Smith Laboratories, Minneapolis, MN 5541 5. 


Model 47TD. Yellow S rings Instrument Co., Yellow Springs, Ohio. 
Series T2  605, Yellow Jprings Instrument Co., Yellow Sprin s, Ohio. 
Model 7630, Clay Adams, Division of Becton, Parsippany, I& 07054. 


l o  Clay Adams, Parsippany, NJ 07054. 
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Table I-Antipyretic Effect of Various Acetaminophen Suppository Products  Administered Rectally in Yeast-Fevered Rats 
- 
X Predrug Time Postdrug 


Product Temperature 0.5 hr 1.0 hr 2.0 hr 3.0 hr 4.0 hr 5.0 hr 6.0 hr 


A 39.38'' 1.62 f 0.259" 2.25: * f 0.217' 1.95* f 0.242' 1.37 f 0.436' 0.983 f 0.489" 0.695 f 0.500' 0.261 f 0.411' 
B 39.49' 1.43* f 0.076O 2.00: It 0.166' 2.14: f 0.109' 2.26* f 0.146' 1.64' f 0.229' 1.13 f 0.321' 1.05 f 0.310' 
C 39.33O 1.88: f 0.109' 2.11; f 0.142' 2.01: f 0,173' 1.35: f 0.226' 1.15 f 0.337' 0.943 f 0.427' 0.990 f 0.400' 
1) 39 49' 2-01: 0.264O 2.26: b & 0,227' 2.10: & 0.134' 1.66: f 0.159' 1.26* f 0.235' 0.880 f 0.280' 0.992 f 0.388' 


~ ~ ~ _ .  - .  ~-~ ~ ~- ~ - ~ __. ~ ~ . .  ~. ~~. ~ _ _ _  - _ _  
E 39.34' 2.00' f 0.368O 2.40* f 0.565' 2.28: f 0.191' 1.87: f 0.221' 1.56* f 0.195' 1.13 f 0.297' 0.998 f 0.382' 
F 39.38O 1.40 f 0.228' 1.90' f 0.226' 1.94' f 0.244' 1.63' f 0.332' 1.19 f 0.400' 0.934 f 0.368' 0.590 f 0.256' 
Prestudv 39.61' 0.946 f 0.384' 0.710 f 0.123' 0.710 f 0.181' 0.500 f 0.292' 0.378 f 0.331' 0.368 f 0.326' 0.448 f 0.161' 


control 


control 


control 


Poststudy 39.30' 0.563 f 0.100" 0.526 f 0.102" 0.155: f 0.048' 0.036: f 0.061' 0.008 f 0.032' 0.071 f 0.039' 0.081 f 0.066' 


Combined 39.41' 0.737 f 0.108' 0.610 f 0.065' 0.407 f 0.097' 0.247 f 0.097' 0.167 f 0.089' 0.206 f 0.080' 0.248 f 0.096' 


0 Values are mean decreases in temperature f SE. The asterisk (*) indicates significant difference ( p  = 0.0s) from prestudy control. * Maximum temperature de- 
crease. 


Pharmacology and  Methodology-Male Sprague-Dawley rats, 
300-400 g, in groups of six were used for each of the five commercially 
obtained acetaminophen suppositories as well as for the laboratory- 
manufactured acetaminophen and control suppositories. T o  examine 
the variations due to tests run on different days, the control suppositories 
were tested twice. The first group of control suppositories was tested prior 
to the main study; and the second control group was tested afterward. 
A rectal thermometer7 was used to obtain rat rectal temperatures. 


The ambient temperature of each rat  was obtained before inducing 
fever by inserting a prewarmed (38'), lubricated thermistor rectal probe 
exactly 4 cm into the rectum for 45 sec. Accurate probe insertion to the 
exact distance was critical to obtain reproducihle results. The animal was 
lightly anesthetized with ether5. Fever was induced by 20 mlhg  of a 20% 
aqueous suspension of brewer's yeast4, which was injected subcutaneously 
into the hack below the nape of'the neck (6). 


Food was then withheld from the animals, but water was available ad  
libitum for the rest of the experiment. Room temperature was maintained 
at  23'. Room lighting was maintained from 7:OO am to 7:00 pm and turned 
ot'f from 7:OO pm to 7:OO am. Rectal temperatures were obtained a t  about 
the same time each day throughout this study. Twenty-four hours after 
the yeast injections, the rectal temperature was recorded for each rat. The 
rat was then anesthetized with ether, and the appropriate modified 
suppository was inserted rectally. A wound clip was applied to the rectal 
opening to prevent its expulsion. 


The animal was returned to its cage between temperature recordings. 
Rectal temperature readings were obtained a t  0.5 and 1 hr and hourly 
thereafter for 6 hr after administration of the modified suppository. 
Hectal temperatures were obtained as described previously, except that 
the thermistor probe was inserted from above or below the wound clip 
depending on which direction facilitated a more direct probe insertion. 
For each animal, the probe was inserted from the same direction for every 
temperature reading. 


All commercially obtained suppositories (A-E) and those manufac- 
tured in the laboratory (F) were adult size; each contained 600 mg of 
acetaminophen. To test for antipyretic activity in rats, each suppository 
was reduced to one-fourth of its original size. I t  was quartered with a 
scalpel longitudinally and weighed. All quartered suppositories were 
within 25-2770 of their original weight. The control placebo suppositories 
( G )  contained no drug and were quartered in the same manner. 


The laboratory-manufactured suppositories (F) were prepared by 
incorporating sufficient analytical grade acetaminophen into the vehicle 
so that each suppository contained 600 mg of drug. They were made by 
the fusion process using the double pour technique (7). The control 
suppositories ( G )  were prepared by the fusion process and contained no 
drug. The control suppository and the laboratory-manufactured sup- 
pository vehicle contained polyethylene glycol 1540 (34%), polyethylene 
glycol 6000 (46%), and polyethylene glycol 400 (20%). 


RESULTS AND DISCUSSION 


Subcutaneous injections of aqueous brewer's yeast suspensions induced 
fever in 60 rats, from a preinjection mean rectal temperature of 37.8' (SE 
= 0.049) to a 24-hr postinjection rectal temperature of 39.4' ( S E  = 0.034). 
The temperature elevations induced by the brewer's yeast injection agree 
with those reported previously (6). 


The results (Table I and Fig. 1) on rat rectal temperatures were ob- 
tained when the five commercially obtained products (A-E) and the 
laboratory-manufactured acetaminophen suppositories (F) were com- 


pared to control placebo suppositories (G) .  Since each product was tested 
on a different day, the controls were tested both on a prestudy day and 
on a poststudy day to examine the influence of day-to-day variability 
(Table I). 


There were no significant differences between the prestudy and 
poststudy controls a t  0.5,1,4,5, or 6 hr. At 2 or 3 hr, the poststudy con- 
trols exhibited smaller temperature decreases in the yeast-fevered rats 
than the prestudy controls. Use of the poststudy controls would have 
given a larger difference in temperature between the controls and the 
products tested. For this reason, the prestudy controls were used for 
statistical comparison to the products as a conservative estimate of sig- 
nificant antipyretic effect. 


The Student t test was used to determine significant differences (p 
< 0.05) for the control uersus the products. At 0.5 hr after drug admin- 
istration, Products H-E elicited significant decreases in rat rectal tem- 
peratures but Products A and F did not. This finding indicates a slower 
onset of action for Products A and F since both differed significantly from 
controls a t  1 hr after drug administration. A t  1 and 2 hr, all products 
elicited significant decreases in rectal temperatures. At 3 hr, all products 
except A continued to maintain lowered rectal temperatures. At 4 hr, only 
B, D, and E still elicited significant lowering of rat rectal temperatures. 


100. 


931 0.6 1.0 2.0 3.0 4.0 5.0 6.0 
HOURS AFTER DRUG ADMINISTRATION 


Figure 1-Mean percent of To f<Jr six rats [(temperature at tltem- 
perature a t  ta) X loo] versus time t i n  hours postinsertion of supposi- 
tory. Key: 0, Product A; 0, Product R; *, Product C; ., Product D; 0,  
Product E; *, Laboratory Product F; and 0, placebo control, G. 
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By 5 and 6 hr, none of the products elicited any significant antipyretic 
effect. 


When the various commercial acetaminophen suppositories (A-E) were 
compared to each other and to the laboratory-prepared product (F), no 
significant differences in antipyretic response were found at 0.5,1,2,4, 
5, and 6 hr. A t  3 hr, there were no significant differences among Products 
C-F; however, Products A and B showed some differences. Product B 
showed i t s  maximum effect a t  3 hr (Table I )  and exhibited the slowest 
onset of action; Product A was indistinguishable from the controls at 3 
hr and thereafter, thus providing the shortest duration of action. 


The magnitude of the variability, as indicated by the standard error 
( S E )  (Table I), differed among products, with some showing more in- 
traproduct variability than others. Because of the large variability when 
compared with other products, Product A wm retested; the results were 
not significantly different from the original results. Product A showed 
a marked variability uia visual examination in consistency and coloration 
when quartered longitudinally. Uniform drug distribution is essential 
for consistent absorption; and since pnly one-fourth of the suppository 
was inserted rectally into the animal, the lack of homogeneity and uni- 
formity among Product A suppositories may account for the large vari- 
ability in effect. 


All five commercial products were stated to contain polyethylene glycol 
vehicles, but none listed the types or percentages of polyethylene glycol. 
Thus, a comparison of the differences in effect among formulations was 
not possible. The differences in the polyethylene glycol vehicle formu- 
lations, as well as other formulation factors, could account for the slight 
differences in the onset of action, duration of action, and time to reach 
peak antipyretic effect among the products tested. 


All products were obtained from commercial sources and were tested 
within their expiration dates, but their shelftime prior to purchase was 
not known. The laboratory-manufactured acetaminophen and control 
suppositories were prepared and used within 1 month of manufacture. 


Stability of the vehicles is an important consideration in efficacy. Agiig 
can influence the physical-chemical properties of the vehicle (3,8) and 
may have contributed to the slight differences in effect among the 
products tested. 


Correlation between in uiuo and in uitro results was previously reported 
for benzocaine suppositories (9). Similar in uitro testing of acetaminophen 
suppositories A-F did not show any significant differences in drug release. 
The effects of aging, the polyethylene glycol composition, and other 
manufacturing and formulation factors all could account for the slight 
differences among products in this study. Nevertheless, all products 
tested, including the laboratory-manufactured product, did decrease the 
rectal temperatures of the yeast-fevered animals significantly. This an- 
imal model was a viable method for studying the efficacy of rectally ad- 
ministered antipyretic agents. 
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Abstract 0 Acute experiments were performed on overnight fasted 
chloralose-urethan anesthetized dogs, cats, rabbits, and rats. Under these 
conditions, somatostatin practically abolished gastric contractions and 
decreased GI tonus in a11 species examined. The canine duodenum, je- 
junum, and ileum exhibited only a contractile response to somatostatin, 
whereas motor activities of the small intestines of the cat, rabbit, and rat 
were inhibited. In all instances and a t  all dosages, both the inhibitory and 
excitatory effects showed suggestions of tachyphylaxis. The data also 
indicate that excitatory or inhibitory effects were not dependent on the 
presence of long arc pathways. It is concluded that somatostatin exerts 
a direct stimulatory effect on the canine small intestine that is mediated 
by the muscularis mucosa. 


Keyphrases 0 Somatostatin-effect on GI motor activities, species 
specificity, dogs, cats, rabbits, rats 0 GI motility-somatostatin effect, 
species specificity, dogs, cats, rabbits, rats 0 Growth hormone inhibi- 
tors-somatostatin, effect on GI motor activities, species specificity, dogs, 
cats, rabhits, rats 


Intravenous somatostatin administration to the anes- 
thetized dog is associated with anatomically defined GI 
motor effects: gastric antrum relaxation and a generalized 
augmentation of the small intestine segmenting activities 
(1). Similar observations have been made in conscious 
dogs. 


Because more recent abstracts (2,3) documented similar 
observations for the canine small intestine, a series of ex- 
periments in four mammalian species was designed to 
determine the mechanism of the excitatory effect on the 
small bowel as well as its species specificity. 


EXPERIMENTAL 


Animals and  General Procedure-Acute experiments were per- 
formed on 15 mongrel dogs, four cats, four rabbits, and four adult male 
Sprague-Dawley rats. Following an overnight fast with tap water ad li- 
bitum, all animals were anesthetized by the intravenous administration 
of a mixture of a-chloralose (5%. dissolved in polyethylene glycol 200) 
and urethan (50% in 0.996 saline). Each animal was individually titrated 
to a surgical plane of anesthesia using this mixture. Anesthesia was 
maintained by individual administration of the chloralose-urethan 
mixture. 


Surgical  and Recording Procedures-In all species, a tracheal 
cannula was inserted to ensure airway patency or, when necessary, to 
maintain artificial ventilation with a positive pressure pump.The femoral 
artery was cannulated to record blood pressure. The ipsilateral vein was 
cannulated to permit either bolus or infusion administration of drugs and 
fluids. A midline laparotomy was performed. 


Recording balloons were inserted uia the oral route for gastric recording 
and retrograde via a stab wound in the ileum for small intestinal re- 
cording. Motor activities of the large intestine were monitored by surgi- 
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Figure 3-Dissolution plots of all four batches after 60-min pretreat- 
ment. Key: 0, Batch A; 0 ,  Batch B; 0,  Batch C; and A, Batch D.  


Table I11 shows that the number of tablets undissolved after 10 hr of 
dissolution with no pretreatment was greater for Product Y than for 
Product X. For Batches A and B with no pretreatment, all tablets tested 
were partially undissolved after 10 hr. Batch C similarly yielded four out 
of 10 undissolved, whereas the tablets in Batch D were totally dissolved. 
Pretreatment decreased both the number and size of undissolved tablet 
residues after 10 hr of dissolution. Overall, the 60-min pretreatment re- 
sulted in the fewest undissolved residues for all batches tested, suggesting 
it as the optimum pretreatment time. Furthermore, Product X appeared 
to perform in uitro better than Product Y with respect to  the number of 
undissolved tablet fractions at all pretreatment times. This finding 
supports the F test result, which indicated that Brand X performed 
significantly better in uitro than Brand Y ( p  = 0.05). 


SUMMARY 


Pretreated tablets yielded higher dissolution profiles than nonpre- 
treated tablets. The analysis of variance showed that pretreatment sig- 
nificantly increased the tablet dissolution profiles from all batches except 
Batch D at  the p = O.OOO1 level. Furthermore, Table 111 indicates that 
pretreatment in simulated gastric juice reduced both the number and 
the size of undissolved fractions. The 15-min pretreatment was adequate 
and was not statistically different from the other pretreatment periods. 
However, the 60-min pretreatment yielded higher dissolution profiles 


for all batches and fewer tablet residues. While the tendency for higher 
dissolution profiles cannot be supported statistically, this trend is con- 
sistent with the reduction in tablet residues after 10 hr of dissolution. 


A relationship between the pretreatment time and the tm reduction 
appeared to exist, suggesting that a similar relationship may exist in uiuo 
and should be studied. Product X performed better than Y, as indicated 
by higher dissolution profiles. The smaller tm% values for Product X 
(Table 11) support this argument. The F test using averages obtained after 
each time interval indicates that Product X was significantly better than 
Y a t  the p = 0.05 level. Furthermore, Table 111 shows that there were 
fewer undissolved tablet residues for Product X than for Product Y after 
10 hr of dissolution in simulated intestinal fluid. 


The batch ranking indicated that Batch C was the best batch irre- 
spective of the pretreatment times, and it was followed by Batch D. 
Batches A and B were interchangeable, although Batch A appeared to 
be better than B for the 60-min pretreatment, as indicated by the lower 
t ~ w  value. Since the conclusions are based on in uitro data, any extrap- 
olations to the biological system should be confirmed in uiuo. 
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Abstract 0 The aqueous solubilities of lincomycin and clindamycin 
2-palmitate esters are compared. Clindamycin 2-palmitate hydrochloride 
has an unusually high solubility at  25’, which is due to micelle formation. 
Both compounds are surface active with relatively low critical micelle 
concentrations. However, since the Krafft point of lincomycin palmitate 
is -43O, it does not form micelles below that temperature and appears 
to be quite insoluble until heated above 43’. The experimental mono- 
meric solubilities of the two compounds agree with calculations based 
on group contributions to lipophilicity. Clindamycin 2-palmitate hy- 
drochloride solutions are quite sensitive to ions, being salted out as un- 
protonated base in the form of oily droplets. Salting out correlates well 


with anionic strength, which is quite constant for the various salts studied. 
A viscosity maximum occurs with increasing salt addition, with the peaks 
of the different salts occurring a t  the same anionic strengths. 


Keyphrases Lincomycin-palmitate ester, aqueous solubility, pH, 
temperature, micelle formation Clindamycin-palmitate ester, 
aqueous solubility, pH, temperature, micelle formation 0 Antibacterial 
agents-lincomycin, palmitate ester, aqueous solubility, pH, temperature, 
micelle formation 0 Antibacterial agents-clindamycin, palmitate ester, 
aqueous solubility, pH, temperature, micelle formation Aqueous sol- 
ubility-lincomycin and clindamycin palmitate esters 


Lincomycin and clindamycin are medium spectrum 
antibiotics whose hydrochloride salts are quite soluble in 
water. Both compounds have a bitter taste which is diffi- 
cult to mask. Since clindamycin hydrochloride is consid- 


erably more bitter than lincomycin hydrochloride, chem- 
ical modification was required to make.an acceptable liq- 
uid dosage form. A variety of prodrug esters were synthe- 
sized to reduce or eliminate the bitter taste of these anti- 
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Table I-Aqueous Solubility of Lincomycin and Clindamycin 2- 
Palmitate Hydrochloride a t  24.3" 


I I1 
PH" Solubility, mg/ml pH" Solubility, mg/ml 


2.3 0.124 3.7 53.2 
- - 5.8 <0.001 
7.4 0.0249 7.4 <0.0002 


a Saturated solution pH at the end of the equilibration period. 


biotics (1,2). The esters are inactive until enzymatically 
hydrolyzed, which occurs readily in uiuo, providing rea- 
sonably good blood levels of the parent compounds. 


With respect to taste, stability, and bioavailability, 
lincomycin 2-palmitate hydrochloride (I) and clindamycin 
2-palmitate hydrochloride (11) are the most useful of the 
prodrugs synthesized. This study explores some of the 
unusual solution properties of these esters, including 
surface activity, pH-solubility relationships, and sensi- 
tivity to ions. 


EXPERIMENTAL 


Materials-Compounds I and I1 were obtained from research stock 
and were used as received for the solubility studies. For surface activity 
measurement, I1 was purified by column chromatography. A concentrated 
aqueous I1 solution was eluted through a silica gel column with a solvent 
system of hexane-2-pentanone-pyridine (49:49:5). The filtrate was 
monitored by TLC, and a narrow fraction containing the main component 
was collected. The hydrochloride salt was formed by addition of chloro- 
form saturated with hydrogen chloride gas. The product was precipitated 
by slow acetonitrile addition, filtered, washed with additional acetonitrile, 
and dried under vacuum at  ambient temperatures. 


0 


I 
CH ,CHLCH, 


.c1 


0 
I1 


Anal.-Calc. (when corrected for water): C, 58.35; H, 9.22; N, 4.00, C1, 
10.136 S, 4.58. Found: C, 57.92; H, 9.17; N, 3.91; C1,10.46; S, 4.42; H20, 
2.25. 


Flavored I1 granules were obtained from regular production stock. All 
electrolytes, solvents, and other chemicals were reagent grade. 


Solubility Determination-An excess of the compounds was added 
to double-distilled water in tightly capped tubes and equilibrated for 2 
or more days at  24.3 f 0.3' using an oscillating shaker a t  18 cpm. 


A portion of the samples was filtered through medium glass frit funnels 
and again through 0.22-pm membrane filters'. The natural pH of the 
filtrates was measured with a pH meter2. The remaining unfiltered sus- 
pensions were each titrated with 1.0 N NaOH to -pH 10, equilibrated 
for 2 or more days at  24.3', and then filtered as before. 


The solubility-temperature study on I was conducted in a constant- 
temperature bath3 equipped with a sample holder that rotated at  6 rpm. 
The solutions were filtered through a preheated glass filtering apparatus4. 
Portions of the filtrate were transferred to vials with a preheated pipet. 
The solutions were either freeze dried and then redissolved in internal 
standard solution or extracted with chloroform after the aqueous solu- 
tions were made basic with sodium bicarbonate. The chloroform solutions 
were assayed by CLC using the conditions described previously (3.4). 


Surface Tension Measurement-A stock purified I1 solution was 
prepared in double-distilled water a t  M. Serial dilutions were made 
so that each successive solution had a concentration one-half that of the 
previous solution. The surface tension of each solution was measured at 
25' in an automated drop-volume apparatus described earlier (5 ) .  The 
surface tension of the same solutions also was measured with a Wilhelmy 
plate apparatus5. 


Viscosity Measurement-Twenty-four grams of flavored granules 
containing I1 at  a concentration of 37.5 mg of clindamycin activity per 
gram was added to 60-ml clear flint bottles. Stock electrolyte solutions 
were made from reagent grade salts and deionized water to give final 
concentrations of 6000 mghiter. 


These stock solutions were diluted to give a series of solutions with salt 
concentrations ranging from 100 to  6000 mghiter. Forty-five milliliters 
of each salt solution was added to  the bottled granules and shaken to 
obtain complete dissolution. Observations and measurements were made 
after standing a t  room temperature. Viscosity was measured using a 
viscometer6 with a No. 2 spindle a t  12 rpm. 


RESULTS AND DISCUSSION 


Comparative Solubilities of I and 11-The solubilities obtained for 
I and I1 are shown in Table I. The solubility of I1 in the acid range was 
abnormally high (400-fold greater than I). It should actually be lower than 
I since the substitution of a chlorine group for a hydroxyl is expected to 
lower the aqueous solubility. At the very least, the solubilities should be 
about equal if the solvated protonated amine group dominates over 
lipophilic differences at  C7. This apparent anomaly was due to micelle 
formation by 11, which occurs only in the protonated state. This phe- 
nomenon will be discussed more fully in the following section. 


At  pH 7.4 in the nonmicellar region, the solubilities of the two com- 
pounds differed in the "right" direction, i.e., I was more soluble than 11. 
The relative solubilities of I and I1 at this pH can be calculated from group 
contributions to lipophilicity (6). On this basis, one would expect I to be 
more water soluble (less lipophilic) than 11. With the Hansch equa- 
tion: 


log - = a log P t b (Eq. 1) 


where S is the molal solubility of the compound in water, P is the partition 
coefficient between 1-octanol and water, and a and b are conatants, the 
solubility ratio of I and I1 can be obtained by combining their respective 
equations: 


log 5 = d o g  PI1 - log PI) (Eq. 2) 


1 
S 


Sn 
The effect of group substitution on the partition coefficient can be 
evaluated using substituent constants: 


A, = log P, - log PH (Eq. 3) 


1 Tvpe GS11, Millipore Corp., Bedford. Mass. 
2 Model NX. Sareent-Welch Scientific Co.. Skokie, Ill. 
3 Constructed a tyhe  Upjohn Co., Kalamazoo, Mich. 
4 Medium glass frit funnel fitted with ground glass joints to a suction flask with 


6 Rosano surface tensiometer, Federal Pacific Electric Co., Newark, N.J. 
6 Model LVF, Brookfield Engineering Laboratories, Stoughton, Mass. 


an upward extended sidearm. 
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Table 11-Critical Salting-Out Concentrations of Electrolytes 
for Clindamycin 2-Palmitate Hydrochloride 


Molar Ionic Anionic 
Salt Concentration Strength Strength 


60 


60- 
% OI 


40- i c 


NaqSOI 0.014 0.042 0.056 


- 


NaCl 0.052 0.052 


1- z 
>' c 


1 -  


0.1- 


0.052 
0.068 
0.064 
0.054 
0.052 


I 
I 


I 


I 


Eatimated monomer solubilitv 
I from CMC. 
I Calculated rolubility. - '., \ 


\ I 
'\ ' 


\\ *\ 


KCl 0.054 0.054 0.054 
NaHC03 0.024 0.024 0.024 


where P, is the partition coefficient of a derivative and PH is that of the 
parent molecule. When the appropriate constants are substituted into 
Eq. 2: 


(Eq. 4) 


Taking established values for the constants (6) gives: 


(Eq. 5) s1 


Sli 
log - = 1.339 (0.39 + 1.16) 2.075 


and: 


(Eq. 6) 


Thus, I should be 119 times more soluble than 11. The experimental sol- 
ubility ratio in Table I a t  pH 7.4 is (0.0249/<0.0002) 1 125, which is a close 
approximation of the calculated value. The same semiquantitative sol- 
ubility relationship holds true for the parent compounds, lincomycin and 
clindamycin. Their solubility ratio should also be 119. The respective 
experimental solubilities were determined previously (7) to be >400 and 
4 mg/ml, giving a ratio of 1100, again in close agreement with theory. 


Surface Activity and Solubility-Clindamycin 2-palmitate hydro- 
chloride (11) has an amphiphilic structure conducive to surface activity 
and micellar aggregation. The combination of a lipophilic palmitate side 
chain and a protonated head group is responsible for the enhanced sol- 
ubility through association into micelles. 


The compound is highly surface active, reducing the water surface 
tension from 72 to 30 dynedcm. The data obtained from drop-volume 
measurements on the automated drop-volume apparatus (5) showed a 
distinct critical micelle concentration (CMC) at 3.40 X 10-4 molehiter 
(Fig. 1). This finding was confirmed by Wilhelmy plate data, which gave 
a CMC of -3.5 X molehiter. This value is about one order of mag- 
nitude lower than an estimate published earlier (8). 


Above the CMC, the monomer concentration stays essentially constant, 
with the excess molecules forming micelles (9). Therefore, the monomer 
concentration in equilibrium with micelles is -3.4 X M or 4 . 2 3 8  
mg/ml. 


As a first approximation, this value can be considered the monomer 
solubility of 11. It is close to the experimental solubility of I(0.124 mg/ml, 
Table I). Apparently, lipophilicity differences due to the substitution 
at C7 are overshadowed by the highly hydrophilic, protonated amine 
function. 


Compound 1 has the same amphiphilic structure as I1 but does not 
appear to have sufficient surface activity to provide micellar solubilization 


0 


I I I 


1 o-5 .I 0-*' 1 o - ~  lo-= 
CONCENTRATION, molerlliter 


Figure 1-Surface tension versus log concentration of aqueous clin- 
damycin 2-palmitate hydrochloride solutions at 25'. 
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Figure 2-Solubility Lf lincomycin 2-palmitate hydrochloride as a 
function of temperature. 


at 25'. However, at higher temperatures, the solubility increased sharply 
(Fig. 2). The solubility increased slowly with increasing temperature until 
-43', when a sudden change in slope occurred. Many surfactants exhibit 
similar solubility changes a t  a critical temperature known as the Krafft 
point (10). A t  this temperature, the monomer solubility has increased 
sufficiently to make micelle formation possible. Above the Krafft point, 
of course, the apparent solubility is due to micellar aggregation. The CMC 
at  the Krafft point is -3.62 X M or -0.247 mg/ml, which is a fair 
estimate of the monomer solubility at 43O. A t  25O, the monomer solubility 
would be less and much closer to the experimental value of 0.124 mg/ 
ml. 


pH Dependence of Clindamycin Palmitate Hydrochloride Solu- 
bility-The solubility of I1 varied greatly with pH. In the free base form, 
I1 was extremely insoluble and difficult to measure quantitatively. Even 
at pH 7.4, which is slightly below the estimated pKa of 7.67, the observed 
solubility was below the detection limit (<0.0002 mg/ml). Below pH 4, 
the protonated drug had a monomeric solubility over lo00 times greater 
than the base solubility. Thus, the solubility-pH curve had a steep slope, 
and acidic I1 solutions appeared to precipitate out quantitatively as the 
pH increased. For example, if an acidic solution (pH 3) containing 15 mg 
of II/ml is titrated with base to pH 5.8 where the solubility of I1 is <0.001 
mg/ml, >99.9% of the initial concentration would precipitate out. The 
pH-solubility profile shown in Fig. 3 was calculated from: 


St = [CPH+] + [CP] (Eq. 7) 


txperimantal solubility. 


A Obmrved rolubilitv from 
turbidity titration. 


r' Po lo-./ \ 


PH 
Figure 3-Aqueous solubility of clindamycin 2-palmitate hydrochloride 
at 25O as a function of pH. 


The pKa of I1 is difficult to determine because of the low solubility at high pH. 
However, the palmitate ester is too remote (both conformationally and along the 
chain) from the protonated amine function to have any noticeable effect on the pKa. 
Therefore, it is reasonable to assume that the pKa of the parent molecule, clinda- 
mycin, is unchanged by esterincation at the 2-hydroxy position. 
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Table 111-Effect of 2:l Salt Mixtures on Salting Out of Clindamycin 2-Palmitate Hydrochloride from Syrup Solution 


Mixture 
Number 


Salt Criticala Appearance of 
Concentration, Anionic Anionic Reconstituted 


Salt mgAiter Strength Strength Solution 


l a  MgClz 1333 0.028 Very slight turbidity 
NaZS04 667 0.019 


Total m m 
l b  


2a CaCl2 
NaHC03 


Total 


2000 
1000 m 
1333 
667 


zwu 


0.042 
0.028 m 
0.024 
0.008 m 


0.061 
Very turbid with thick 


oil layer 


Very slight turbidity 


0.044 
2b CaC12 2000 0.036 Turbid with oil layer 


NaHCO3 lo00 0.012 
Total m mms 


a Calculated for the salt mixtures from the data in Table 11, assuming that the individual values are additive. 


where St is the total solubility, [CPH+] is the I1 concentration, and [CP] 
is the concentration of the unprotonated base form of 11. The [CPH+] 
values at various pH’s were obtained from the Henderson-Hasselbach 
equation: 


log [CPH+] = pKa + log [CP] - pH (Eq. 8) 
where [CP] is assumed to be constant a t  pH 4-10 and was calculated to 
be 4.56 X mg/ml using the experimental solubility value at pH 5.8 
and the estimated pKa of 7.6. The solid line in Fig. 3, constructed from 
Eqs. 7 and 8, is a reasonably good estimate of the maximum solubility of 
I1 in the pH region shown. 


As the pH decreases below the pKa, the concentration of protonated 
I1 molecules increases until the CMC is reached, a t  which time micelles 
form, causing a large jump in apparent solubility a t  -pH 4. The experi- 
mentally observed CMC, which is a good estimate of the monomer con- 
centration of 11, was at  0.238 mg/ml. Without micelle formation, pre- 
sumably the solubility would plateau at  about this level. The triangular 
points (Fig. 3) are semiquantitative solubility values obtained from ob- 
servations of the first appearance of turbidity when 1 M NaOH was added 
to syrup solutions of 11. 


The solubility curve in Fig. 3, whife qualitative, does characterize the 
unusual pH-solubili4y relationship of 11. The extremely low solubility 
of the base form kept the total solubility very low throughout most of the 
pH range. Only when the pH was 3 or 4 units below the pKa did it become 
significant. At pH 3.6, four units below the pKa, the protonated monomer 
concentration was 104 times the base dubility, which was at  most O.OOO1 
mg/ml. Therefore, the monomer solubility at pH 3.6 was only 51 mg/ml. 
Of course, this result does not take into account the solubility due to 
micelle formation, which can amount to >50 mg/ml (Fig. 3). 


Effect of Salts on Solubility-The solubility of I1 was greatly reduced 
by inorganic salts. When the salt concentration exceeded a certain critical 
value, the drug precipitated in the form of microscopic oil droplets, 
making the solution turbid. As the electrolyte concentration increased, 


..Ot /- :“/ 
3.5- 


Ip 


- Bicirbonirn 


I I I 1 I 1 I I 


0 10 20 30 40 60 60 70 80 90 
2.01 


SALT CONCENTRATION, moleslliter X lo3 
Figure 4-Final pH of clindamycin 2-palmitate hydrochloride syrups 
reconstituted with various salt solutions. 


the precipitation became more pronounced, leading to visible oil droplets 
and, finally, coalescence to an oily layer. 


In a series of experiments, the reconstitution water for formulated 
flavored 118 granules was spiked with salts normally found in drinking 
water. Observations were made on the first appearance of visible oil dropa 
as the salt concentration was systematically increased. The critical oil- 
ing-out concentration of the different salts varied considerably (Table 
11), as did the ionic strength. 


The individual contributions of cations and anions to ionic strength 
were calculated by: 


= mn& (Eq. 9) 


where j t  is the cationic or anionic strength, m is the salt molarity, n is the 
number of cations or anions per molecule, and Z is the charge on the ion. 
The cationic strength for oiling-out varied even more than ionic strength, 
but anionic strength proved to be fairly constant (Table 11). The one 
exception, sodium bicarbonate, raised the pH as well as the ionic strength 
and thus had the additional effect of reducing solubility by pH change 
(Fig. 3). The pH effect of the other salts was minimal until the concen- 
tration approached 0.060 M, which was above the critical oiling-out 
concentration for all salts listed (Fig. 4). Thus, the pH of the sulfate and 
chloride solutions was not a significant factor in the “salting-out’’ phe- 
nomenon. The sharp increase in pH that occurred when sodium bicar- 
bonate was added predominated over the ionic effect in reducing solu- 
bility. 


The anion effect is additive, as shown by several qualitative experi- 
ments. Syrup solutions of I1 a t  -25 mg/ml were made using water con- 
taining various salt concentrations (Table 11). The pairs of solutions were 
made up so that one member of the pair had an additive anionic strength 
below the calculated critical value while the other member had an addi- 
tive ionic strength above the critical value. Thus, the critical anionic 
strength of 2:l magnesium chloride-sodium sulfate mixtures was calcu- 
lated (assuming additivity) from the values in Table I1 to be 0.061. For 
2:l calcium chloride-sodium bicarbonate mixtures, the critical value waa 
0.044. Addition of the lower salt concentrations to clindamycin palmitate 


turblditv Start8 MaClz 


1 CiCI2 


B .. ,c.;*-\, o NiCI u >- 1600 A KCI 


c 0 FiSO)  


8 1000 M ’ 600 


‘ 0  5 10 15 20 26 30 38 40 41 
ANIONIC STRENGTH OF ADDED SALTS (x 103) 


Figure 5-Viscosity of clindamycin 2-palmitate hydrochloride solutions 
containing inorganic salts. 


* Cleocin Pediatric, 75 mg of clindamycinh ml. 
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syrup had very little effect while the higher salt concentrations caused 
I1 to “oil out” extensively (Table 111). The oily precipitation was a salt- 
ing-out phenomenon in which the monomeric solubility of I1 was reduced 
(11). Demicellization also may have occurred due to electrostatic sup- 
pression of the charge on the micelles by the increased ionic environ- 
ment. 


Effect of Salts on Viscosity-Inorganic salts also affect the viscosity 
of clindamycin palmitate hydrochloride solutions. Salt concentrations 
of -400-800 mg/liter in syrup solutions of I1 caused the viscosity to in- 
crease with a fairly sharp peak. When concentrations were converted to 
anionic strength, as was done for the critical oiling-out point, a very close 
grouping of the peaks was obtained (Fig. 5). The anionic strengths of the 
peaks ranged from 0.011 to 0.013, the same range in which haziness or 
turbidity started in I1 solutions. A t  concentrations above this critical 
range, the viscosity was back to baseline levels well below the oiling-out 
point. 


The chlorides were particularly effective in raising viscosity. Their 
peaks exceeded 1600 cps whereas the carbonate and sulfates produced 
more modest maxima. The common ion effect may have been dominant 
here, suppressing the dissociation of the I1 hydrochloride salt and thereby 
reducing the electrostatic repulsion forces between micelles (and also 
molecules). This can lead to increased intermicellar and intermolecular 
association forming flow-resistant aggregates or structures. 


Following this hypothesis, as the salt concentrations increased, 
structure formation by I1 molecules increased until precipitation began, 
as evidenced by turbidity. The viscosity then peaked out and declined 
as the drug precipitated out in oily microdroplet form. Well beyond the 
peak viscosity, the oil droplets coalesced to form visible oil particles, a t  
which point the precipitation was nearly complete. 
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Abstract A reversed-phase high-performance liquid chromatographic 
procedure with UV detection at  280 nm is presented for the determina- 
tion of 6-hydroxydopa, tyrosine, 3-O-methyldopa, and other trace amino 
acid impurities in levodopa preparations. The method is fast and suffi- 
ciently sensitive to determine trace impurities a t  0.1% of the levodopa 
concentration with a relative standard deviation of 4-6%. The trace im- 
purities can be estimated at  50.01%. 


Keyphrases Levodopa-analysis, high-performance liquid chroma- 
tography, amino acid impurities, commercial preparations 0 Antipar- 
kinsonian agents-levodopa, high-performance liquid chromatographic 
analysis, amino acid impurities, commercial preparations High-per- 
t’orrnance liquid chromatography-analysis, levodopa, amino acid im- 
purities, commercial preparations 


Current USP requirements (1) limit the impurities in 
levodopa [~-3-(3,4-dihydroxyphenyl)alanine] preparations 
to 0.1% of the levodopa concentration for 6-hydroxydopa 
[3-(2,4,5-trihydroxyphenyl)alanine] and to 0.5% for 3- 
0-methyldopa [3-methoxytyrosine or 3-(4-hydroxy-3- 
methoxypheny1)alaninel. The designated USP method (1) 
for the estimation of these impurities is a TLC technique 
with a cellulose stationary phase and an acetic acid-bu- 
tanol-methanol-water mobile phase. However, this lab- 
oratory found that the USP method suffers from a rather 
lengthy analysis time (>5 hr) and from the fact that the 


6-hydroxydopa spot is not easily visualized. In addition, 
tyrosine, a frequently observed levodopa impurity, yields 
a spot with nearly the same Rf as 3-0-methyldopa. For 
these reasons, a quicker, simpler, and more universal 
method would be preferred. 


BACKGROUND 


A GLC procedure for the determination of levodopa purity was de- 
veloped (2). However, this technique requires derivatization and was 
developed for impurities at a level of 1% with a stated detection limit for 
each component of 4.1%. Thus, a more sensitive method is needed. 


The standard amino acid analyzer procedure of separation on an ion- 
exchange column followed by detection of the ninhydrin color-forming 
reaction (3) was attempted but had long elution times (>80 min) and 
resulted in incomplete resolution of 3-0-methyldopa from tyrosine with 
the pH 3.4 citrate buffer employed’. Because of the greater speed and 
efficiency associated with microparticulate reversed-phase materials as 
opposed to ion-exchange materials (4) and because of the need to deri- 
vatize the amino acids (5) or to deposit a liquid phase on the solid support 
(6) when normal phase materials are used, a technique involving re- 
versed-phase high-performance liquid chromatography (HPLC) was 
sought. 


Knox and Jurand (7) resolved tyrosine from levodopa with reversed- 
phase HPLC by employing “soap” or ion-pair chromatography; the re- 


~ 


1 G. S. Denning, Jr., and G. Ginther, Norwich-Eaton Pharmaceuticals, Nonvich, 
N.Y., unpublished resulta, 1970. 
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Desmethyldiazepam: 
A Specific Radioimmunoassay 


Keyphrases Desmethyldiazepam-radioimmunoassay Radioim- 
munoassay-desmethyldiazepam Diazepam, desmethyl metabo- 
lite-radioimmunoassay Benzodiazepines-desmethyldiazepam, ra- 
dioimmunoassay 


To the Editor: 
Desmethyldiazepam, a 1,4-benzodiazepine, has partic- 


ular clinical significance because it is a pharmacologically 
active metabolite of diazepam and several other benzodi- 
azepines (1). Thus, blood levels of desmethyldiazepam and 
the parent compounds are import.tnt parameters in the 
pharmacokinetic understanding of .i nxiolytic drug therapy 
and in the biopharmaceutical evaluation of different drug 
formulations. 


Although many analytical procedures, primarily 
employing electron-capture GLC and high-performance 
liquid chromatography, have been reported for the quan- 
titation of desmethyldiazepam in blood or plasma, none 
achieves the high sample throughput attainable with ra- 
dioimmunoassay in which the compound may be measured 
directly in microsamples. Radioimmunoassay is particu- 
larly advantageous in bioequivalency studies, where nu- 
merous samples may be generated, and in pharmacokinetic 
studies in the neonate, where a limited sample volume is 
available for analysis. We now report the development of 
a specific radioimmunoassay for desmethyldiazepam 
which satisfies the requirements for both high throughput 
and small samples. 


The hapten 7-chloro-1,3-dihydro-5-(4-hydrazinocar- 
bonylmethoxyphenyl)-2H-1,4-benzodiazepin-2-one was 
converted to its reactive acyl azide with nitrous acid and 
was coupied covalently to bovine serum albumin as de- 
scribed previously (2). The immunogen consisted of 15 
moles of hapten covalently coupled to 1 mole of albumin. 


Rabbits were immunized intradermally, and the antiserum 
with the highest titer (1:7500 dilution) of antibodies to 
desmethyldiazepam was used for all studies. 


The radioligand 9-3H-desmethyldiazepam was prepared 
by catalytic exchange of 9-iododesmethyldiazepam with 
tritium gas. The reaction was carried out in tetrahydro- 
furan containing 0.5% triethylamine with a 10% palla- 
dium-on-charcoal catalyst. After removal of the labile 
tritium by repeated freeze drying from methanol, the re- 
action product was chromatographed on a silica gel column 
packed in ethyl acetate. The appropriate fractions were 
combined to yield 9-3H-desmethyldiazepam with a specific 
activity of 26.5 Ci/mmole. 


The radioimmunoassay was identical to that described 
recently for diazepam (3). A logit-log calibration curve for 
desmethyldiazepam was linear from 30 to 2000 pg/tube; 
thus a working sensitivity limit of 3 ng/ml was achieved 
using a 10-pl plasma sample. This sensitivity is comparable 
to that achieved by electron-capture GLC with a 1-ml 
sample. The intra- and interassay coefficients of variation 
did not exceed 6 and 11%, respectively. 


The specificity of the antiserum was evaluated by 
cross-reactivity studies with those drugs and/or their 
metabolites of which desmethyldiazepam is a known me- 
tabolite. Diazepam, chlordiazepoxide, desmethylchlordi- 
azepoxide, demoxepam, prazepam, and medazepam all 
cross-reacted less than 1% relative to desmethyldiazepam 
(100% cross-reactivity). Clorazepate exhibited an apparent 
cross-reactivity of >50%, which undoubtedly was due in 
part to its decomposition to desmethyldiazepam during 
the assay incubation period. Tricyt lic antidepressants, 
commonly prescribed in conjunction with benzodiazepines, 
did not cross-react with the antiserum. 


Further evidence for the specificity of the radioimmu- 
noassay was obtained by comparison with an established 
electron-capture GLC method for the determination of 
desmethyldiazepam (4). The joint determinations of 
desmethyldiazepam in 30 plasma samples from subjects 
who had received various doses of clorazepate or diazepam 
were subjected to linear regression analysis by a method 
(5) using a 95% confidence ellipse. Over a nearly 300-fold 
desmethyldiazepam concentration range (24-6400 ng/ml), 
the correlation coefficient, regression line slope, and y -  
intercept were 0.998, 1.07, and -5.8, respectively. Thus, 
the radioimmunoassay measures desmethyldiazepam as 
precisely and specifically as the electron-capture GLC . 
met hod. 
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Table I-Hypolipidemic Effect of 4 4  n-Alkylamino)benzob 
Acids and Clofibrate in Normal Rats 


Oral 
Dose in Percent Lowerha* 


n-Alkyl 
Group 


- 
Diet", of Serum 


mglkglday Sterol Triglyceride 


c12 


c14 


(cetab 


ClS 


Clofibrate 


:n) 


86 
47 
25 
82 
46 
23 
89 
64 
42 
22 
10 
91 
48 
23 


375 
106 
33 


11' 
20e 
14/ 
9 
9 
9 


44d 
30d 
26d 
27; 
27 
18a 
6 


141 
26d 


5 
0 


Md 
60d 
49d 
47d 
49d 
36d 
6gd 
48f 
40f 
381 
2gd 
40e 
28c 
2gC 
43c 
30 
32 


0 The method used was described in detail in Ref. 2. Oral dosing was hy normal 
rat chow containing drug; 0.05% in the diet corresponds to a measured average daily 
dosage of 46 mg/kg. c lc .  * Percent lowering of the mean serum concentrations rel- 
ative ti) the mean values in control animals in the same test; control groups averaged 
75 f 3 mg % sterol and 85 f 6 mg o/c triglyceride. The significant level ( p ) ,  deter- 
mined by the Student f test, is denoted by the appropriate footnote. Numbers 
without a fkdnole are not statistically signiticant lowerings. p < 0:O.i. p < 0.M)I. 
pp <0.005. r p  < 0.02. Y p < 0.01. 


Most important was the presence of only half as much 
luminal narrowing in four major coronary arteries (5). 
Accompanying this effect on lumen size were increases in 
myocardial blood flow in the nonstressed and stressed 
heart. In the stressed heart, regional blood flow toward the 
endocardium was improved as well. Reductions in luminal 
narrowing and incidence of atherosclerotic lesions also 
were seen in several major peripheral arteries. In the aortas 
of treated monkeys, average 48% reductions in cholesterol 
accumulation resulted predominantly from decreases in 
esterified cholesterol. Additionally, there was complete 
prevention of a 2.5-fold calcium increase in the aortic wall 
and a 70% inhibition of the increase in aortic fibrous con- 
nective tissue. Up to now, such pronounced therapeutic 
effects on this atherosclerosis model (5,8,9) have not been 
reported with any other drug. 


The reduced cholesterol ester content in the rabbit and 
monkey aortas may result from cetaben inhibition of the 
cholesterol-esterifying enzyme in the aortic wall. With a 
cell-free preparation of fatty acyl-Cd: cholesterol acyl 
transferase (ACAT) from rabbit aortas, cetaben sodium 
substantially inhibited the enzyme at  therapeutically ob- 
tainable concentrations' (-5 pg/ml). This effect is espe- 
cially significant in view of the greater proportion of es- 
terified to free cholesterol in atheromatous lesions in hu- 
mans (10) as well as the lower experimental reversibility 
of ester deposition in rabbits (1 1). 


In a series of papers, we shall fully report on the bio- 
logical activity described here and elaborate the struc- 
ture-activity relationships of alkyl size; branching, cycli- 
zation, substitution, and unsaturation of the alkyl group; 
further substitution of the amino nitrogen and its position 
isomers; additional substitution on the benzene ring and 
its replacement with other rings; and carboxyl group der- 
ivatization, modification, and extension. 


Effective atherosclerosis therapy probably will require 
drugs that have several modes of action such as those dis- 


played by cetaben sodium. Cetaben sodium is now 
undergoing clinical trials as an antiatherosclerotic agent 
in humans. 
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pKa of 2-Methylamino-5-chlorobenzophenone, a 
Diazepam Hydrolysis Product 


Keyphrases 0 Methylaminochlorobenzophenone-pKa, diazepam 
hydrolysis product, structure-activity relationships Diazepam- 
hydrolysis products, methylaminochlorobenzophenone, pKa, struc- 
ture-activity relationships Structure-activity relationshipsaiazepam 
hydrolysis products, pKa 


To the Editor: 
The compound 2-methylamino-5-chlorobenzophenone 


(I) is the aromatic product of diazepam (11) hydrolysis in 
acidic aqueous solution (1). I t  was of interest to estimate 
the pKa of I because of its importance in kinetic stability 
and analytical studies of prazepam (2) and I1 (1,3-8). 


The pKa of I' was determined spectrophotometrically2 
a t  25' at 415 nm in a concentration of 4.07 X M (10 
kg/ml). All samples contained 7% (v/v) ethanol. The pH 
was varied by preparing samples in 0.02-0.40 N HCI. The 
spectrum of the conjugate acid was obtained in 60% (w/w) 
H 2 S O 4  (Ho = -4.4), and that of the nonionized base was 
obtained in buffers of pH 7.20 and 9.23. The conjugate acid 
species showed no absorbance at  415 nm, and the base had 
an absorbance of 0.23. The other spectral characteristics 
included decreasing absorbance at  410-420 nm and a 
hypsochromic shift from -268 to 238 nm with increasing 


Ho 5-4365, lot PP-4 Hoffmann-La Roche, Nutley. N.J. 
2 Beckman DH-CT grating spectrophotometer, Beckman Instruments, Fullertctn, 


Calif. 
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Table I-pKa Values of Some Aniline Derivatives 


Substance Substituent Position pKa’ 


Aniline - - 4.60b 
Aniline Benzoyl 4 2.2c 
Aniline Chloro 4 3.9ab 
N- Methylaniline - - 4.85b 
N-Methylaniline Chloro 4 3.9c 


At 25”. References 10 and 1 1 .  Reference 1 1 .  


absorbance, both in relation to the increasing sample 
acidity. The I pKa was calculated from Eq. 1 (9) to be 1.45 
f 0.043: 


pKa = pH t log ( A b  - A / A  - Ai)  (Eq. 1) 


where Ab, Ai, and A = the absorbances of the nonionized 
base, the conjugate acid, and the various samples, re- 
spectively. 


The pKa values of substituted anilines such as I are 
lowered more by an ortho- than by a meta- or para-elec- 
tron-withdrawing substituent (10,ll).  Thus, the inductive 
effect of 2-benzoyl and 4-chloro groups on N-methylaniline 
(i.e., I) as regards the pKa of the anilino nitrogen atom 
would be predicted to exceed that of the sum of these 
substituents at the 4-position. From Table I, the pKa 
differences among anilines substituted with N-methyl, 
4-benzoyl, and 4-chloro groups are 0.25, -2.4, and -0.62 
units, respectively. The arithmetic sum of these differences 
is -2.77 units, thereby predicting a pKa of -1.8 (i.e., 4.6 
- 2.8) for I. However, the pKa lowering caused by a 4- 
chloro substituent is 0.1 unit greater for N-methylaniline 
than for aniline. Therefore, the observed anilino pKa 
decrements (Table I), augmented by the expected superior 
electron-inducing capability of a 2-benzoyl (ortho) over 
that of a 4-benzoyl N-methylaniline substituent, appear 
to be in reasonable agreement with the pKa estimate of 
1.4-1.5 for I. 
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.1 Average of five values in the pH range of pKa f 1 unit. 


Drug Dissolution within a Cascade 
Barrier Bed 


~ ~~ 


Keyphrases 0 Dissolution-test apparatus, cascade barrier bed 
Pharmacokinetics-drug dissolution tests, apparatus, cascade barrier 
bed 0 Cascade barrier bed-for testing drug dissolution 


To the Editor: 


When dissolution limits the rate of drug absorption, in 
oitro dissolution tests are useful for quality control or in 
formulation development only if they correlate well with 
in oiuo drug levels. Where satisfactory correlations have 
not been found, differences in solubility behavior among 
the polydisperse particles produced during dosage unit 
disintegration may be a factor. Where the relative intrinsic 
solubilities of particles are size dependent and sensitive 
to formulation variables, a single dissolution test method 
cannot be relied upon. Depending on the desired degree 
of resolution among formulations, at least two procedures 
are needed that produce linearly independent functional 
relationships between particle size and dissolution hy- 
drodynamics. To accomplish this result, they must con- 
trol the dissolution fluid mechanics as a function of particle 
size. 


This communication discusses a cascade barrier bed test 
method, which complements existing procedures by pro- 
viding distinctly different dissolution conditions. It differs 
from the USP-NF (1,2), stationary basket-rotating filter 
(31, and flowthrough cell (4, 5 )  methods by favoring the 
dissolution of small particles over large. 


The device consist,s of a vertical cylindrical cell (Fig. I). 
It is partially filled with discrete layers, B, of uniformly 
sized, silanized glass balls. The ball size of each layer is 
successively increased from the bottom to the top of the 
bed. The prototype tested contained five layers, each 6.25 
cm in height and composed of 0.25-, 0.56-, 1-, 2-, and 4-mm 
balls. The cell was 50 cm in height X 1.9 cm i.d. 


In preparation for a run, solvent was introduced through 
the efflux chamber, C, to the top of the previously loaded 
bed so as to preclude air entrapment. The powder was then 
placed on top of the bed; the solvent receiving chamber, 
A, was filled with solvent; and flow was initiated. Flow was 
controlled and maintained by hydrostatic pressure; solvent 
flowed from an elevated reservoir through Tygon tubing 
to the receiving chamber, A. Samples of effluent were 
collected through tubing attached to chamber C and as- 
sayed. A sintered-glass frit, D, retained and supported the 
bed within the cell. 


In operation, drug particles are carried into the bed by 
viscous drag forces and by gravity to a level where they are 
trapped. Their location is determined by drug particle size 
and the pore size characteristic of each layer in the bed. 
Particles from polydispersed systems are thus separated 
into various size fractions within the bed. 


Although fluid flow fields in this type of packed bed are 
complicated, the hydrodynamics within the various layers 
are simply related. With column and ball diameters in a 
practical range for dissolution testing, random packing 
fractions of uniform spheres are size independent. For a 
constant column cross-sectional area, the average linear 
velocity of the solvent also will be constant throughout the 
bed for incompressible fluids. Voids and pores are geo- 
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By 5 and 6 hr, none of the products elicited any significant antipyretic 
effect. 


When the various commercial acetaminophen suppositories (A-E) were 
compared to each other and to the laboratory-prepared product (F), no 
significant differences in antipyretic response were found at 0.5,1,2,4, 
5, and 6 hr. A t  3 hr, there were no significant differences among Products 
C-F; however, Products A and B showed some differences. Product B 
showed i t s  maximum effect a t  3 hr (Table I )  and exhibited the slowest 
onset of action; Product A was indistinguishable from the controls at 3 
hr and thereafter, thus providing the shortest duration of action. 


The magnitude of the variability, as indicated by the standard error 
( S E )  (Table I), differed among products, with some showing more in- 
traproduct variability than others. Because of the large variability when 
compared with other products, Product A wm retested; the results were 
not significantly different from the original results. Product A showed 
a marked variability uia visual examination in consistency and coloration 
when quartered longitudinally. Uniform drug distribution is essential 
for consistent absorption; and since pnly one-fourth of the suppository 
was inserted rectally into the animal, the lack of homogeneity and uni- 
formity among Product A suppositories may account for the large vari- 
ability in effect. 


All five commercial products were stated to contain polyethylene glycol 
vehicles, but none listed the types or percentages of polyethylene glycol. 
Thus, a comparison of the differences in effect among formulations was 
not possible. The differences in the polyethylene glycol vehicle formu- 
lations, as well as other formulation factors, could account for the slight 
differences in the onset of action, duration of action, and time to reach 
peak antipyretic effect among the products tested. 


All products were obtained from commercial sources and were tested 
within their expiration dates, but their shelftime prior to purchase was 
not known. The laboratory-manufactured acetaminophen and control 
suppositories were prepared and used within 1 month of manufacture. 


Stability of the vehicles is an important consideration in efficacy. Agiig 
can influence the physical-chemical properties of the vehicle (3,8) and 
may have contributed to the slight differences in effect among the 
products tested. 


Correlation between in uiuo and in uitro results was previously reported 
for benzocaine suppositories (9). Similar in uitro testing of acetaminophen 
suppositories A-F did not show any significant differences in drug release. 
The effects of aging, the polyethylene glycol composition, and other 
manufacturing and formulation factors all could account for the slight 
differences among products in this study. Nevertheless, all products 
tested, including the laboratory-manufactured product, did decrease the 
rectal temperatures of the yeast-fevered animals significantly. This an- 
imal model was a viable method for studying the efficacy of rectally ad- 
ministered antipyretic agents. 
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Abstract 0 Acute experiments were performed on overnight fasted 
chloralose-urethan anesthetized dogs, cats, rabbits, and rats. Under these 
conditions, somatostatin practically abolished gastric contractions and 
decreased GI tonus in a11 species examined. The canine duodenum, je- 
junum, and ileum exhibited only a contractile response to somatostatin, 
whereas motor activities of the small intestines of the cat, rabbit, and rat 
were inhibited. In all instances and a t  all dosages, both the inhibitory and 
excitatory effects showed suggestions of tachyphylaxis. The data also 
indicate that excitatory or inhibitory effects were not dependent on the 
presence of long arc pathways. It is concluded that somatostatin exerts 
a direct stimulatory effect on the canine small intestine that is mediated 
by the muscularis mucosa. 


Keyphrases 0 Somatostatin-effect on GI motor activities, species 
specificity, dogs, cats, rabbits, rats 0 GI motility-somatostatin effect, 
species specificity, dogs, cats, rabbits, rats 0 Growth hormone inhibi- 
tors-somatostatin, effect on GI motor activities, species specificity, dogs, 
cats, rabhits, rats 


Intravenous somatostatin administration to the anes- 
thetized dog is associated with anatomically defined GI 
motor effects: gastric antrum relaxation and a generalized 
augmentation of the small intestine segmenting activities 
(1). Similar observations have been made in conscious 
dogs. 


Because more recent abstracts (2,3) documented similar 
observations for the canine small intestine, a series of ex- 
periments in four mammalian species was designed to 
determine the mechanism of the excitatory effect on the 
small bowel as well as its species specificity. 


EXPERIMENTAL 


Animals and  General Procedure-Acute experiments were per- 
formed on 15 mongrel dogs, four cats, four rabbits, and four adult male 
Sprague-Dawley rats. Following an overnight fast with tap water ad li- 
bitum, all animals were anesthetized by the intravenous administration 
of a mixture of a-chloralose (5%. dissolved in polyethylene glycol 200) 
and urethan (50% in 0.996 saline). Each animal was individually titrated 
to a surgical plane of anesthesia using this mixture. Anesthesia was 
maintained by individual administration of the chloralose-urethan 
mixture. 


Surgical  and Recording Procedures-In all species, a tracheal 
cannula was inserted to ensure airway patency or, when necessary, to 
maintain artificial ventilation with a positive pressure pump.The femoral 
artery was cannulated to record blood pressure. The ipsilateral vein was 
cannulated to permit either bolus or infusion administration of drugs and 
fluids. A midline laparotomy was performed. 


Recording balloons were inserted uia the oral route for gastric recording 
and retrograde via a stab wound in the ileum for small intestinal re- 
cording. Motor activities of the large intestine were monitored by surgi- 
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Figure  1-Time courses of  arterial blood pressure and various GI parameters showing the effects of intravenous somatustatin administered t o  an 
anesthetized dog. Stomach relaxation and increased motor actioity of the intestinal tract are seen consistently. GH-RIH =growth hormone release 
inhibiting hormone (somatostatin). 


cally placed intraluminal water-filled balloons. Polygraphic control 
tracings were obtained before and at  stated intervals after the physical 
and chemical stimulatory procedures in each group of animals. In all 
instances, intestinal pressure records were linked to a particular motility 
response on the basis of a visual observation that such a response occurred 
concurrently with the recorded events. 


The  following specific procedures were employed, depending on the 
particular canine experiment design. In some experiments, the vagus 
nerves were exposed cervically, and either the splanchnic nerves o r  the 
sympathetic chains were exposed a t  the T-9-T-10 level. In other exper- 
iments, the contractions of the mucosal musculature and of the longitu- 
dinal fibers of the small intestine tunica muscularis of the dog were re- 
corded, both in excised surviving strips and in the living animal with the 


circulation intact according to  a modified version (4) of a literature 
technique ( 5 ) .  Briefly, a small longitudinal incision was made through 
the entire wall of the intestinal segment opposite the mesenteric arcade 
attachment point. Two circular incisions were performed to create flaps 
such that the incisions or flap reflections did not interrupt the arcade 
blood vessels or innervation. The  tunica muscularis was separated from 
the muscularis mucosa by blunt dissection and affixed by suture thread 
to a force transducer. It was then possible to monitor the muscularis 
mucosa activity by an intraluminal balloon. 


Chemicals-In most experiments, drugs were administered intrave- 
nously through the femoral venous pressure cannula. Occasionally, in- 
traarterial drug administration in the region of the denuded bowel seg- 
ment was performed uia a cannula inserted into a mesenteric artery, 


C..t.lC r ( o l 1 l l l y  


I . .  


h c e n d l n i  -Ion bbtlllty 


Figure 2-Continuution of the expcv-imental record depicted in Fig. 1 follouing bilateral cervical uagectorny and splanchnectomy. The same effects 
dppicted in Fig. 1 continue with multiple subsequent intrauenous somatostatin dosages. 
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Figure %-Experimental record showing the effects of  an  intrauenous bolus dosage of somatostatin administered to a n  anesthetized cat. In this 
case, there was a generalized intestinal motor activity inhibition, but spontaneous gastric motor activity was not affected. 
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Figure 4-Continuation u f  the  experimental record of Fig. 3 following administration of a large bolus dose of somatostatin. Gastric inhibition 
accompanied small bowel inhibition, while the  large intestine was nu longer affected. 


which appeared to supply the immediate vicinity of the split bowel 
preparation. Intravenously administered agents were synthetic soma- 
tostatin (C- 11873)’, epinephrine hydrochloride2, atropine sulfate2, and 
tetraethylammonium chloride3. Somatostatin also was introduced into 


the arterial supply of the canine small intestine. The following drugs were 
used in the classical tissue bath: somatostatin, acetylcholine chloride*, 
and epinephrine hydrochloride. The drug dose was specified as the final 
concentration of the active base present in the tissue bath. 


Wyeth Laboratories. 


Etamcm. Parke, Davis. 
2 Sigma. 


RESULTS AND DISCUSSION 


As illustrated in Fig. 1, the canine stomach antrum exhibited a unan- 
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Figure :.-Continuation of the experimental record of Fig. 4 following a I-hr interval. A repeat udministration of nrtrrll the samp hdus  somatostatin 
dose' resulted in shorter durations of inhibition of spontaneous small intestinal motor activity and no noticeublv effect on gastric motor ac- 
tiuity. 


imous relaxation response in 45 trials t oa  fixed bolussomatostatin dose, 
whereas the small bowel exhibited only a contractile response in all 15 
animals, each to the same dose. Both responses showed dosage depen- 
dence and tachyphylaxis. noted. 


Gastric motor inhibition and augmented small intestinal segmenting 
activity always continued for a variable time (10-60 min) subsequent to 


the cessation of somatostatin administration. Somatostatin had minor 
and seemingly inconsistent excitatory effects on the ascending colon 
spontaneous motor activities. No effects on the descending colon were 


Figures 1 and 2 show that CI inhibitory and excitatory effects in re- 
sponse to somatostatin were not blocked in !our surgically denervated 


Figure 6-Polygram depicting the time courses of arterial blood pressure and G I  motor activities in an anesthptizrd rabbit follou~infi the intmvrnous 
somatostatin bolus dosage. Gastric and duodenal activities were noticvab1.v inhibited, with marginal inhibition of t he  ileum and ascending 
colon. 
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Figure 7-Polygram from an anesthetized rat showing generalized GI motor inhibition by a single intravenous somatostatin bolus dosage. 


canine preparations. Although not depicted, the polygrams from four 
other dogs also revealed that the inhibitory and excitatory effects pro- 
duced by somatostatin on the stomach and small intestinal tissues could 
not be blocked by prior intravenous administration of high doses (10 
mg/kg) of the ganglionic blocking agent tetraethylammonium chlo- 
ride. 


Intravenous Somatostatin infusions to three dogs resulted in essentially 
normal gastric activity following the initial depression, but small intes- 
tinal excitation (particularly in the duodenum) was maintained 
throughout the infusion period. 


In all cases, low bolus intravenous somatostatin dosages to the cat 
promptly inhibited small intestinal motility but had no gastric effect (Fig. 
3). Higher dosages inhibited gastric activity as well as small intestinal 
motor activity (Fig. 4) .  Repeated administration of high somatostatin 
dosages to the cat resulted in a loss of  gastric inhibition and a reduction 


in the duration of small intestine inhibition (Fig. 5). In any event, stim- 
ulation of small intestinal activity was never observed in cats, regardless 
of the dosage or administration method. 


Bolus dosages of intravenous somatostatin in four rabbits produced 
protracted gastric and duodenal inhibition and transient ileal inhibition 
(Fig. 6). There was no evidence of small intestinal stimulatory effects. 
Intravenous somatostatin also was effective in inhibiting GI motor ac- 
tivities in each instance in the rat, with even bolus dosages producing long 
inhibition periods (Fig. 7). No evidence of a small intestinal stimulatory 
effect was observed in the rat. 


The excitatory effect of somatostatin on the dog small bowel was in- 
vestigated in four animals by the split bowel preparation. Simultaneous 
recording indicated that ileal excitation to close intraarterial somatostatin 
was due to vigorous circular muscularis mucosa contractions while the 
longitudinal tunica muscularis was inhibited (Fig. 8). Results of in uitro 


Figure 8-Experimental rccord from an anesthetized dog showing mechanical responses of a small intestinal split bowel preparation t o  a close 
intraarterial bolus dosage of somatostatin. Tunica muscularis relaxation occurred in parallel with an increase in activity of the underlying muscularis 
mucosa. The ouerall effect, as recorded from an intraluminal balloon in an adjacent intact segment, was excitation. 
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Figure 9-Force records obtained in vitro from strips of canine muscularis mucosa and tunica muscularis showing thp Pffects of somatostatin. 
Somatostatin produced an excitatory effect on the muscularis mucosa and an inhibitory effecl on the tunica muscularis. In contrast, epinephrine 
excited the muscularis rnucosa and inhibited the tunica muscularis; acetylcholine Pwcited both. 


experiments on denuded canine small intestine segments supported the 
in uiuo observations in the same animal. The in uitro pharmacological 
responsiveness of a circular strip of the muscularis mucosa and the outer 
tunica muscularis is depicted in the top and bottom traces of Fig. 9. Both 
ileal muscular components exhibited spontaneous motility, and they 
exhibited tonic contractions when challenged with acetylcholine. 


As expected, epinephrine had opposite effects in different parts of the 
ileum of the same animal. As illustrated, the tunica muscularis portion 
of the ileum exhibited a relaxation response to epinephrine, whereas the 
muscularis mucosa portion exhibited only a tonic contractile response 
to the same dose of the catecholamine. Somatostatin produced a pro- 
longed stimulation of ileal muscularis mucosa tone with no evidence of 
a stimulatory effect on the tunica muscularis. 


This mechanistic explanation fits in well with the comparative his- 
tology of the small intestines of the species studied, viewed from the 
perspective of coupled mechano-effector systems. Although not depicted, 
only the dog small intestine has a well-developed circular component of 
the muscularis mucosa, and, aside from the dog, only the rabbit small 
intestine has any developed muscularis mucosa. albeit the orientation 
is longitudinal. The cat has a rudimentary longitudinal layer, and the rat 
has practically none. 


It  has been reported (6) that somatostatin acutely inhibits acetylcholine 
release by the guinea pig ileum myenteric plexus as in the in uitro prep- 


aration described previously (7). As suggested (6), the data may explain, 
a t  least in part, the ability of somatostatin to inhibit or decrease spon- 
taneous or elicited gastric, gut, and gallbladder contractions. 


In experiments to determine the effects of somatostatin on the 
myenteric plexus, Guillemin (6) observed tachyphylaxis, occasionally 
persisting for as long as 2 hr. This observation is in complete agreement 
with our findings on the duration of tachyphylaxis in feline prepara- 
tions. 


A review of the experiments by Guillemiti (6) indicates that the guinea 
pig ileum failed to contract regardless of the somatostatin concentration 
in the bath. Interestingly enough, the guinea pig ileum has no circular 
muscularis mucosa and very little of the longitudinal components. Ex- 
periments in this laboratory have not produced an in uitro stimulatory 
effect on the rat small intestine, which is almost exclusively tunica 
muscularis (Fig. 10). Therefore, a mechanistic explanation for the ana- 
tomically specific canine responses probably can he advanced. The 
stimulatory effect is due to the action of the circular muscularis mucosa 
and cannot be produced in species that do  not have this muscular com- 
ponent. The inhibitory effect probably is due to inhihition via the 
myenteric plexus 0 1  the tunica muscularis, which is the only significant 
muscle layer in the small intestines of the noncanine species studied. 


In the dog stomach, where presumably both effector layers are present, 
the primary inhibitory effect may be due partly to the difference in ge- 
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Figure 10-In vitro force records of spontaneoua muscle contractions in whole bowel segmenta from rats showing rcsponsts to challenges by so- 
matostatin and acrtykholine. 
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ometry. The stomach is neither circular nor does its average diameter 
approximate that of the small intestine. Consequently, there is no reason 
to expect that simultaneous excitation of the muscularis mucosa and 
inhibition of the tunica muscularis would increase intraluminal pressure 
sufficiently to register with a water-filled intraluminal recording balloon, 
and the contrary might well be the case if the external effector layers are 
indeed inhibited. 


No acceptable adaptation of the split bowel preparation to the stomach 
appears practical, but indirect means are available to estimate a t  least 
the presence or absence of spontaneous motor activity. Such demon- 
strations will be necessary to determine whether the observed net inhi- 
bition of canine gastric motor activity is due to the relative geometries 
of coupled effector systems. 


With the canine small intestine, paradoxical motor effects were ob- 
served by intraluminal pressure measurements, probably because the 
test agents had opposite effects on the two muscle layers. This is amply 
illustrated in Fig. 8, which shows the effect of somatostatin on the canine 
ileum. Clearly, the tunica muscularis is inhibited and the muscularis 
mucosa is stimulated, while an overall stimulatory effect is seen from an 
intraluminal balloon in an adjacent intact small bowel segment. These 
data confirm and explain the excitation mechanism reported by several 
investigators (1-3) in the somatostatin effect on the motor activity of the 
canine small intestine. These results also lead to the conclusion that the 
circular components of the canine small intestine muscularis mucosa 
possess physiologically significant contractile powers. 


The overall significance of these findings is that both the canine and 
human small intestine constitute pharmacologically separate, but me- 
chanically coupled, muscular systems, either one of which can show ex- 
citation when the coupled effects are measured by any system that does 


not differentiate the identity of the effector system involved. In the fu- 
ture, it will be necessary to evaluate motor effects of test agents on a 
separate basis. Those that have been reported to produce paradoxical 
effects should be reevaluated. Obviously, the use of the split bowel 
technique would not be appropriate for chronic preparations, but these 
results also suggest a cautious interpretation of the mechanisms from 
experimental data obtained from either open-ended catheters or intra- 
luminal pressure telemetry capsules. 
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Abstract A previously reported high-performance liquid chromato- 
graphic (HPLC) method for indoprofen determination in physiological 
fluids was modified and extended to provide quantitative data on drug 
concentrations in human milk samples at a low nanogram per milliliter 
level. The reversed-phase HPLC technique was modified to give a better 
separation of the drug and milk components. To achieve the necessary 
cleanup for low level determination, the milk samples required protein 
precipitation, liquid-liquid drug extraction, and concentration. Excellent 
indoprofen recovery was obtained with this technique; the average re- 
covery from 20 milk samples spiked with various nanogram drug levels 
was 95%. The analytical technique showed excellent reproducibility; the 
calibration solutions over 15 days had a relative standard deviation of 
3.2%. Results for indoprofen levels in milk and plasma samples from seven 
subjects who received either a single or multiple oral drug dose are pre- 
sented. 


Keyphrases o Indoprofen-analysis, high-performance liquid chro- 
matography, human milk 0 High-performance liquid chromatogra- 
phy-analysis, indoprofen, human milk o Anti-inflammatory agents- 
indoprofen, high-performance liquid chromatographic analysis, human 
milk 0 Milk, human-analysis, indoprofen, high-performance liquid 
chromatography 


Indoprofen, 4-( 1,3-di hydro-1 -oxo-2H-isoindol-2-y1) - 
a-methylbenzeneacetic acid (I), has been reported to have 
analgesic activity in animals and humans (1-4). In an 
earlier report (5 ) ,  a reversed-phase high performance liquid 
chromatographic (HPLC) method was presented for the 


quantitation of drug levels in plasma and urine samples. 
This method was very simple and had sufficient sensitivity 
for determination of microgram per milliliter levels. 
However, in certain cases, such. as determinations in later 
plasma time point samples for pharmacokinetic studies 
or in physiological fluids such as milk where the drug level 
is expected to  be low, a more sensitive technique is re- 
quired. Therefore, a sample preparation procedure was 
developed that provides the necessary cleanup and sen- 
sitivity for low level analyses. The method has the neces- 
sary precision and accuracy to provide quantitative data 
for nanogram indoprofen levels in milk samples and may 
be applicable to other physiological fluids containing low 
drug levels. 


EXPERIMENTAL 


Apparatus a n d  Reagents-The liquid chromatograph consisted of 
a high-pressure pump', a loop injector2, a UV detector3, and a strip-chart 
recorder". The chromatographic column was pBondapak C1e5 (300 X 4 
mm i.d.). 


Model 6 0 0 A .  Waters Associates, Milford. Mass. 
Model U6K, Waters Associates, Milford Mass. 


3 Model 440, Waters Associates, Milford, b a s s .  
4 Model SR-240, Heath/Schlurnberger Instruments, Renton Harbor, Mich. 
5 Waters Associates, Milford, Mass. 
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syrup had very little effect while the higher salt concentrations caused 
I1 to “oil out” extensively (Table 111). The oily precipitation was a salt- 
ing-out phenomenon in which the monomeric solubility of I1 was reduced 
(11). Demicellization also may have occurred due to electrostatic sup- 
pression of the charge on the micelles by the increased ionic environ- 
ment. 


Effect of Salts on Viscosity-Inorganic salts also affect the viscosity 
of clindamycin palmitate hydrochloride solutions. Salt concentrations 
of -400-800 mg/liter in syrup solutions of I1 caused the viscosity to in- 
crease with a fairly sharp peak. When concentrations were converted to 
anionic strength, as was done for the critical oiling-out point, a very close 
grouping of the peaks was obtained (Fig. 5). The anionic strengths of the 
peaks ranged from 0.011 to 0.013, the same range in which haziness or 
turbidity started in I1 solutions. A t  concentrations above this critical 
range, the viscosity was back to baseline levels well below the oiling-out 
point. 


The chlorides were particularly effective in raising viscosity. Their 
peaks exceeded 1600 cps whereas the carbonate and sulfates produced 
more modest maxima. The common ion effect may have been dominant 
here, suppressing the dissociation of the I1 hydrochloride salt and thereby 
reducing the electrostatic repulsion forces between micelles (and also 
molecules). This can lead to increased intermicellar and intermolecular 
association forming flow-resistant aggregates or structures. 


Following this hypothesis, as the salt concentrations increased, 
structure formation by I1 molecules increased until precipitation began, 
as evidenced by turbidity. The viscosity then peaked out and declined 
as the drug precipitated out in oily microdroplet form. Well beyond the 
peak viscosity, the oil droplets coalesced to form visible oil particles, a t  
which point the precipitation was nearly complete. 
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Abstract A reversed-phase high-performance liquid chromatographic 
procedure with UV detection at  280 nm is presented for the determina- 
tion of 6-hydroxydopa, tyrosine, 3-O-methyldopa, and other trace amino 
acid impurities in levodopa preparations. The method is fast and suffi- 
ciently sensitive to determine trace impurities a t  0.1% of the levodopa 
concentration with a relative standard deviation of 4-6%. The trace im- 
purities can be estimated at  50.01%. 


Keyphrases Levodopa-analysis, high-performance liquid chroma- 
tography, amino acid impurities, commercial preparations 0 Antipar- 
kinsonian agents-levodopa, high-performance liquid chromatographic 
analysis, amino acid impurities, commercial preparations High-per- 
t’orrnance liquid chromatography-analysis, levodopa, amino acid im- 
purities, commercial preparations 


Current USP requirements (1) limit the impurities in 
levodopa [~-3-(3,4-dihydroxyphenyl)alanine] preparations 
to 0.1% of the levodopa concentration for 6-hydroxydopa 
[3-(2,4,5-trihydroxyphenyl)alanine] and to 0.5% for 3- 
0-methyldopa [3-methoxytyrosine or 3-(4-hydroxy-3- 
methoxypheny1)alaninel. The designated USP method (1) 
for the estimation of these impurities is a TLC technique 
with a cellulose stationary phase and an acetic acid-bu- 
tanol-methanol-water mobile phase. However, this lab- 
oratory found that the USP method suffers from a rather 
lengthy analysis time (>5 hr) and from the fact that the 


6-hydroxydopa spot is not easily visualized. In addition, 
tyrosine, a frequently observed levodopa impurity, yields 
a spot with nearly the same Rf as 3-0-methyldopa. For 
these reasons, a quicker, simpler, and more universal 
method would be preferred. 


BACKGROUND 


A GLC procedure for the determination of levodopa purity was de- 
veloped (2). However, this technique requires derivatization and was 
developed for impurities at a level of 1% with a stated detection limit for 
each component of 4.1%. Thus, a more sensitive method is needed. 


The standard amino acid analyzer procedure of separation on an ion- 
exchange column followed by detection of the ninhydrin color-forming 
reaction (3) was attempted but had long elution times (>80 min) and 
resulted in incomplete resolution of 3-0-methyldopa from tyrosine with 
the pH 3.4 citrate buffer employed’. Because of the greater speed and 
efficiency associated with microparticulate reversed-phase materials as 
opposed to ion-exchange materials (4) and because of the need to deri- 
vatize the amino acids (5) or to deposit a liquid phase on the solid support 
(6) when normal phase materials are used, a technique involving re- 
versed-phase high-performance liquid chromatography (HPLC) was 
sought. 


Knox and Jurand (7) resolved tyrosine from levodopa with reversed- 
phase HPLC by employing “soap” or ion-pair chromatography; the re- 


~ 


1 G. S. Denning, Jr., and G. Ginther, Norwich-Eaton Pharmaceuticals, Nonvich, 
N.Y., unpublished resulta, 1970. 
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Table I-Linearity R 
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Figure 1-Chromatographic trace of a standard solution containing 
1 mg of levodopalml ( A ) ,  0.146% 5-hydroxydopa ( B ) ,  0.099% 6-hy- 
drorydopa (C),  0.105% tyrosine (D), 0.150% 3-0-methyldopa ( E ) ,  
0.118% 3-(3-hydroxy-4-methoxyphenyl)alanine (F), and -0.1 mg of 
ascorbic acidlml (C ). 


tention arises from either the modification of the hydrophobicity of the 
hydrocarbon-bonded phase by the adsorption of ion-pairing molecules 
(8) or the formation of neutral ion-pairs in the eluent (9). However, to 
obtain reasonably short retention times and sharp peaks, an acid con- 
centration of M (pH -1.8) was employed, a requirement that can 
lead to slow hydrolysis of the bonded alkyl groups and eventual column 
deterioration (7) (pH 2 is the lower limit specified by column manufac- 
turers). Raising the pH to -2.4 greatly increased the retention times 
(from -15 to -25 min for tyrosine), indicating long analysis times (7). 


Recently, Molnar and Horvath (10,ll) reported the reversed-phase 
HPLC separation of catecholamines and metabolites (including tyrosine 
and levodopa) utilizing a purely aqueous phosphate buffer mobile phase 
without ion-pairing reagents. The retention mechanism is apparently 
the association of the hydrophobic moiety of the molecule with the hy- 
drocarbon-bonded phase, the driving force being the decrease in the 
nonpolar surface area exposed to the aqueous eluent (12). This paper 
evaluates a similar technique for determining 6-hydroxydopa, 3-0- 
methyldopa, tyrosine, and other related trace amino acid impurities in 
levodopa. 


EXPERIMENTAL 
Apparatus-A high-performance liquid chromatograph2 with an in- 


jection valve and a 280-nm UV detector was used. A commercial3 30-cm 


* ALC/GPC 202 equipped with an M6000 pump and a U6K injector, Waters 
Aesoeiates, Milford, Maas. 


pBondapak CIS, Waters Associates, Milford, Mass. 


~~ 


3-Hy- 
droxy- 
4-me- 


5-Hy- 6-Hy- 3-10- thoxy- 
droxy- droxy- Tyro- Methyl- phenyl- 


Parameter doDa doDa sine doDa alanine 


Correlation 0.9968 0.9997 0.9997 0.9997 0.9997 


Standard error of 1.29 1.95 0.453 1.35 0.565 


Variationr, ?h 6.9 2.4 1.8 1.7 2.0 


coefficient 


estimate (Sy/s) 
Intercepta, ?h -3.7 -3.6 13.4* 13.3b 0.72 


0 The (y intercept/y) X 100, wherey is the average y. The significant positive 
intercepts observed for thesecompounds are duetu the presence of these amino acids 
as trace impurities in the levodopa. c (Sy,x&) X 100. 


X 3.9-mm i.d. stainless steel column was obtained prepacked with totally 
porous 10-pm average diameter silica particles containing an octadecyl 
monolayer chemically bonded to the silica. The flow rate was 2.0 ml/ 
min. 


Reagents and Materials-Levodopa, 6-hydroxydopa, tyrosine, and 
3-0-methyldopa equivalent to USP specifications were used. In addition, 
an azalactone amino acid synthesis was used to prepare 5-hydroxydopa 
[3-(3,4,5-trihydroxyphenyl)alanine] (13) and 3-(3-hydroxy-4-methoxy- 
pheny1)alanine (14). All other reagents and chemicals were ACS reagent 
grade or equivalent. 


Mobile Phase-A 0.01 M NaH2P04 solution was adjusted to pH 2.5 
with phosphoric acid. This solution was filtered daily through a 0.5-pm 
membrane filter4 and degassed prior to use. 


Levodopa Standard Solution-A standard trace amino acid solution 
was prepared by accurately weighing (using an ele~trobalance~) 1-5-mg 
quantities of the amino acids to be determined, transferring them to a 
100-ml volumetric flask, dissolving them with 10 ml of 0.1 M phosphoric 
acid, and diluting the solutions to volume with distilled water. About 50 
mg of reference standard levodopa was accurately weighed and trans- 
ferred to a 50-mi volumetric flask and dissolved with 5 ml of 0.1 M 
phosphoric acid. Exactly 5.0 ml of the standard trace amino acid solution 
and -5 mg of ascorbic acid were added to the flask, and the contents were 
diluted to volume with distilled water. (The ascorbic acid was added to 
inhibit 6-hydroxydopa oxidation.) 


Sample Solution-A quantity of the typical commercial levodopa 
preparation sufficient to yield 50 mg of levodopa was weighed and 
transferred to a 50-ml volumetric flask. Five milliliters of 0.1 M phos- 
phoric acid and 5 mg of ascorbic acid were added. The flask was shaken 
mechanically for 15 min to effect levodopa dissolution, and the solution 
was diluted to volume with distilled water. A portion of the sample was 
centrifuged and filtered through the 0.5-pm filter. 


Synthetic samples containing known quantities of trace amino acid 
impurities were prepared by adding 1-mg quantities of the accurately 
weighed trace amino acids to a 1-liter volumetric flask containing a 
quantity of the levodopa preparation sufficient to yield 1 g of levodopa. 
About 100 mg of ascorbic acid was added, and the dry mixture was shaken 
mechanically for 15 min. Prior to analysis, 100 ml of 0.1 M phosphoric 
acid was added to the flask, and the flask was shaken mechanically for 
15 min to effect dissolution. The contents were diluted to volume, and 
a portion was centrifuged and filtered as before. 


Sample Analysis and Linearity-Fifty microliters of the standard 
and sample solutions were injected. The amount of each trace amino acid 
present in the sample, expressed as percent of levodopa concentration, 
was calculated from: 


% levodopa = 0.1 W,(h,/h,) (Eq. 1) 
where W, is the weight, in milligrams, of the trace amino acid used to 
prepare the standard trace amino acid solution, and h, and h, are the 
peak heights observed for the sample and standard solutions, respec- 
tively. 


A linearity study was performed by analyzing actual sample solutions 
containing known quantities of amino acid impurities. 


RESULTS AND DISCUSSION 


A sample chromatogram obtained with a new column is shown in Fig. 


4 Millipore. 
Cahn Instrument Co., Paramount, Calif. 
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Table 11-Analysis of Spiked Samples 


Average 
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Recov- 


Added, Found, Added, Found, Added, Found, Added, Found, Added, Found, Added, Found, eredo, 
Compound % % % % % % % % % % % % % 


6-Hydroxydopa 0.099 0.098 0.112 0.110 0.142 0.145 0.104 0.095 0.096 0.095 0.060 0.059 98 (4) 
Tyrosine 0.106 0.088 0.100 0.085 0.115 0.108 0.161 0.134 0.141 0.130 0.080 0.069 87 (5) 
3-0-Methvldopa 0.110 0.104 0.100 0.105 0.150 0.157 0.128 0.123 0.135 0.123 0.178 0.166 97 (6) 
5-Hydroxydopa 0.139 0.160 115 
3-Hydroxy -4-methoxy - 0.084 0.092 110 


phenylalanine 


Values in parentheses are relative standard deviations (la) for the data. 


Table 111-Analysis of Commercial Samples for Trace Amino Acid Impurities 


Levodopa 
Sample Dosage, mg 6-Hydroxydopa, % Tyrosine, % 3-O-Methyldopa, % 


250 
100 
100 
100 
250 
500 


0 
0.005 
0 
0.007 
0.003 
0 


0.013 (0.003)O 
0.010 
0.012 
0.022 
0.017 
0.012 


0.02 (0.0l)a 
0.202 
0.010 


0 
0.010 


- 


~ 


0 Values in parentheses are standard deviations (lo); n = 4. Data were obtained on 4 separate days with two different columns. 


1. The two USP-monitored compounds, 6-hydroxydopa and 3-0-meth- 
yldopa, as well as the frequently observed impurity tyrosine and 
the related compounds 5-hydroxydopa and 3-(3-hydroxy-4-methoxy- 
phenyl)alanine, all were resolved. A much older column, which had shown 
loss of resolution through long usage with other reversed-phase separa- 
tions, still yielded acceptable resolution of all amino acids in the present 
study, although the retention times of the slower eluting components were 
-30% less with this column. Increasing the eluent pH from 2.5 to 1 3  
further reduced the retention times observed with both columns and 
resulted in a significant loss of resolution between the 6-hydroxydopa 
and levodopa peaks. 


Linearity data for the trace amino acids are presented in Table I. 
Linearity was observed over the concentration ranges studied: 0.02-0.2% 
for 6-hydroxydopa and tyrosine, 0.04-0.2% for 5-hydroxydopa and 3- 
(:~-hydroxy-4-methoxyphenyl)alanine, and 0.06-0.6% for 3-0-methyldopa 
(0.1% represents 50 ng of injected sample). 


Samples spiked with known quantities of trace amino acids yielded 
the recovery values listed in Table I1 after correction for any trace 
quantities of amino acids initially present (usually <0.02%). The results 
indicate sufficient precision and accuracy for trace analysis at the 0.1% 
level. 


The results of an analysis of several commercial levodopa preparations 
from four different manufacturers are listed in Table 111. Except for 
Sample 2, the trace impurities were 50.02%. [Sample 4 contained 10 mg 
of carbidopa as an active ingredient, which interfered with both the 
HPLC and the TLC determinations of 3-O-methyldopa, although the 
two compounds could be resolved by increasing the HPLC eluent pH to 
3.5 (151.1 


The method employed is relatively fast. Prior derivatization, the ad- 
dition of a liquid stationary phase, or the addition of an organic solvent 
or ion-pairing reagent to the mobile phase is not required. Less than 1.5 
hr is required for the preparation of the eluent, standard, and sample 
solutions, and <15 min is required for elution of the major amino 
acids. 


The method also is sufficiently precise without an internal standard 
and sufficiently sensitive to determine accurately trace contaminants 
at the 0.1% level and to estimate them at levels of <0.01%. The resolution 


problems associated with the amino acid analyzer and TLC approaches 
are avoided, and the chromatogram is a documented record that yields 
an objective evaluation of the impurity content as opposed to subjective 
evaluation of the intensities of TLC spots. 
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Comparison of GLC and High-pressure 
Liquid Chromatographic Methods for 
Analysis of Urinary Pseudoephedrine 


~ ~ 
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pseudcephedrine, comparison with high-pressure liquid chromatographic 
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To the Editor: 
We recently reported a simple high-pressure liquid 


chromatographic (HPLC) method for the simultaneous 
determination of pseudoephedrine, chlorpheniramine, and 
their metabolites in urine (1). This method is specific and 
sensitive, has 98% recovery, and has been used successfully 


fluorobutyric2 acid for derivatization. The solvent then was 
acid washed to remove the excess reagent before GLC 
analysis. 


The HPLC method (1) involved extraction of urine 
containing pseudoephedrine and norpseudoephedrine into 
ether-methylene chloride (70:30), followed by back-ex- 
traction into 0.5% phosphoric acid containing the internal 
standard (imipramine5). A portion of the acidic layer was 
injected for analysis. 


The GLC and HPLC methods produced essentially 
identical results (Table I) for pseudoephedrine; the cor- 
relation between their results was highly statistically sig- 
nificant ( r  = 0.996, p < 0,001). Both methods showed 
minute norpseudoephedrine concentrations in these 
subjects. On the average, these subjects excreted 91% of 
the dose as intact pseudoephedrine, which is consistent 
with the data reported previously (1). The HPLC method 
does not resolve pseudoephedrine from ephedrine; 


Table I-Comparison of the GLC and HPLC Methods for the Determination of Urinary Pseudoephedrine 


Pseudoephedrine Hydrochloride“, pg/ml 
Urinary Excretion Subject 1 Subject 2 Subject 3 


Time, hr GLC HPLC GLC HPLC GLC HPLC 


-2-0 0.00 0.00 0.00 0.00 0.00 0.35 
0-12 41.9 41.3 46.3 43.7 43.5 42.3 


12-24 32.6 34.1 47.9 50.2 44.2 42.3 
24-48 7.24 8.43 8.29 9.65 3.19 3.87 


‘1 Determined in duplicate. Each value represents pseudoephedrine hydrochloride equivalents. 


to study pseudoephedrine pharmacokinetics in humans. 
In this communication, the specificity of the HPLC 
method for pseudoephedrine is compared with that of a 
reported GLC method (2). 


Standards were prepared by spiking blank human urine 
samples with pseudoephedrine’ and its metabolite, 
norpseudoephedrine2. Urine samples from three normal 
subjects were collected at  intervals of -2-0,O-12,12-24, 
and 24-48 hr after they received a capsule3 containing 120 
mg of pseudoephedrine hydrochloride and 8 mg of chlor- 
pheniramine maleate. These samples and the standard 
urine samples were assayed (blinded study) independently 
in duplicate for pseudoephedrine and norpseudoephedrine 
by the HPLC (1) and GLC (2) methods. 


The GLC method (2) involved extraction of urine sam- 
ples containing pseudoephedrine, norpseudoephedrine, 
and ephedrine4 (internal standard) into benzene. To a 
portion of the benzene were added pyridine and hepta- 
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ephedrine is used as the internal standard for the GLC 
method and it does not present a specificity problem in 
either method. The results indicate that the methods are 
equally specific for pseudoephedrine, with the HPLC 
method being less time consuming. 
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Table I-pKa Values of Some Aniline Derivatives 


Substance Substituent Position pKa’ 


Aniline - - 4.60b 
Aniline Benzoyl 4 2.2c 
Aniline Chloro 4 3.9ab 
N- Methylaniline - - 4.85b 
N-Methylaniline Chloro 4 3.9c 


At 25”. References 10 and 1 1 .  Reference 1 1 .  


absorbance, both in relation to the increasing sample 
acidity. The I pKa was calculated from Eq. 1 (9) to be 1.45 
f 0.043: 


pKa = pH t log ( A b  - A / A  - Ai)  (Eq. 1) 


where Ab, Ai, and A = the absorbances of the nonionized 
base, the conjugate acid, and the various samples, re- 
spectively. 


The pKa values of substituted anilines such as I are 
lowered more by an ortho- than by a meta- or para-elec- 
tron-withdrawing substituent (10,ll).  Thus, the inductive 
effect of 2-benzoyl and 4-chloro groups on N-methylaniline 
(i.e., I) as regards the pKa of the anilino nitrogen atom 
would be predicted to exceed that of the sum of these 
substituents at the 4-position. From Table I, the pKa 
differences among anilines substituted with N-methyl, 
4-benzoyl, and 4-chloro groups are 0.25, -2.4, and -0.62 
units, respectively. The arithmetic sum of these differences 
is -2.77 units, thereby predicting a pKa of -1.8 (i.e., 4.6 
- 2.8) for I. However, the pKa lowering caused by a 4- 
chloro substituent is 0.1 unit greater for N-methylaniline 
than for aniline. Therefore, the observed anilino pKa 
decrements (Table I), augmented by the expected superior 
electron-inducing capability of a 2-benzoyl (ortho) over 
that of a 4-benzoyl N-methylaniline substituent, appear 
to be in reasonable agreement with the pKa estimate of 
1.4-1.5 for I. 
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Drug Dissolution within a Cascade 
Barrier Bed 


~ ~~ 


Keyphrases 0 Dissolution-test apparatus, cascade barrier bed 
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bed 0 Cascade barrier bed-for testing drug dissolution 


To the Editor: 


When dissolution limits the rate of drug absorption, in 
oitro dissolution tests are useful for quality control or in 
formulation development only if they correlate well with 
in oiuo drug levels. Where satisfactory correlations have 
not been found, differences in solubility behavior among 
the polydisperse particles produced during dosage unit 
disintegration may be a factor. Where the relative intrinsic 
solubilities of particles are size dependent and sensitive 
to formulation variables, a single dissolution test method 
cannot be relied upon. Depending on the desired degree 
of resolution among formulations, at least two procedures 
are needed that produce linearly independent functional 
relationships between particle size and dissolution hy- 
drodynamics. To accomplish this result, they must con- 
trol the dissolution fluid mechanics as a function of particle 
size. 


This communication discusses a cascade barrier bed test 
method, which complements existing procedures by pro- 
viding distinctly different dissolution conditions. It differs 
from the USP-NF (1,2), stationary basket-rotating filter 
(31, and flowthrough cell (4, 5 )  methods by favoring the 
dissolution of small particles over large. 


The device consist,s of a vertical cylindrical cell (Fig. I). 
It is partially filled with discrete layers, B, of uniformly 
sized, silanized glass balls. The ball size of each layer is 
successively increased from the bottom to the top of the 
bed. The prototype tested contained five layers, each 6.25 
cm in height and composed of 0.25-, 0.56-, 1-, 2-, and 4-mm 
balls. The cell was 50 cm in height X 1.9 cm i.d. 


In preparation for a run, solvent was introduced through 
the efflux chamber, C, to the top of the previously loaded 
bed so as to preclude air entrapment. The powder was then 
placed on top of the bed; the solvent receiving chamber, 
A, was filled with solvent; and flow was initiated. Flow was 
controlled and maintained by hydrostatic pressure; solvent 
flowed from an elevated reservoir through Tygon tubing 
to the receiving chamber, A. Samples of effluent were 
collected through tubing attached to chamber C and as- 
sayed. A sintered-glass frit, D, retained and supported the 
bed within the cell. 


In operation, drug particles are carried into the bed by 
viscous drag forces and by gravity to a level where they are 
trapped. Their location is determined by drug particle size 
and the pore size characteristic of each layer in the bed. 
Particles from polydispersed systems are thus separated 
into various size fractions within the bed. 


Although fluid flow fields in this type of packed bed are 
complicated, the hydrodynamics within the various layers 
are simply related. With column and ball diameters in a 
practical range for dissolution testing, random packing 
fractions of uniform spheres are size independent. For a 
constant column cross-sectional area, the average linear 
velocity of the solvent also will be constant throughout the 
bed for incompressible fluids. Voids and pores are geo- 
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Figure I-Cascade barrier bed 
cell. Key: A, solvent receiving 
chamber; R, layers of monodis- 
perse silanized glass balls; C, sol- 
vent efflux chamber; and D, sin- 
terpd-glass frit for bed support. 


metrically similar among the various bed layers and have 
dimensions in direct proportion to ball size. Therefore, 
solvent laminar flow shear rates are inversely proportional 
to bail size at equivalent locations within the voids and 
pores of various layers. This result is a direct consequence 
of the principle of geometric similarity from dimensional 
analysis of fluid mechanics (6). Under these conditions, 
shear rate gradients are inversely proportional to the 
square of ball dimension. No loss of solubility rate de- 
pendency on particle size will occur in going from sink to 
nonsink conditions, provided significant saturation does 
not occur in a single pass of solvent through the cell. 


Table I-Regression Coefficients for Sulfadiazine Dissolution by 
Cascade Barrier Bed (CBB) and USP Basket Methods 


~ 


Linear Quadric 


diazine, Size, b X lo3, c x lo5, 
Sulfa- Particle Coefficient, Coefficient, 


Method mg mesh min-* min-* 


CBB 10 1001200~ 21.0 31.4 
I 0  30/504 2.7 1.6 


100/200b, 14.5 19.7 
30150 


5 ,5  
- .. . . 


USP 10 1001200" 11.1 9.1 
10 3O/5On 2.5 2.6 


5 , 5  100/200 b, 7.1 5.4 
30150 


(I Average of duplicate runs. * Average of triplicate runs. 


0 20 40 60 80 


MINUTES 


Figure 2-Sulfadiazine dissolution data from cascade barrier bed 
method. Key: 0, IO-mg mixture of equal meights of fine and coarse 
powders; and a, sum of fraction dissolved from separate runs of 5 mg 
of  the individual, unmixed fine and coarse powders. 


It is apparent that the size and quantity of balls com- 
prising the layers, B, the desirable number of such layers, 
and the solvent selected will depend on the size distribu- 
tion, the amount of multiparticulate material, excipients, 
and drug solubility. The preliminary experiments reported 
were designed to test the operation of the fluid mechanical 
principle, which is the basis of the method. 


The prototype cell was tested using deaerated 0.01 N 
H2S04 at  a flow rate of 30 ml/min under sink conditions. 
For comparison, the USP-NF rotating-basket method was 
run at 120 rpm using the same solvent, essentially under 
sink conditions due to low saturation levels. Sulfadiazine 
USP powder was compressed into tablets, coarsely ground 
in a mortar, and screened through U.S. standard sieves. 
Two size fractions were used as test materials: those 
passing a 30-mesh and retained on a 50-mesh sieve and 
those passing a 100-mesh and retained on a 200-mesh 
sieve. 


The nondisintegrating powders were placed either on 
top of the bed or in the basket', depending on the appa- 
ratus, a t  the start of each run. All experiments were con- 
ducted at  25 f 0.lo, and samples withdrawn at  3-5-min 
intervals were assayed by UV absorption at 243 nm. The 
cumulative fraction dissolved, f ,  was fitted to the equation 
f = bt - c t 2  by the method of least squares. Results are 
shown in Table I. Equally satisfactory cleaning of the cell 
following a run was obtained by simply continuing solvent 
flow or by disassembly and washing with solvent. 


The ratio of the initial dissolution rate of the small 
particles to that of the large particles can be taken as the 


~ ~ ~~~ 
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ratio of the corresponding b values. These ratios are 7.7 and 
4.4 for the cascade barrier bed and USP methods, respec- 
tively. If a uniform size distribution for each powder 
fraction is assumed, the finer powder should have ap- 
proximately four times the specific surface area of the 
coarse powder. Thus, the initial dissolution rate per unit 
surface area of the fine powder is nearly twice that of the 
coarse powder for the cascade barrier bed method and is 
comparable to the coarse powder for the USP method. 
These observations conform to expectations based on 
apparatus design and fluid mechanical theory. 


Figure 2 shows the cascade barrier bed dissolution be- 
havior of a.mixture of 5 mg each of the fine and coarse 
sulfadiazine powders. For comparison, results of separate 
cascade barrier bed runs of 5 mg of the individual powder 
grades were added and the sum was plotted. The two plots 
closely correspond and indicate independent dissolution 
behavior of the two powder fractions within the bed. 


These findings do not indicate the superiority of one in 
uitro dissolution apparatus over another. Instead, they 
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suggest that, where particle-size effects prevent useful 
correlations with in uiuo drug levels, parallel use of two 
such contrasting methods is necessary. 
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REVIEWS 


Analytical Profiles of Drug Substances, Volume 7. Edited by KLAUS 
FLOREY. Academic, I l l  Fifth Ave., New York, NY 10003. 1978. ix 
+ 504 pp. 15 X 23 cm. 
Volume 7 of this series includes individual drug monographs dealing 


with supplementary information that is not listed in the official com- 
pendia. The entire series of volumes was undertaken as a cooperative 
venture by the Pharmaceutical Analysis and Control Section, Academy 
of Pharmaceutical Sciences. The profiles of drug substances in each 
volume are submitted by contributors and checked by selected reviewers. 
A typical profile includes such topics as a description of the compound 
(name, formula, molecular weight, color, odor, and salts), physical 
properties (IR, NMR, UV, and mass spectra, melting or boiling point, 
solubility, partition coefficient, and dissociation constant), syntheses, 
stability, analysis methods, and metabolism and pharmacokinetic 
data. 


The monographs include up-to-date references, and many contributors 
state that their references are complete through a certain year, a worth- 
while piece of information for the reader. Among the drugs covered in 
Volume 7 are allopurinol, amoxicillin, chlorpheniramine maleate, dihy- 
droergotoxine methanesulfonate, diphenoxylate hydrochloride, dro- 
peridol, epinephrine, ethambutol hydrochloride, fluoxymesterone, 
hexetidine, hydroflumethiazide, hydroxyzine dihydrochloride, 6-mer- 
captopurine, phenobarbital, sulfamethazine, thiostrepton, trimethoprim, 
and tuhocurarine chloride. 


The entire series should be included in school of pharmacy library 
reading rooms and in university science libraries. They contain important 
drug data that have not been available previously in one single reference 
source. The series is not meant to be used as a textbook but can be em- 
ployed effectively as reference material for any pharmaceutical or me- 
dicinal chemistry course. 


Reoiewed by James T. Stewart 
School of Pharmacy 
University of Georgia 
Athens, G A  30602 


NOTICES 


Acta Facultatis Pharmaceuticae. Universitatis Comenianae. X X X .  
1977.221 pp. 17 X 24 cm. 


Advances in Modern Toxicology. Vol. 1. New Concepts in Safety Eual- 
uation, Part 2. Edited by MYRON A. MEHLMAN, RAYMOND E. 
SHAPIRO, and HERBERT BLUEMENTHAL. Wiley, One Wiley 
Drive, Somerset, NJ 08873. 1979. 191 pp. 14 X 23 cm. 


The Aqueous Cytoplasm. Contemporary Biv-physics Series, Vol. 1.  
Edited by ALEC D. KEITH. Dekker, 270 Madison Ave., New York, 
NY 10016. 1979.230 pp. 14 X 23 cm. Price $27.50. 


Clinical Laboratory Statistics. 2nd Ed. By ROY N. BARNETT. Little, 
Brown, 34 Beacon St., Boston, MA 02106.1978.237 pp. 15 X 23 cm. 


Comparative Endocrinology of Prolactin. By D. M. ENSOR. Wiley, 605 
Third Ave., New York, NY 10016. 1978. 309 pp. 15 X 23 cm. Price 
$45.00. 


Drugs and the Special Child. Edited by MICHAEL JAY COHEN. Wiley, 
One Wiley Drive, Somerset, NJ 08873. 1979.258 pp. 15 X 23 cm. Price 
$18.95. 


Environmental Health Criteria 5: Nitrates, Nitrites, and N-Nitroso 
Compounds. Published under the joint sponsorship of the United 
Nations Environment Programme and the World Health Organization, 
Geneva, Switzerland. 1978. 207 pp. 13 X 21 cm. Price $5.00. 


Evaluation and Optimization of Laboratory Methods and Analytical 
Procedures. A Survey of Statistical and Mathematical Techniques. 
By DESIRfi L. MASSART, AUKE DIJKSTRA, and LEONARD 
KAUFMAN. Elsevier/North-Holland Inc., 52 Vanderbilt Ave., New 
York, NY 10017.1978.596 pp. 16 X 24 cm. 


Computers in  the Clinical Laboratory: An Introduction. Clinical and 
Biochemical Analysis: A Series of Monographs and Textbooks, Vol. 
8. By E. CLIFFORD TOREN, Jr., and ARTHUR A. EGGERT. Dek- 
ker, 270 Madison Ave., New York, NY 10016.1978.166 pp. 15 X 23 cm. 
Price $19.75. 


CuttingS Handbook of Pharmacology. The Actions and Uses of Drugs, 
6th Ed. By T. Z. CSKAY. Appleton-Century-Crofts, 292 Madison Ave., 
New York, NY 10017.1978.697 pp. 14 X 23 cm. 


940 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 7, July 1979 












ometry. The stomach is neither circular nor does its average diameter 
approximate that of the small intestine. Consequently, there is no reason 
to expect that simultaneous excitation of the muscularis mucosa and 
inhibition of the tunica muscularis would increase intraluminal pressure 
sufficiently to register with a water-filled intraluminal recording balloon, 
and the contrary might well be the case if the external effector layers are 
indeed inhibited. 


No acceptable adaptation of the split bowel preparation to the stomach 
appears practical, but indirect means are available to estimate a t  least 
the presence or absence of spontaneous motor activity. Such demon- 
strations will be necessary to determine whether the observed net inhi- 
bition of canine gastric motor activity is due to the relative geometries 
of coupled effector systems. 


With the canine small intestine, paradoxical motor effects were ob- 
served by intraluminal pressure measurements, probably because the 
test agents had opposite effects on the two muscle layers. This is amply 
illustrated in Fig. 8, which shows the effect of somatostatin on the canine 
ileum. Clearly, the tunica muscularis is inhibited and the muscularis 
mucosa is stimulated, while an overall stimulatory effect is seen from an 
intraluminal balloon in an adjacent intact small bowel segment. These 
data confirm and explain the excitation mechanism reported by several 
investigators (1-3) in the somatostatin effect on the motor activity of the 
canine small intestine. These results also lead to the conclusion that the 
circular components of the canine small intestine muscularis mucosa 
possess physiologically significant contractile powers. 


The overall significance of these findings is that both the canine and 
human small intestine constitute pharmacologically separate, but me- 
chanically coupled, muscular systems, either one of which can show ex- 
citation when the coupled effects are measured by any system that does 


not differentiate the identity of the effector system involved. In the fu- 
ture, it will be necessary to evaluate motor effects of test agents on a 
separate basis. Those that have been reported to produce paradoxical 
effects should be reevaluated. Obviously, the use of the split bowel 
technique would not be appropriate for chronic preparations, but these 
results also suggest a cautious interpretation of the mechanisms from 
experimental data obtained from either open-ended catheters or intra- 
luminal pressure telemetry capsules. 
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Abstract A previously reported high-performance liquid chromato- 
graphic (HPLC) method for indoprofen determination in physiological 
fluids was modified and extended to provide quantitative data on drug 
concentrations in human milk samples at a low nanogram per milliliter 
level. The reversed-phase HPLC technique was modified to give a better 
separation of the drug and milk components. To achieve the necessary 
cleanup for low level determination, the milk samples required protein 
precipitation, liquid-liquid drug extraction, and concentration. Excellent 
indoprofen recovery was obtained with this technique; the average re- 
covery from 20 milk samples spiked with various nanogram drug levels 
was 95%. The analytical technique showed excellent reproducibility; the 
calibration solutions over 15 days had a relative standard deviation of 
3.2%. Results for indoprofen levels in milk and plasma samples from seven 
subjects who received either a single or multiple oral drug dose are pre- 
sented. 


Keyphrases o Indoprofen-analysis, high-performance liquid chro- 
matography, human milk 0 High-performance liquid chromatogra- 
phy-analysis, indoprofen, human milk o Anti-inflammatory agents- 
indoprofen, high-performance liquid chromatographic analysis, human 
milk 0 Milk, human-analysis, indoprofen, high-performance liquid 
chromatography 


Indoprofen, 4-( 1,3-di hydro-1 -oxo-2H-isoindol-2-y1) - 
a-methylbenzeneacetic acid (I), has been reported to have 
analgesic activity in animals and humans (1-4). In an 
earlier report (5 ) ,  a reversed-phase high performance liquid 
chromatographic (HPLC) method was presented for the 


quantitation of drug levels in plasma and urine samples. 
This method was very simple and had sufficient sensitivity 
for determination of microgram per milliliter levels. 
However, in certain cases, such. as determinations in later 
plasma time point samples for pharmacokinetic studies 
or in physiological fluids such as milk where the drug level 
is expected to  be low, a more sensitive technique is re- 
quired. Therefore, a sample preparation procedure was 
developed that provides the necessary cleanup and sen- 
sitivity for low level analyses. The method has the neces- 
sary precision and accuracy to provide quantitative data 
for nanogram indoprofen levels in milk samples and may 
be applicable to other physiological fluids containing low 
drug levels. 


EXPERIMENTAL 


Apparatus a n d  Reagents-The liquid chromatograph consisted of 
a high-pressure pump', a loop injector2, a UV detector3, and a strip-chart 
recorder". The chromatographic column was pBondapak C1e5 (300 X 4 
mm i.d.). 


Model 6 0 0 A .  Waters Associates, Milford. Mass. 
Model U6K, Waters Associates, Milford Mass. 


3 Model 440, Waters Associates, Milford, b a s s .  
4 Model SR-240, Heath/Schlurnberger Instruments, Renton Harbor, Mich. 
5 Waters Associates, Milford, Mass. 
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Tab le  I-lndoprofen Recovery from Human Miik 


Subject 


1 
1 
2 
2 
3 
3 
3 
4 
5 
5 
6 
6 
7 


Hours after Indoprofen Calculated Indoprofen/0.5 ml of Milk, ng 
Administration Added, ng Neat Spiked Recovery, % 


Baseline 
Baseline 
Baseline 
Baseline 
Baseline 
Baseline 
Baseline 


Part  A 
10 NDc 
25 T r b  
10 
50 
25 
10 
25 


T r  
20c 


ND 
ND 
ND 


11 
33 
13 
77c 


110 
102 
95 
- 


25 100 
10 I00 
23 92 


Average i SD 100 f 6 


12 
48 
12 
24 


2 
12 
24 
26 
26 
50 
26 
50 
50 


25 
200 


25 
25 
25 
50 
50 
50 
50 
50 


17 
ND 


96 
Tr 
39 
99 
11 


229 
137 
211 


86 
68 


109 


37 
20 


124 
23 


225 
117 
30 


239 
171 
246 
138 


88 
80 


112 
92 
94 
96 
83 
94 
91 
94 


102 
118 100 
152 96 


Average i SD 
Overall average 96 


94 f 8 


0 ND = not detected. 6 Tr = trace, indoprofen level <10 ng/ml. Subiect 4 had an interfering milk component eluting 1 min before indoprofen, thus preventing recovery 
calculation. 


Acetonitrile6 was of "distilled in glass" purity. The water was first 
deionized and then distilled to remove contaminants. Hexane7 and ethyl 
acetate7 were of "nanograde" purity. 


An indoprofen reference standard8 was provided, and the internal 
standard was the pentamic acid indoprofen homologe. All calculations 
were made using the internal standard method and the relative weight 
response ( R  WR)  of calibration solutions. 


HPLC Conditions-The HPLC conditions used throughout consisted 
of a gBondapak Cl8 column, 300 X 4 mm i.d., and acetonitrile in 0.175 
M acetic acid, 35:65 for milk samples and 4060 for plasma determina- 
tions. The flow rate was maintained a t  1.0 ml/min, and the temperature 
was ambient. A 280-nm filter was used in the UV detector since in- 
doprofen has a Amax a t  282 nm. Injection volumes varied between 20 and 
100 pl, depending on the drug concentration. 


Sample Preparation Procedure-Since the indoprofen level in 
human milk samples was expected to be low, the analytical technique 
required sensitivity in the low nanogram per milliiiter range. Studies were 
undertaken to define the optimal procedures for extracting the drug from 
milk and concentrating the extract to provide sufficient sensitivity. 


The final method consisted of adding 0.1 ml of 0.1 N NaOH to the milk 
(0.5 ml) to ensure complete ionization of the drug. Then, acetonitrile (2.0 
ml) containing the internal standard was added; the sample was mixed 
and allowed to stand for at  least 1 hr a t  4' to precipitate the protein. The 
sample was centrifuged a t  2000 rpm for 15 min, and the supernate was 
transferred to a culture tube. The supernate was extracted with 3 X 3 ml 
of hexane, which was discarded. The solution was neutralized with 0.1 
N HCI, and the drug was extracted with 1 X 4 ml, followed by 2 x 2 ml 
of ethyl acetate. 


The extracts were combined and evaporated to dryness on a 50' hot 
plate under nitrogen stream. The residue was dissolved in 400 pl of the 
HPLC eluent and filtered through a 0.45-gm9 filter. An aliquot was in- 
jected onto the HPLC column. 


For the indoprofen determination in plasma samples, the method re- 
ported earlier (5) was used and consisted of precipitating the protein with 
acetonitrile and filtering the supernate prior to injection. 


Samples and Sample Handling-Milk and plasma samples were 
obtained from seven subjects who received oral indoprofen doses. All 
subjects were in the early postpartum period. Three subjects received 
a single 200-mg dose in capsules, and the other four were given 2 X 100 
mg of indoprofen every 6 hr for nine doses. A baseline milk sample was 
obtained from each subject before dosing to determine possible inter- 


6 Burdick & Jackson Laboratories, Muskegon, Mich. ' Mallinckrodt Chemical Works, St. Louis, Mo. 
Adria Laboratories, Columbus, Ohio. 
Fttiropore, Millipore Corp., Redford, Mass. 


fering components. Additional samples were obtained a t  2.0, 12,24, and 
48 hr for the single-dose subjects and a t  2.0,26, and 50 hr after the initial 
dose for the multiple-dose subjects. Plasma samples from each subject 
were obtained at 2.0 hr after the initial drug dose and a t  26 and 50 hr for 
subjects receiving multiple doses. All samples were frozen in dry ice im- 
mediately after collection and maintained a t  -80' until analysis. 


Calculations-The calculations were based on an internal standard 
and the relative weight response of calibration solutions. The average 
relative weight response of standards was used to calculate indoprofen 
levels by the following equations: 


P H  I s td  wt I1 RWR std =-X - 
PH I1 wt I s td  


wtI=-x- P H I  wtII  
P H  I1 RWR std 


where PH I and PH I1 are the peak heights and wt I and wt 11 are the 
weights of the drug and internal standard, respectively. 


I 
I I I I I I I  


Ini. 10 20 30 
MINUTES 


Figure 1-HPLC determination of baseline milk.  A .  Patient 3; arrou 
= indoprofen elution position corresponding to  10.4 nglrnl, and peak 
2 = internal standard, 206 ng. H. Patient 7; arrow = indoprofen elution 
position; and peak 2 = internal standard, 41 1 ng. Sample preparation 
and HPLC conditions are giuen in text .  
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Table 11-Indoprofen in Milk and Plasma 


Micrograms of Indoprofen per Milliliter of 
Plasma 


Time from First Dose, hr 
Nanograms of Indoprofen per Milliliter of Milk 


Time from First Dose, hr 
Subject Baseline0 2.0 12 ’ 24 48 2.0 26 50 


1 
2 


Tr  
ND 


3 Tr  


681 34 
Tr 192 
80 198 


4 
5 


Baseline0 2.0 26 50 
Tr  60 459 488 
ND 41 273 422 


Tr  ND 9.4 
Tr Tr 10.5 
Tr  Tr 12.4 


3.4 19.4 15.2 
3.5 5.6 11.3 ._ ~~ - 


6 ND 176 172 136 13.5 9.5 12.4 
l ND Tr 184 219 0.8 6.6 23.8 


Calculated baseline level subtracted from other samples to obtain indoprofen level. ND = not detected. TI = trace, <25 ng/ml. 


Table 111-Day-to-Day Precision of Relative Weight Response of Reference Standards a 


Indoprofen 
Level, Day 
nglml Run 1 3 4 5 9 11 15 


20 1 2.24 2.33 2.38 2.31 - - 2.31 
2 2.21 - - 2.42 
1 2.16 2.22 2.26 2.39 2.18 2.28 2.25 
2 2.23 2.19 - 2.16 2.24 2.26 2.30 


50 


100 1 2.14 - 2.18 2.14 2.17 2.18 2.24 
2 2.22 - 2.20 - 2.24 2.24 2.31 


- - - 


a Average relative weight response = 2.24, SD = f0.07, and RSD = 3.2% 


The recovery of indoprofen added to samples todetermine the proce- 
dure accuracy was calculated as follows: 


X 100 (Eq.3) ng I “spiked” sample 
ng I added + ng I “unspiked sample 


% R =  


where % R is the percent recovery and ng I is the nanograms of indoprofen 
calculated in the spiked and neat (unspiked) sample. 


The analysis precision was determined by analyzing duplicate ahquots 
from each sample and calculating the standard deviation (SDP)  and 
relative standard deviation (RSDP) of pairs: 


(Eq. 4) 
RSDP = SDPlaverage of all A and B X 100 (Eq. 5) 


where A and B are values of duplicate determinations and P is the 
number of pairs. 


SDP = ( I l A  - B I */2 X P)1’2 


RESULTS AND DISCUSSION 


The previously developed HPLC analytical technique had sufficient 
sensitivity and selectivity to detect and measure nanogram quantities 
of indoprofen standards. However, prior to physiological fluid analysis 
a t  these levels, the sample required concentration and the removal of 
possible interfering components. This study was initiated to develop the 
necessary sample cleanup procedure and to determine indoprofen in 
human milk. 


Initial experiments were conducted using cow’s milk spiked with 
varying indoprofen levels. Many different parameters were evaluated, 
and the steps necessary to provide satisfactory drug recovery and suffi- 
cient sample cleanup were defined. The final cleanup procedure is out- 
lined in the Experimental section. The indoprofen retention volume was 
increased by changing the acetonitrile content of the eluent from 40% (for 
plasma samples) to 35’?h. This eluent modification separated the drug 
from some major interfering milk components. 


A final evaluation of the method was conducted by analyzing two or 
more milk samples spiked with 0,10,25,50,100, and 200 ng of druglml. 
Even with the eluent modification, a minor milk component was detected 
in the blank samples at the indoprofen retention volume. The level of this 
compound corresponded to 6.0 ng of indoprofenlrnl, and this value was 
subtracted from the indoprofen levels in the spiked samples prior to re- 
covery calculations. The average recovery for 15 spiked samples of cow’s 
milk was 103% with a standard deviation of 58.1. 


Prior to using the method to determine indoprofen levels in human 
milk, the sample preparation procedure was further evaluated using the 
baseline milk samples from the seven subjects (Table I, Part A). Duplicate 
samples from each subject were prepared, one of which was spiked with 
20,50, or 100 ng of indoprofen/ml. Two analytical runs were made on a 


number of these samples to ensure technique reproducibility. An inter- 
fering milk component was observed in three baseline milk samples 
(Subjects 2-4) at an elution position near indoprofen. For Subjects 2 and 
3, this component represented <lo ng of indoprofen/ml; however, for 
Subject 4, the peak was equivalent to 20 ng/ml and eluted 1 min before 
indoprofen. The interfering peak in Subjects 2 and 3 was subtracted from 
the drug level calculated in the corresponding spiked sample for recovery 
determination; Subject 4 was not included. 


The average recovery for these analyses was 100% with a standard 
deviation of f 6 .  Thus, the cleanup technique provided excellent drug 
recovery and was able to give relatively clean chromatograms for nano- 
gram determination. However, since some samples had interfering 
components, the method provided quantitative data on samples with 
drug levels greater than 25 ng/ml. Below that level, indoprofen levels were 
considered to be semiquantitative and were designated as trace (Tr) if 
a peak was calculated to be <10 ng/ml and as not detected (ND) if no peak 
was observed. Figure 1 presents representative chromatograms for two 
baseline milk samples. 


I A 


2 


I 


I I I I I I I I 
I f l j .  10 20 30 Inj. 10 20 30 


WNUTES 
Figure 2-HPLC determination of indoprofen in  milk. A. Patient 3; 
24-hr milk sample; peak 1 = indoprofen, 21 nglml; and peak 2 = internal 
standard, 206 ng. R. Patient 6; 24-hr milk sample; peak 1 = indoprofen, 
136 nglml; and peak 2 = internal standard, 41 I ng. Sample preparation 
and HPLC conditions are given in text. 
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The analytical procedure was employed for the determination of in- 
doprofen levels in human milk from seven subjects (Table 11). All samples 
were analyzed in duplicate, and each value is the average of these deter- 
minations. The relative standard deviation of pairs was 5.1%. Subjects 
1,3, and 4 had detectable levels of a component in the baseline samples, 
and these values were subtracted to obtain the corrected indoprofen 
levels. The impurity level was similar to that observed previously (-10 
ng/ml). This interfering compound was possibly present in all samples 
but was not completely removed in some during the sample preparation. 
Thirteen recovery samples were analyzed (Table I, Part B). The average 
recovery was 94% with a standard deviation of f8. Representative in- 
doprofen chromatograms in milk samples are presented in Fig. 2. For the 
20 spiked samples analyzed, the average recovery was 96%. 


Plasma samples were obtained a t  2.0 hr after administration for the 
single-dose subjects and a t  2.0,26, and 50 hr after the first dose for mul- 
tiple-dose subjects. Each plasma sample was analyzed in duplicate, and 
the averages are given in Tahle 11. The precision of the plasma determi- 
nations was excellent, with a relative standard deviation of pairs of 
5.1%. 


lndoprofen calibration standards were analyzed after every fourth 
sample to determine the relative weight response for drug level calcula- 
tions. New standards were prepared lor each subject. A comparison of 
the relative weight responses ohtained during milk sample analysis is 
given in Table 111. During the ]%day period, the day-to-day variation 
in standards was very small, with a relative standard deviation of 3.2% 


for the relative weight response. Thus, the analytical system had excellent 
stability and provided quantitative data for extended periods. 
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Abstract  o Callicarpone, a component 10 times as toxic to fish as ro- 
tenone, h a  been isolated from the leaves of Callicarpa candicans. It is 
reasonable to assume that callicarpone will act as an insecticidal agent 
as does rotenone. Therefore, the structure-activity relationship of cal- 
licarpone was examined by synthesizing a series of compounds having 
certain of its structural features. Those compounds were tested for in- 
secticidal and antimicrobial activities. A study of synthetic analogs elu- 
cidated the functional group chemistry of callicarpone so that a synthesis 
might be undertaken. Piperitone oxide showed -1/100th the activity of 
rotenone against Daphnia rnagna. l-(a-Hydroxyisopropyl)-3-oxocy- 
clohexene oxide showed activity against mycobacterium while 
2,3,4,6,7,8-hexahydronaphthalene-1,4-dione showed inhibitory activity 
against the mycobacterium and two yeasts. 


Keyphrases Callicarpone-analogs, structure-activity relationships, 
toxicity, antimicrobial activity 0 Insecticides-callicarpone, analogs, 
structure-activity relationships, toxicity, antimicrobial activity 
Structure-activity relationships-callicarpone analogs, antimicrobial 
activity 


The use of decoctions of various plants as fish poisons 
has been practiced for many centuries by native tribes in 
Africa, India, and South America. Usually, the poisonous 
plants were macerated with water, the decoction was 
poured into a selected body of water, and the fish that rose 
to the surface were collected. I t  was reasonable to assume 
that these poisonous plants should exhibit toxicity against 
organisms besides fish, and some of these plants have been 
found to contain useful insecticides. 


A component toxic to fish has been isolated from the 
leaves of Callicarpa candicans (1).  These leaves have long 
been used for stupefying fish by natives of Palau and the 
Philippine Islands. The active principle was named calli- 
carpone (I). Callicarpone exhibited 10 times stronger 


I I1 I11 


IV V 
toxicity against loach fish (Misgurnus anguillicaudatus) 
than did rotenone. The structure of callicarpone was de- 
duced from spectral and chemical evidence. 


Since callicarpone possesses stronger toxicity against 
fish than does rotenone, it is reasonable to assume that 
callicarpone also might act as an insecticidal agent. 
Therefore, a study of the structure-activity relationship 
of callicarpone was initiated by synthesizing a series of 
compounds having certain of its structural features and 
by testing these compounds for their toxicity to Daphnia 
rnagna (a fresh water crustacean) (2). To  determine if 
these functional groups might show a more general bio- 
logical activity, the agents also were tested for antimicro- 
bial activity. A study of synthetic analogs provided infor- 
mation about the functional group chemistry of callicar- 
pone so that a synthesis might be undertaken. 


Callicarpone possesses some unique structural and 
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Levodopa Determination 
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Abstract A reversed-phase high-performance liquid chromatographic 
procedure with UV detection at  280 nm is presented for levodopa de- 
termination in pharmaceutical preparations. The method is fast and 
specific for levodopa in the presence of its most likely impurities and 
degradation products. 


Keyphrases 0 Levodopa-analysis, high-performance liquid chroma- 
tography, commercial preparations, impurities, degradation products 


Antiparkinsonian agents-levodopa, high-performance liquid chro- 
matographic analysis, commercial preparations, impurities, degradation 
products High-performance liquid chromatography-analysis, levo- 
dopa, commercial preparations, impurities, degradation products 


Fluorometric (l), electrochemical (21, GLC (31, and 
high-performance liquid chromatographic (HPLC) (4,5) 
techniques have been presented for levodopa (I). Although 
some techniques are specific with respect to postulated 
impurities (3) or levodopa decomposition products formed 
in alkaline solution (5), a complete study of the specificity 
of a method with respect to a wide range of possible deg- 
radation products has not been reported. Such a specificity 
study for a proposed levodopa stability-indicating method 
should include the examination of dopamine (3-hydrox- 
ytyramine) (11) [decarboxylated levodopa (6)] and inter- 
mediates in the aminochrome formation reaction (7). The 
latter include the initial oxidation product levodopa-o- 
quinone (111) as well as the cyclization product dopa- 
chrome (IV) and the final internal oxidation-reduction 
products 5,6-dihydroxyindole-2-carboxylic acid (V) and 
5,6-di hydroxyindole (VI). 


An HPLC method was presented (8) for determining 
trace amino acid impurities in levodopa preparations. This 
report discusses extending this technique to include a 
stability-indicating assay specific for levodopa with respect 
to the postulated degradation products. 


H O ~ ~ C H , N H :  
HO HO Hq@cH2FHCmH I NHL I1 


NH2 O m C O O H  0 I 


111 k 
IV 


HO HoI&J HO Ho-CWH 


I I 
H 


v 


EXPERIMENTAL 


Apparatus-The liquid chromatographic apparatus described pre- 
viously (8) was used. A variable-wavelength absorbance detector' ad- 
justed to 485 nm was used for some studies in addition to the 280-nm UV 
detector used for the assay. Peak areas were determined with a com- 
puterized laboratory data acquisition system. The flow rate was 2.0 
ml/min. 


Reagents and Materials-The levodopa, 6-hydroxydopa, tyrosine, 
3-0-methyldopa (3-methoxytyrosine), 5-hydroxydopa, and 3 4 3 - h ~ -  
droxy-4-methoxypheny1)alanine described previously (8) were used. 
5,6-Dihydroxyindole and 5,6-dihydroxyindole-2-carboxylic acid were 
synthesized according to the procedure of Benigni and Minnis (9). 


Dopachrome was prepared by adding a few drops of a ferricyanide 
solution [13 g of potassium ferricyanide and 4.2 g of sodium bicarbonate 
diluted to 50 ml with water (lo)] to 10 ml of a 0.01 M phosphoric acid 
solution containing 2 mg/ml of levodopa, tyrosine, 3-O-methyldopa, and 
hypoxanthine. (The latter three compounds did not react with ferricy- 
anide but were added to demonstrate chromatographic specificity.) The 
resulting dark-red solution was injected directly. 


Levodopa-o-quinone was generated electrochemically (11, 12) with 
a specially designed precolumn tubular electrode cell (13). Hypoxanthine2 
and dopamine hydrochloride3 were obtained commercially. All other 
reagents and chemicals were ACS reagent grade or the equivalent. 


Mobile Phase-A 0.01 M NaHzP04 solution was adjusted to pH 3.5 
with phosphoric acid. This solution was filtered daily through a 0.5-gm 
membrane filter4 and degassed prior to use. 


Internal Standard Solution-About 150 mg of hypoxanthine was 
weighed into a 100-ml volumetric flask, dissolved on a steam bath with 
40 ml of 0.1 M phosphoric acid, and diluted to volume with water. 


Levodopa Standard Solution-About 50 mg of reference standard 
levodopa was accurately weighed into a 50-ml volumetric flask, dissolved 
with 5 ml of 0.1 M phosphoric acid, and diluted to volume with water. 
Exactly 10.0 ml of this solution was added to a 100-ml volumetric flask 
containing 20.0 ml of the internal standard solution, and the contents 
were diluted to volume with water. 


Sample Solution-Twenty levodopa capsules or tablets were ground 
and mixed well, and a quantity sufficient to yield 250 mg of levodopa was 
accurately weighed into a 250-ml volumetric flask. Fifty milliliters of 0.1 
M phosphoric acid was added, and the flask was shaken mechanically 
for 30 min. The contents were diluted to volume with water, and a portion 
of the solution was centrifuged. Exactly 10.0 ml of the centrifugate and 
20.0 ml of the internal standard solution were added to a 100-ml volu- 
metric flask, the contents of which were diluted to volume with water and 
further clarified by filtration through the 0.5-pm filter. 


Table I-Linearity 


Area Ratios Height Ratios 
t e v o -  Hypo- Levo- Hypo- 


Parameter dova xanthine dova xanthine 


Correlation coefficient 0.9999 0.9999 0.9995 0.9999 
Standard error of 0.004 0.004 0.02 0.007 


estimate (S,/%) 
Intercept", % 0.2 3.0 -0.5 3.8 
Variationb, % 0.6 0.3 2.0 0.4 


The (y intercept&) X 100, where 7 is the average y. (Srlzfi) X 100. 


1 Model 770, Schoeffel Instrument Corp., Westwood, N.J. 
2 Heterocyclic Chemical Corp., Harrisonville, Mo. 


4 Millipore. 
Aldrich Chemical Co., Milwaukee, Wis. 
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Figure 1-Chromatogram of leuodopa, hypoxanthine internal stan- 
dard, and possible interferences: ( a )  5-hydroxydopa, ( b )  6-hydroxydopa, 
( c )  leuodopa, ( d )  dopamine and tyrosine, ( e )  hypoxanthine, ( f )  3-0- 
methytdopa, ( g )  3- (3-hydroxy-l-methoxyphenyl)alanine, (h) 5,6- 
dihydroxyindole, and ( i )  5,6-dihydroxyindole-2-carboxylic acid. 


a 


I I I. 
0 6 10 


MINUTES 


Figure %--Chromato- 
gram of leuodopa ( a )  
and electrochemically 
generated leuodopa- 
o-quinone ( b ) .  Elec- 
trode generation po- 
tential was 0.8 versus 
Ag-AgC1 reference 
electrode. Flow rate was 
1.0 mllmin. 


d f 
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MINUTES 
Figure 3-Chromatogram of a solution Figure 4-Typical chro- 
in which leuodopa ( b )  was oxidized to matogram of levodopa ( a )  
dopachrome ( d )  with ferricyanide (a ) .  and hypoxanthine ( b )  ( I  pg 
Tyrosine (c), hypoxanthine ( e ) ,  and o f  leuodopa and 3 pg of hy-  
9-0-methyldopa ( f )  remained unoxi- "1 poxanthine were injected). 
dized. 


Synthetic samples were made by mixing known quantities of reference 
standard levodopa and excipients in the dry state and treating the mix- 
ture according to the procedure for the actual samples. 


Sample Analysis and Linearity-Ten microliters each of the stan- 
dard and sample solutions were injected. The amount of levodopa present 
in the sample, expressed as milligrams of levodopa per gram of sample 
weight, was calculated from: 


levodopa = B(R,/R,)(W,/W,) (Eq. 1) 
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Table 11-Assay of Levodopa in Actual Commercial Samples by 
HPLC, USP Spectrophotometric, and Amino Acid Analyzer 
(AAA) Techniaues 


Levodoua uer 
Dosage-Unit, Amount Founda 


Sample mg R HPLC * USPC AAAc 


100 14 100.4 (0.7) - 100.7 1 
2 100 5 105.9 (0.7) - 
3 100 5 104.4 (0.8) - - 


99.4 (0.8) 99.9 99.7 4 250 4 
5 250 5 99.3 (1.1) - 
6 500 4 91.3 (2.0) 91.6 92.3 


- 


- 


a Expressed as percent label for the ungrouped data (ranging from 50 to 150% 
Values in parentheses represent relative standard of the nominal sample size). 


deviations. Average of two or three assay values. 


where R,  and R, are the peak height or area ratios (levodopa to hypo- 
xanthine) of the sample and standard solution, respectively; W, is the 
weight of the levodopa standard in milligrams, and W, is the weight of 
the sample in grams. 


Linearity studies were performed by (a) varying the levodopa con- 
centration over 0.02-0.2 mg/ml and holding the internal standard con- 
centration constant, and (b) varying the internal standard concentration 
over 0.075-0.6 mg/ml and holding the levodopa concentration con- 
stant. 


RESULTS AND DISCUSSION 


The initial attempt was to combine the HPLC assay of levodopa im- 
purities described previously (8) with a stability-indicating levodopa 
assay. However, the pH 2.5 phosphate buffer eluent did not resolve the 
decarboxylated degradation product, dopamine, from levodopa, although 
the four other postulated degradation products were resolved from le- 
vodopa and the impurities (8). The pH had to be increased to 3.5 to 
achieve a separation. 


With the pH 3.5 phosphate buffer eluent, adequate resolution was 
obtained among levodopa, the hypoxanthine internal standard, and the 
impurities (8). (The pH 3.5 buffer could notbe used for the impurities 
assay because the resolution of 6-hydroxydopa and tyrosine from levo- 
dopa was not sufficient to determine these impurities accurately at  the 
0.1% level.) In addition, dopamine as well as 5,6-dihydroxyindole and 
5,6-dihydroxyindole-2-carboxylic acid, the final products in the levodopa 
aminochrome reaction (7), were all resolved. A chromatogram containing 
all of these postulated interferences is shown in Fig. 1. 


The initial oxidation product in the aminochrome reaction, levo- 
dopa-o-quinone, eluted immediately following the levodopa peak and 
did not interfere (Fig. 2). Dopachrome eluted just before the hypoxan- 
thine internal standard peak and did not interfere (Fig. 3). [The dopa- 
chrome peak in Fig. 3 also was observed when the absorbance detector 
was set at 485 nm, a characteristic absorption maximum for amino- 
chromes (7).] 


Linearity data of levodopa and hypoxanthine, obtained by plotting 
peak area or peak height ratios uersus weight ratios, are presented in 
Table I. Linearity was observed over the ranges studied 0.2-2.0 pg for 
levodopa and O.EX.0 pg for the hypoxanthine internal standard. A typical 
chromatogram is shown in Fig. 4. 


Fifteen synthetic samples prepared with levodopa weights ranging from 
50 to 150% of theory (100% representing 100 mg of levodopa/dosage unit 
or 515 mg/g) yielded an average recovery and relative standard deviation 


of 99.0 f 0.9% for the ungrouped data. A linear regression analysis of 
milligrams of levodopa found uersus milligrams added yielded a straight 
line with a slope of 0.98 f 0.02 and an intercept of 0.5 f 1.4 (appended 
values are 99% confidence limits), indicating a slope and intercept not 
significantly different from 1 and 0, respectively, and no bias in the 
method. 


The results of an analysis of actual commercial samples obtained from 
four different manufacturers are presented in Table 11. Some of the 
HPLC assays were checked with the USP UV spectrophotometric tech- 
nique (14) and with an amino acid analyzer technique utilizing an ion- 
exchange column and a pH 4.05 citrate buffer eluent*. Excellent agree- 
ment was found among the techniques. Furthermore, a six-point standard 
addition of a portion of Sample 1 using the HPLC technique yielded an 
assay value of 100.8% of label, in excellent agreement with the sample 
assay. [Sample 3 contained 10 mg of carbidopa/dosage unit as an active 
ingredient, which eluted between the hypoxanthine and 3-0-methyldopa 
peaks (Fig. 1) and did not interfere.] 


In summary, an HPLC stability-indicating assay was developed that 
is specific for levodopa in pharmaceutical preparations with respect to 
a t  least five postulated degradation products and five impurities. The 
method is fast, allowing injections every 5 min and the assay of -25 
samples/8-hr day. The stability-indicating assay may be applied in 
conjunction with the impurities assay (8) merely by adjusting the eluent 
pH from 2.5 to 3.5. 
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Abstract 0 At high arachidonic acid concentrations (164 p M )  and 
without exogenous cofactors, ram seminal vesicle microsomes produced 
prostaglandin E2 and two less polar products, identified as prwtaglandin 
Dz and 15-ketoprostaglandin E2. The ratio of the biosynthetic products 
formed depended on the exogenous cofactor and on the arachidonic acid 
concentration. At high arachidonic acid concentrations (>150 p M ) ,  
tryptophan, phenol, and glutathione stimulated prostaglandin EZ for- 
mation, but each affected the formation of the other prostaglandins 
differently. Ascorbic acid markedly stimulated hydroxy fatty acid for- 
mation. GLC-mass spectral analysis of the hydroxy fatty acid fraction 
indicated the presence of ll-hydroxy-5,8,12,14-eicosatetraenoic acid, 
15-hydroxy-5,8,11,13-eicosatetraenoic acid, and 12-hydroxy-5,8,10- 
heptadecatrienoic acid. At low arachidonic acid concentrations (30 p M ) ,  
glutathione still stimulated prostaglandin Ez biosynthesis, but the other 
cofactors stimulated 6-ketoprostaglandin F1, and hydroxy fatty acid 
formation. 


Keyphrases Prostaglandin D2-biosynthesis, ram seminal vesicle 
microsomes, dependence on arachidonic acid, cofactors 15-Ke- 
toprostaglandin E2-biosynthesis, ram seminal vesicles, dependence on 
arachidonic acid, cofactors Seminal vesicles-microsomes, prosta- 
glandin synthesis, arachidonic acid metabolism 0 Microsomes-seminal 
vesicles, prostaglandin synthesis, arachidonic acid metabolism 


Ram seminal vesicle microsomes convert arachidonic 
and eicosatrienoic acids into prostaglandins of the D, E, 
and F series (1-5). Recently, it was reported (6) that, at low 
substrate to enzyme ratios and in the absence of reduced 
glutathione, the major prostaglandin synthesized by the 
ram seminal vesicle cyclo-oxygenase from arachidonic acid 
was 6-ketoprostaglandin F1,. When the substrate con- 
centration was increased to 50 pM, only traces of 6-ke- 
toprostaglandin F1, were formed, the major products being 
prostaglandin Ez, prostaglandin Fzn, and two unidentified 
less polar products. 


This paper reports experimental data that characterize 
these unknowns as prostaglandin D 2  and 15-ketoprosta- 
glandin EP. The effect of exogenous cofactors on the ratio 
of biosynthetic products was also examined. 


EXPERIMENTAL 


Materials-Radioactive l-14C-arachidonic acid' (60 mCi/mmole), 
unlabeled arachidonic acid' (Grade l ) ,  reduced glutathione2, L-epi- 
nephrine2, serotonin2, methemoglobin*, prostaglandin E23, prostaglandin 
DZ4, 15-ketoprostaglandin E24, and frozen ram seminal vesicles5 were 
used. All solvents were reagent grade and were redistilled. 


Silicic acid6 was used for column chromatography. Precoated analytical 
silica gel plates7 were used for TLC separation. Radioactivity was assayed 
in a scintillation spectrometer8 after the addition of 10 ml of Bray's so- 
lution. The radiochromatogram was assayed on an autoscanner9. 


Amersham/Searle Co., Arlington Heights, Ill. 
2 Sigma Chemical Co., St. Louis, Mo. 
,3 C. D. Searle Co., Chicago, Ill. 


Miles Laboratories. Madison, Wis. 
Roth Products, Gwynedd, Pa. 
Mallinckrodt 2847,100 mesh. 
Brinkmann 0.25 F0254 (EM). 
Packard model 2002. 
Vangard model 930. 


Mass spectra were recorded on a mass spectrometer'O with an ion 
source temperature of 220" and an electron potential of 70 ev. GLC-mass 
spectral analyses were carried out in a gas chromatograph-mass spec- 
trometer" equipped with a data system12. The column, 1.83 m, was 3% 
SE-30 with temperature programming from 200 to 250' at 6O/rnin; the 
electronic energy was kept a t  70 ev. UV spectra were recorded on a re- 
cording spectr~photometer~~. 


PMR spectra (6 value) were recorded on a spectrometer'4 in deutero- 
chloroform. All chemical shifts were recorded relative to internal tetra- 
methylsilane. 15-Hydroperoxyarachidonic acid was prepared according 
to the method of Hamberg and Samuelsson (7) and purified by column 
chromatography, using hexane-ether as the solvent. 


Enzymatic Transformation of l-"C-Arachidonic Acid-Ram 
seminal vesicle microsomes were prepared as described elsewhere (8) and 
were freeze dried and stored at -78' until used. Enzymatic incubations 


A h 


B n 
n d \  


C n 


DISTANCE FROM ORIGIN, cm 
Figure 1-Radiochromatographic profiles of 0.2 pCi of 1-I4C-arachi- 
donic acid (164 pM) metabolism by ram seminal vesicle microsomes. 
Key: A,  ethyl acetate extract; B, ethyl acetate extract plus sodium 
borohydride; and C ,  incubation mixture consisting of 15-hydroperox- 
yricosa-5,8,11,13-tetraenoic acid (200 pM) and 0.2 pCi of 1-I4C-ara- 
chidonic acid (164 pM). 


lo AEI MS-9. 


12 ss IOOC. 
Varian MAT 112. 


l 3  Cary model 14. 
l4 Varian EM 390. 
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Table I-Effect of Cofactors on Product Distribution at High Arachidonic Acid ConcentrationP (164 p M )  


Cofactor Concentration 


None 
Glutathione 
Ascorbic acid 
Phenol 
L-Tryptophan 
L-Epinephrine 
Serotonin 
Methemoglobin 


- 
20 pM 
I d  
1 mM 
I d  
I d  
1 mM 
8 rcM 


Percent of Products Formed 
Prostaglandin 


Hydroxy- 15-Keto- 6-Keto- 
Fatty Acids E2 Dz Ez FZa Fie 


10.0 21.4 13.9 26.5 10.2 10.6 
0 22.1 0 48.1 0 0 


35.1 0 8.4 16.8 21.0 18.5 
13.7 0 15.0 42.7 3.6 22.2 
14.4 0 13.4 38.3 7.1 23.4 
19.6 4.1 9.4 23.8 17.2 22.6 
19.7 0 17.1 31.8 5.2 2.6 
8.8 19.8 13.9 30.3 7.2 20.0 


Radio- 
activity 


in 
Products, % 


93 
70 
99.8 
91 
96.6 
96.7 
82.4 
99 


~ ~~ ~ 


4 The reaction mixture contained ram seminal vesicle microaomes (10 mg) dissolved in 1.0 ml of 0.1 M tromethamine buffer. The cofactors were added at the concentratiom 
indicated, and the reaction was initiated by the addition of 0.2 pCi of l-14C-arachidonic acid containing 50 pg of unlabeled arachidonic acid. Products were extracted 
and analyzed as described. 


were carried out at 25' in 1.0 ml of pH 7.5 tromethamine buffer containing 
10 mg of lyophilized enzyme powder (3.85 mg of protein by biuret), 50 
pg of arachidonic acid, 0.2 pCi of l-14C-arachidonic acid, and cofactors 
when necessary. The reaction was initiated by the addition of arachidonic 
acid and was terminated after 20 min by the addition of 25 pl of 1.0 N HC1 
(final pH 3.0). 


The reaction mixture was extracted with 2.0 ml of ethyl acetate; the 
organic layer was dried over sodium sulfate and evaporated with a ni- 
trogen stream. The total recovery of radioactivity was generally 60%. The 
residue was redissolved in ethyl acetate, and a portion of this solution 
was spotted on TLC plates. They were developed twice in the organic 
phase of ethyl acetate-isooctane-acetic acid-water (11:52:10) and 
scanned for radioactivity. 


The percent incorporation of radioactivity into each product was de- 
termined by the cut and weigh method. Radioactive peaks on the chro- 
matogram corresponding to the products were traced with tracing paper, 
cut out, and weighed. The total weight of all peaks represented 100% of 
the sample. The weight of each peak was divided by the total weight and 
multiplied by 100 to obtain the percentage of that product present. 


Isolation of Compounds I and 11-Ram seminal vesicle microsomes 
(11-3.94 g of protein) were suspended in 1.1 liters of 0.1 M, pH 7.5 tro- 
methamine buffer. The enzymatic reaction was initiated by the addition 
of 55 mg of arachidonic acid containing 47 pCi of 1-W-arachidonic acid. 
After 20 min at 25O, the incubation mixture was acidified with hydro- 
chloric acid to pH 3.0 and extracted with ethyl acetate (4 X 250 ml). The 
combined ethyl acetate extracts were washed with water (3 X 250 ml) and 
dried over sodium sulfate. Approximately 44% of the radioactivity was 
recovered. 


The residue was chromatographed over 10 g of silicic acid-diatoma- 
ceous earth (8515); the column (1 X 23 cm) was eluted with benzene- 
ethyl acetate (82), with gradually increasing ethyl acetate concentrations. 
Fractions (8 ml) were collected. Fractions 2-14 contained arachidonic 
acid and hydroxy fatty acids (20.7% of radioactivity), fractions 15-22 
consisted of I (14.7%), fractions 56-60 consisted of I1 (5.5%), fractions 
64-74 afforded prostaglandin E2 (24.8%), fractions 74-82 gave prosta- 
glandin FZa (7.56%), and fractions 104-107 yielded 6-kehprostaglandin 


Fractions 15-22 were combined and further purified by chromatog- 
raphy over an LH-20 column (1 X 36 cm). The column was eluted with 


F1, (4.4%). 


8 6 4 2 0 
PARTS PER MILLION 


Figure %--'H-NMR spectrum of I methyl ester. 


methylene chloride-benzene-methanol (lOlOl), and 6-ml fractions were 
collected. Fractions 3 1 3  (82% radioactivity) were pooled and evaporated 
to dryness. The residue was methylated with diazomethane and fpther  
purified over a silica gel (10 g) column (1 X 23.5 cm). The column was 
eluted successively with benzene-ethyl acetate (100 ml of 955,200 ml 
of 7:3, and 200 ml of l:l), and 6-ml fractions were collected. Fraction 28, 
consisting of the pure methyl ester of I (23% of the added radioactivity), 
was used for NMR and mass spectrometric analyses. 


Fractions 56-60, consisting of 11, were similarly purified. 
Hydroxy Fatty Acid Isolation-Ram seminal vesicle microsomes 


(24 g) were suspended in 2.4 liters of 0.1 M, pH 7.5 tromethamine buffer. 
Ascorbic acid (1 mM) was added. The enzyme reaction was initiated by 
the addition of 120 mg of arachidonic acid containing 32 pCi of l-14C- 
arachidonic acid. After incubation a t  25' for 20 min with gentle shaking 
on a Dubnoff shaker, the reaction mixture was extracted in the same 
manner as that for 15-ketoprostaglandin Ez and prostaglandin Dz. The 
total recovery of radioactivity was 47.3%. 


This material was chromatographed over 30 g of silicic acid-dia- 
tomaceous earth (85:15), and the column was eluted with the following 
solvent systems: 50 ml of benzene-ethyl acetate (821, 250 ml of ben- 
zene-ethyl acetate (7:3), and a gradient system consisting of 300 ml of 
benzene-ethyl acetate (23) in the mixing chamber and 300 ml of ethyl 
acetate in the reservoir chamber. Fractions (6.5 ml) were collected. 


Lu L loo] 


20 
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Figure 3-Mass spectrum of I methyl ester. 
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Table 11-Effect of Cofactors on Product Distribution a t  Low Arachidonic Acid Concentration a (30 plM) 


Percent of Products Formed 
Radio- 
activity Prostaglandin 


Hydroxy 15-Keto- 6-Keto- in 
Cofactor Concentration Fatty Acids Ez Dz E2 F2, F1cz Products, % 


- 17.7 14.9 19.9 28.1 8.9 7.8 97.3 None 


Phenol 1 mM 18.5 0 24.3 31.7 7.7 7.1 89.3 
L-Tryptophan 1 mM 17.6 6.5 14.2 19.0 10.3 30.8 98.4 


Methemoglobin 8 PM 15.7 13.6 21.9 32.2 7.2 6.0 96.7 


Glutathione 20 pM 4.8 0 3.4 91.8 0 0 100 
Ascorbic acid 1 mM 34.2 4.7 6.4 8.7 19.8 26.2 100 


L-Epinephrine 1 mM 23.4 0 20.5 25.0 20.3 10.8 100 
Serotonin 1 mM 21.6 0 24.4 30.4 11.5 7.8 95.7 


The reaction mixture was the same as that described in Table I except that 10 gg of unlabeled arachidonic acid was used. 


Fractions 6-20, containing 25.75% of radioactivity, were pooled and re- 
chromatographed over an LH-20 column (1.8 X 24.5 cm). The column 
was eluted with benzene-methylene chloride (64), and 4-ml fractions 
were collected. Fractions 45-95 (28% of radioactivity), containing 11- 
hydroxy- and 15-hydroxyeicosatetraenoic acids and 12-hydroxy- 
5,8,10-heptadecatrienoic acid, were methylated with diazomethane and 
used for GLC-mass spectral analysis. 


RESULTS 


When 1-1%-arachidonic acid at a concentration greater than 150 pM 
was exposed to ram seminal vesicle microsomes, several radioactive 
products were formed (Fig. IA). Besides those products corresponding 
in mobilities to prostaglandin Ez, prostaglandin Fz,, and 6-ketoprosta- 
glandin F1,, two compounds (I and 11) less polar than prostaglandin Ez 
were produced. When a portion of the organic extract of this reaction 
mixture was treated with sodium borohydride, the radioactive chroma- 
tographic profile of the products was markedly changed (Fig. 1B). The 
radioactive peaks corresponding to I and I1 disappeared, the prosta- 
glandin E2 peak was considerably reduced, and there was a radioactivity 
increase in the prostaglandin Fzn region. These observations suggested 
that both I and I1 possessed ketonic functions, which, upon reduction with 
sodium borohydride, afforded compounds similar in polarity to prosta- 
glandin Fzm. 


It was previously reported (6) that addition of 15-hydroperoxyara- 
chidonic acid (100 pM) to the incubation medium inhibited the formation 
of 6-ketoprostaglandin F1, but did not affect the formation of prosta- 
glandin Ez, I, and 11. This observation suggests that I and I1 were not 
derived from the prostacyclin pathway. This observation was confirmed 


1 .o 
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Figure &-Alkali effect of I absorption properties. Key: -, 0.01 mg of 
Ilml of methanol; and - --, after 5 min in 0.1 N NaOH. 


by evidence that 15-hydroperoxyarachidonic acid did not significantly 
inhibit the formation of I and I1 (Fig. 1C). 


To establish conclusively the chemical structures of I and 11, the ara- 
chidonic acid-derived products were resolved by silicic acid column 
chromatography. The PMR spectrum of the I methyl ester (Fig. 2) 
showed characteristic prostaglandin signals: a pair of doublets centered 
at  6 6.76 (lH, 512.13 = 7.8 Hz, C-l3H), a doublet a t  6 6.3 (lH, 5 1 3 ~ 4  = 16 
Hz, C-14H), a multiplet a t  6 5.39 (2H, vinylic protons at  C-5 and C-61, 
and a multiplet a t  6 4.25 (1H. C-11H). The mass spectrum of the I methyl 
ester (Fig. 3) gave promineat ionsat mle 364 (M+), 346 (M - 181,333 (M 


+ H)], 224 [M - (141 - HI], and 206 (224 - 18). The UV spectrum of the 
I methyl ester (Fig. 4) exhibited a maximum a t  228 nm (e 11,OOO) char- 
acteristic of an a,B-unsaturated ketone. 


These spectral data are consistent with the supposition that the 
chemical structure of I is either 15-ketoprostaglandin E2 or its regioiso- 
mer, 15-ketoprostaglandin D2. However, when the I methyl ester was 
treated with 0.1 N NaOH, a compound with a chromophore at 500 nm 
(c 22,400) was formed. This experiment clearly established that I is 15- 
ketoprostaglandin Ez (9), because the presence of 15-ketoprostaglandin 
DZ would have resulted in the formation of a stable chromophore at 415 
nm (10). 


In a similar fashion, I1 was identified as prostaglandin D2 (11,12). The 
NMR (Fig. 5) and mass (Fig. 6) spectra as well as the chromatographic 
behavior of the I1 methyl ester were identical to those of the authentic 
sample of prostaglandin Dz methyl ester. 


The ratio of the products formed by ram seminal vesicle microsomes 
had been shown to be dependent on the arachidonic acid concentration 
(6). Thus, it appeared of interest to examine the effect of cofactors on 
biosynthesis at high (Table I) and low (Table 11) substrate concentrations. 
A t  high arachidonic acid concentrations (164 pM), the addition of tryp- 
tophan and phenol reduced the formation of 15-ketoprostaglandin Ez 
and prostaglandin Fz, whereas synthesis of prostaglandin EZ and 6- 
ketoprostaglandin F1, was enhanced. On the other hand, reduced glu- 
tathione favored the biosynthesis of prostaglandin Ez and 15-ketopros- 
taglandin E2, but the overall conversion of arachidonic acid to these 
products was reduced (70%) compared to control (93%). 


- 3ij,315 (346 - 311,293 (M - 711,275 (346 - 711,261 [346 - (71 + 31 
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Figure 5-IH-NMR spectrum of I 1  methyl ester. 
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Figure 6-Mass spectrum of I1 methyl ester. 
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Figure 'I-Mass spectrum of 12-hydroxy-5,8,10-heptadecatrienoic acid 
methyl ester. 
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Figure 8-Mass spectrum of I 1  -hydroxy-5,8,12,14-eicosatetraenoic acid 
methyl ester. 


Ascorbic acid markedly stimulated the formation of hydroxy fatty 
acids. GLC-mass spectrometric analysis of the methyl esters of this 
mixture revealed two major and one minor hydroxy fatty acids. They were 
characterized on the basis of the mass spectral data as 12-hydroxy- 
5,8,10-heptadecatrienoic acid methyl ester, which showed a molecular 
ion at  m/e 294 (M+) with principal fragments a t  276 (M - 181,263 (M - 31), 245 (M - 31 - 18), 223 (M - CsHIl), and 207 (M - 87) (Fig. 7); 
11-hydroxy-5,8,12,14-eicosatetraenoic acid methyl ester, showing 
prominent ions at  m/e 334 (M+), 316 (M - 18), 303 (M - 31), 285 


CH(CH&C02CHa], and 135 (153 - 18) (Fig. 8); and 15-hydroxy- 
5,8,11,13-eicogatetraenoic acid methyl ester as the minor component, 
showing a molecular ion at  m/e 334 (M+) with fragments appearing at 
316 (M - 18), 303 (M - 31), 285 (303 - 181,263 (M - 711, and 245 (263 
- 18). 


At  a low arachidonic concentration (30 pM), reduced glutathione 
greatly favored prostaglandin Ez biosynthesis, but no 15-ketoprosta- 
glandin E2 was detectable. Ascorbic acid again dramatically enhanced 
hydroxy fatty acid synthesis but also stimulated the formation of 6- 
ketoprostaglandin F1,. L-Tryptophan again caused a significant increase 
in 6-ketoprostaglandin Flm (Table 11). 


(M - 31 - 18), 275 (M - 59), 153 (M - 181) [CH&H=CHCHzCH= 


DISCUSSION 


By comparing the spectral data to those of authentic samples, the two 
known produds formed after exposure of relatively high arachidonic acid 
concentrations (164 pM) to ram seminal vesicle microsomes were iden- 
tified as 15-ketoprostaglandin Ez and prostaglandin Dz. The formation 
of these two products was not inhibited significantly by the exogenous 
addition of 15-hydroperoxyeicosa-5,8,11,13-tetraenoic acid to the incu- 
bation mixture, confirming the report of Cottee et al. (6). However, the 
compound originally designated by them in their thin-layer chromato- 
grams as prostaglandin Dz was probably 8-isoprostaglandin Ez. 


Although a small quantity of 15-ketoprostaglandin El had been de- 
tected in previous ram seminal vesicle microsomal incubations with 
eicosatrienoic acid (13), the formation of a substantial quantity of 15- 
ketoprostaglandin EZ in these incubations deserves comment. Perhaps 
15-ketoprostaglandin Ez may be derived from the oxidation of the 
15(S)-hydroxyl group in prostaglandin Ez or prostaglandin Hz by a hy- 
droxyprostaglandin dehydrogenase. However, exposure of 1-l4C-pros- 
taglandin Ez to ram seminal vesicle microsomes under these conditions 
did not produce detectable 15-ketoprostaglandin Ez. Thus, the 15-keto 
functionality probably originated from the nonenzymatic decomposition 
o f  the 15-hydroperoxy group either at the prostaglandin Gz or at the 
15-hydroperoxyprostaglandin E2 stage. The corresponding regioisomer, 
15-ketoprostaglandin D2, was not formed in any detectable quantities. 
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Abstract 0 The spectrophotometric and fluorometric properties of the 
aminophenols and of several-compounds related to p-aminophenol were 
examined. A direct spectrofluorometric method for p-aminophenol de- 
termination at  trace levels in methanol was developed and evaluated for 
the effect of inner filtering by acetaminophen. The method was applied 
to the determination of p-aminophenol as an impurity in acetaminophen 
and acetaminophen-containing tablets. 


Keyphrases 0 p-Aminophenol-analysis, spectrofluorometry, as im- 
purity in acetaminophen tablets 0 Acetaminophen-tablets, spectro- 
fluorometric analysis of p-aminophenol as impurity 0 Spectrofluo- 
rometry-analysis, p-aminophenol as impurity in acetaminophen tab- 
lets 


Most methods for determining p-aminophenol (I) as an 
impurity in acetaminophen (11) involve spectrophoto- 
metric measurement of a chromophore developed via re- 
action with an appropriate reagent, either before or after 
chromatographic separation from I1 (1-10). In many of 
these methods, the chromophore has not been identified 
(4-10). Other methods involve nonaqueous titrations with 
perchloric acid (11) or polarographic analysis (12,13). 


To date, only an indirect fluorometric procedure for the 
determination of I in the presence of I1 has been reported 
(14). The fluorometric method involves a lengthy prior 
derivatization with benzylamine in alkaline solution. The 
fluorophore has not been identified. 


This paper introduces a direct spectrofluorometric 
method for the determination of I either alone or as an 
impurity in I1 or tablets containing 11. Due to overlapping 
UV absorption bands of these compounds, a critical eval- 
uation of the inner filter effect was necessary. The effect 
of other aminophenols on the determination of I is less 
critical, but the possibility of positive interference in 
mixtures exists. 


EXPERIMENTAL‘ 


Solvents-Since most “spectro” quality solvents are not of suitable 


Absorption spectra were taken on a Beckman DK-2A 8 ectrophotometer. All 
I‘luorescence spectra were taken on a Perkin-Elmer MPP”-PA spectrofluorom- 
eter. 


purity, all fluorescence work was done with purified alcohols, except 
where indicated. Purified alcohols were easily prepared from analytical 
reagent grade anhydrous alcohols by percolating each through a column 
packed with 30-40 cm of 40-80-mesh activated coconut charcoalz. The 
first portion (-50 ml) of the eluate from each column was highly con- 
taminated with fluorescent impurities and was discarded. After the initial 
50 ml, each column produced 5-10 liters of purified solvent before the 
packing was replaced. 


n-Propanol did not purify as well as ethanol or methanol. Spectro- 
quality chloroform always was used except where the chloroform fluo- 
rescence blank exceeded 3 in 100 units of full scale. To prepare fluorescent 
grade solvent from spectro or analytical reagent grade reagent, the 
chloroform was first vigorously extracted with a small volume (-101 v/v) 
of 0.45 M NaOH. The chloroform was recovered, washed twice with small 
volumes (-101 v/v) of water, and filtered through chloroform-wet filter 
paper. The resulting chloroform was suitable for spectrophotometry or 
spectrofluorometry. 


Solutions of I-Crystals of I3 decompose on standing and were 
available as black granules. Compound I was easily sublimed to  gray 
crystals under -4 torr at MOO; a second sublimation under similar con- 
ditions yielded white crystals with a 186-188’ melting-point range (15). 
Alcohol or chloroform solutions, 0.01-0.001 M, were prepared fresh daily 
prior to use. 


o-Aminophenol-The o -aminopheno13 deteriorated to black granules. 
on standing. It was easily sublimed to pale-red crystals under -4 torr a t  
-150’; a second sublimation under similar conditions yielded pale-yellow 
needles with a 170-174’ melting-point range (16). Standard solutions 
were prepared fresh daily prior to use. 


m-Aminophenol-The m-aminopheno14 was used without further 
purification. Although the m-aminophenol is somewhat more stable in 
alcoholic solution than the other aminophenols, standard solutions had 
to be prepared fresh daily. 


Acetaminophen6, Phenacetid, Aniline’, Acetanilid”, and Phe- 
nolB-These chemicals were used to prepare solutions without further 
purification. 


Working Standards for Solvent Studies-All standard solutions 
of drugs (and related compounds) were prepared by dissolving an ap- 
propriate amount of the drug in the desired solvent and volumetrically 
diluting to the correct molarity. Compound I was sparingly soluble in 
chloroform. Standards of I in chloroform were prepared by volumetric 
dilutions of a concentrated methanolic I standard to the correct molarity 


2 Fisher 50-200 mesh. 


4 NF sample courtesy of Parke, Davis. 
5 NF sample courtesy of Wyeth Laboratories. 
6 American Pharmaceutical Co. USP grade. 
7 Mallinckrodt ractical grade. 
8 Matheson, Coyeman and Bell practical grade. 
9 Baker Chemical Co. practical grade. 


Eastman practical grade. 
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REVIEWS 


Instrumental  Applications in Forensic Drug  Chemistry: Proceed- 
ings of t he  International Symposium, May 1930.1978. Edited by 
MICHAEL KLEIN, ALICE V. KRUEGEL, and STANLEY P. 
SOBOL. U S .  Government Printing Office (stock number 027-000- 
00770-8). Washington, D.C. Soft cover, 20 X 26 cm. 
This volume records the papers presented a t  an international sym- 


posium hosted by the Drug Enforcement Administration in Arlington, 
Va. on May 29 and 30,1978. This symposium brought together interna- 
t ional forensic scientists to highlight recent advances in instrumentation 
and methodology that have been applied to forensic drug analysis. The 
volume contains topics of interest to forensic scientists and clinical an- 
alysts. Twenty-three papers are included in four areas: spectroscopy, 
computer applications, chromatographic advances, and special topics. 
Contributors include recognized experts in their respective fields. 


In the spectroscopy section, a review (72 references) of mass spec- 
trometry is presented, and specific papers address the use of stable iso- 
topes for quantitation and the development of negative-ion mass spec- 
t rometry for forensic applications. Papers on Fourier transform IR and 
NMR applications complete this section. The computer applications 
section includes several papers on drug identification which emphasize 
spectra retrieval systems. Numerous general laboratory information 
systems used by various national and state government agencies also are 
described. 


Chromatographic instrumentation, methodology, and specific drug 
analyses are discussed. One paper describes a direct liquid inlet interface 
for coupling a high-performance liquid chromatograph with a quadrapole 
mass spectrometer. An extensive review (73 references) is given on the 
application of derivatization techniques in forensic drug analysis. In 
addition, GLC profiling of drug seizures using selective detectors is de- 
scribed. Chromatographic techniques used by the forensic toxicologist 
also are discussed. The final section of the volume includes papers on drug 
reference standards, a review of immunoassay with a detailed bibliog- 
raphy (445 references), and papers on light microscopy and the scanning 
electron microscope. 


This volume assimilates much useful information pertaining to drug 
analysis and captures the forensic perspective. An additional benefit is 
the list of symposium attendees, which provides many contacts for people 
working in this discipline. 


Reviewed by Lyal Hood 
U.S Customs Service 
Department of the Treasury 
Washington, DC 20229 


Body Temperature: Regulation, Drug  Effects, and Therapeutic 
Implications (Modern Pharmacology-Toxicology Series, Vol. 16). 
Edited by PETER LOMAX and EDWARD SCHONBAUM. Dekker, 
270 Madison Ave., New York, NY 10016.1979.680 pp. 16 X 24.5 cm. 
Price $59.75. 
This reference is the outcome of an awareness that the time was right 


for thorough consideration of the current understanding of the physio- 
logical mechanisms that affect body temperature and their modification 
by certain neuroregulators and several specific drug classes. I t  is the 
collective work of 40 contributors and contains 25 chapters with an added 
section on recent developments. 


The introductory chapters lead the reader through an extensive his- 
torical development of thermoregulation from the first article published 
in 1797 up to 1940 when the hypothalamus was generally acknowledged 
as the center for thermoregulation in mammals including humans. This 
introduction is followed by six chapters concerning postulated neural 
models for neuroregulation, hypothalamic and extrathalamic thermo- 
regulatory centers, heat production, heat transfer and loss, the effect of 
ions on body temperature, and the effect of drugs on thermoregulatory 
behavior. These chapters are followed by 12 chapters on specific body 
chemicals and drug classes and one chapter each on pyrexia, thermo- 
regulation in the newborn, malignant hyperthermia, accidental hypo- 


thermia, body temperature during general anesthesia, and clinical hy- 
pothermia. 


Convincing evidence published during the last 20 years is cited for the 
existence of extrahypothalamic thermosensitive neurons throughout the 
central nervous system. In addition, the data presented show clearly that 
there is an interaction of certain nodal points in the spinal cord, medulla 
oblongata, midbrain-pons, and the hypothalamus in the very complex 
physiological maintenance of thermoregulation. 


The material concerning the neurotransmitters serotonin, dopamine, 
norepinephrine, histamine, and acetylcholine is exhaustive and points 
out the varied hypothermic and hyperthermic responses observed among 
different species as well as in the same species and the variations observed 
when these agents are used uia different administration routes and a t  
different ambient temperatures. Specific sites and/or cells that  appear 
to respond to these"chemica1s are well documented. The reader should 
he aware that the reference material is filled with not only the most recent 
research articles but also contains enough of the past literature to use as 
a guide for future research. 


This book should be of value to anyone involved in thermoregulation, 
including clinicians and researchers in the pathophysiology or pharma- 
cotherapeutics of fever. 


Reviewed by Ronald F. Gautieri 
Department of Pharmacology 
School o f  Pharmacy 
Temple University 
Philadelphia, PA 19140 


T h e  Alkaloids. Chemistry and  Physiology. Vol. XVII. Edited by R. 
H. F. MANSKE and R. G. A. RODRIGO. Academic, 111 Fifth Ave., 
New York, NY 10003.1979. xx + 611 pp. 14 X 23 cm. Price $55.00. 
R. G. A. Rodrigo became coeditor of this classic series on alkaloids upon 


the death of the series' founder, Dr. R. M. F. Manske, who commissioned 
the reviews found in this volume. The high standards required by Dr. 
Manske are maintained in this excellent book. 
S. W. Pelletier and N. V. Mody wrote the first chapter which covers 


work published since July 1968 dealing with the structure and synthesis 
of' Clg-diterpenoid alkaloids. One section gives references to the 13CMR 
spectra of these alkaloids, and another section discusses some mass 
spectral fragmentation schemes since these two methods are invaluable 
in structural elucidation. Of particular interest is a catalog of 73 known 
Clg-diterpenoid alkaloids with their correct structures, physical prop- 
erties, plant sources, and key references. 


Chapter 2, by M. F. Grundon, deals with quinoline alkaloids related 
to anthranilic acid (0-aminobenzoic acid) which were reviewed in Vol. 
IX. Since then, more than 70 new quinoline alkaloids have been isolated, 
and this review brings the alkaloid chemist up to date on their Occurrence 
and structural determination. Syntheses for new quinolines and im- 
provements in existing syntheses are presented. The quinolines covered 
include 4~methoxy-2-quinolones, :%-prenyl-2-quinolones and related 
tricyclics, furoquinolines, 1,l- and 1,2-dimethylallyl alkaloids, and 2- 
a1 kyl- and 2-aryl-4-quinolones. 


In Chapter 3, G. A. Cordell reviews the monomeric Aspidosperma al- 
kaloids. This chapter is organized especially well considering the vast 
quantity of material generated since Vol. IX. The isolation and structural 
elucidation of new alkaloids are presented in detail. Particularly helpful 
;ire two tables that summarize the isolation of new and previously known 
Aspidosperma alkaloids, giving their plant sources, physical data, and 
references. Cordell devotes a section to the chemistry of' these alkaloids 
and then discusses the syntheses developed by various authors. The use 
of' '"CMR and X-ray crystallography for structural determination is 
covered, including a table of I3CMR chemical shifts for selected Aspi- 
dosperma alkaloids. The chapter format facilitates access to selected 
information, which should make this review a favorite for those interested 
in Aspidosperma alkaloids. 


The Papaveraceae alkaloids are reviewed in Chapter 4 by F. Santavy, 
who reviewed this group in Vol. XII. Alkaloids in this family are grouped 
by structure for the discussion of their structures, syntheses, biosyntheses, 
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ratio of the corresponding b values. These ratios are 7.7 and 
4.4 for the cascade barrier bed and USP methods, respec- 
tively. If a uniform size distribution for each powder 
fraction is assumed, the finer powder should have ap- 
proximately four times the specific surface area of the 
coarse powder. Thus, the initial dissolution rate per unit 
surface area of the fine powder is nearly twice that of the 
coarse powder for the cascade barrier bed method and is 
comparable to the coarse powder for the USP method. 
These observations conform to expectations based on 
apparatus design and fluid mechanical theory. 


Figure 2 shows the cascade barrier bed dissolution be- 
havior of a.mixture of 5 mg each of the fine and coarse 
sulfadiazine powders. For comparison, results of separate 
cascade barrier bed runs of 5 mg of the individual powder 
grades were added and the sum was plotted. The two plots 
closely correspond and indicate independent dissolution 
behavior of the two powder fractions within the bed. 


These findings do not indicate the superiority of one in 
uitro dissolution apparatus over another. Instead, they 


BOOKS 


suggest that, where particle-size effects prevent useful 
correlations with in uiuo drug levels, parallel use of two 
such contrasting methods is necessary. 


(1) “The United States Pharmacopeia,” 19th rev., Mack Publishing 
Co., Easton, Pa., 1975, p. 651. 


(2) “Fourth Supplement to  USP XIX and N F  XIV,” The United 
States Pharmacopeial Convention, Rockville, Md., 1978, pp. 194,195. 


(3) A. C. Shah, C. B. Peot, and J. F. Ochs, J.  Pharm. Sci., 62, 671 
(1973). 


(4) F. Langenbucher, ibid., 58,1265 (1969). 
(5) J. E. Tingstad and S. Riegelman, ibid, 59,692 (1970). 
(6) W.-H. Li and S.-H. Lam, “Principles of Fluid Mechanics,” Addi- 


son-Wesley, Reading, Mass., 1964, p. 18. 
Edward G .  Rippie 
Abu S. M. S. Huq 
Department of Pharmaceutics 
College of Pharmacy 
University of Minnesota 
Minneapolis, MN 55455 
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REVIEWS 


Analytical Profiles of Drug Substances, Volume 7. Edited by KLAUS 
FLOREY. Academic, I l l  Fifth Ave., New York, NY 10003. 1978. ix 
+ 504 pp. 15 X 23 cm. 
Volume 7 of this series includes individual drug monographs dealing 


with supplementary information that is not listed in the official com- 
pendia. The entire series of volumes was undertaken as a cooperative 
venture by the Pharmaceutical Analysis and Control Section, Academy 
of Pharmaceutical Sciences. The profiles of drug substances in each 
volume are submitted by contributors and checked by selected reviewers. 
A typical profile includes such topics as a description of the compound 
(name, formula, molecular weight, color, odor, and salts), physical 
properties (IR, NMR, UV, and mass spectra, melting or boiling point, 
solubility, partition coefficient, and dissociation constant), syntheses, 
stability, analysis methods, and metabolism and pharmacokinetic 
data. 


The monographs include up-to-date references, and many contributors 
state that their references are complete through a certain year, a worth- 
while piece of information for the reader. Among the drugs covered in 
Volume 7 are allopurinol, amoxicillin, chlorpheniramine maleate, dihy- 
droergotoxine methanesulfonate, diphenoxylate hydrochloride, dro- 
peridol, epinephrine, ethambutol hydrochloride, fluoxymesterone, 
hexetidine, hydroflumethiazide, hydroxyzine dihydrochloride, 6-mer- 
captopurine, phenobarbital, sulfamethazine, thiostrepton, trimethoprim, 
and tuhocurarine chloride. 


The entire series should be included in school of pharmacy library 
reading rooms and in university science libraries. They contain important 
drug data that have not been available previously in one single reference 
source. The series is not meant to be used as a textbook but can be em- 
ployed effectively as reference material for any pharmaceutical or me- 
dicinal chemistry course. 


Reoiewed by James T. Stewart 
School of Pharmacy 
University of Georgia 
Athens, G A  30602 
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The analytical procedure was employed for the determination of in- 
doprofen levels in human milk from seven subjects (Table 11). All samples 
were analyzed in duplicate, and each value is the average of these deter- 
minations. The relative standard deviation of pairs was 5.1%. Subjects 
1,3, and 4 had detectable levels of a component in the baseline samples, 
and these values were subtracted to obtain the corrected indoprofen 
levels. The impurity level was similar to that observed previously (-10 
ng/ml). This interfering compound was possibly present in all samples 
but was not completely removed in some during the sample preparation. 
Thirteen recovery samples were analyzed (Table I, Part B). The average 
recovery was 94% with a standard deviation of f8. Representative in- 
doprofen chromatograms in milk samples are presented in Fig. 2. For the 
20 spiked samples analyzed, the average recovery was 96%. 


Plasma samples were obtained a t  2.0 hr after administration for the 
single-dose subjects and a t  2.0,26, and 50 hr after the first dose for mul- 
tiple-dose subjects. Each plasma sample was analyzed in duplicate, and 
the averages are given in Tahle 11. The precision of the plasma determi- 
nations was excellent, with a relative standard deviation of pairs of 
5.1%. 


lndoprofen calibration standards were analyzed after every fourth 
sample to determine the relative weight response for drug level calcula- 
tions. New standards were prepared lor each subject. A comparison of 
the relative weight responses ohtained during milk sample analysis is 
given in Table 111. During the ]%day period, the day-to-day variation 
in standards was very small, with a relative standard deviation of 3.2% 


for the relative weight response. Thus, the analytical system had excellent 
stability and provided quantitative data for extended periods. 
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Abstract  o Callicarpone, a component 10 times as toxic to fish as ro- 
tenone, h a  been isolated from the leaves of Callicarpa candicans. It is 
reasonable to assume that callicarpone will act as an insecticidal agent 
as does rotenone. Therefore, the structure-activity relationship of cal- 
licarpone was examined by synthesizing a series of compounds having 
certain of its structural features. Those compounds were tested for in- 
secticidal and antimicrobial activities. A study of synthetic analogs elu- 
cidated the functional group chemistry of callicarpone so that a synthesis 
might be undertaken. Piperitone oxide showed -1/100th the activity of 
rotenone against Daphnia rnagna. l-(a-Hydroxyisopropyl)-3-oxocy- 
clohexene oxide showed activity against mycobacterium while 
2,3,4,6,7,8-hexahydronaphthalene-1,4-dione showed inhibitory activity 
against the mycobacterium and two yeasts. 


Keyphrases Callicarpone-analogs, structure-activity relationships, 
toxicity, antimicrobial activity 0 Insecticides-callicarpone, analogs, 
structure-activity relationships, toxicity, antimicrobial activity 
Structure-activity relationships-callicarpone analogs, antimicrobial 
activity 


The use of decoctions of various plants as fish poisons 
has been practiced for many centuries by native tribes in 
Africa, India, and South America. Usually, the poisonous 
plants were macerated with water, the decoction was 
poured into a selected body of water, and the fish that rose 
to the surface were collected. I t  was reasonable to assume 
that these poisonous plants should exhibit toxicity against 
organisms besides fish, and some of these plants have been 
found to contain useful insecticides. 


A component toxic to fish has been isolated from the 
leaves of Callicarpa candicans (1).  These leaves have long 
been used for stupefying fish by natives of Palau and the 
Philippine Islands. The active principle was named calli- 
carpone (I). Callicarpone exhibited 10 times stronger 


I I1 I11 


IV V 
toxicity against loach fish (Misgurnus anguillicaudatus) 
than did rotenone. The structure of callicarpone was de- 
duced from spectral and chemical evidence. 


Since callicarpone possesses stronger toxicity against 
fish than does rotenone, it is reasonable to assume that 
callicarpone also might act as an insecticidal agent. 
Therefore, a study of the structure-activity relationship 
of callicarpone was initiated by synthesizing a series of 
compounds having certain of its structural features and 
by testing these compounds for their toxicity to Daphnia 
rnagna (a fresh water crustacean) (2). To  determine if 
these functional groups might show a more general bio- 
logical activity, the agents also were tested for antimicro- 
bial activity. A study of synthetic analogs provided infor- 
mation about the functional group chemistry of callicar- 
pone so that a synthesis might be undertaken. 


Callicarpone possesses some unique structural and 
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functional features, especially in rings B and C. To deter- 
mine the structure-activity relationship, these structural 
and functional features were incorporated into compounds 
11-v. 


DISCUSSION 


Compound I1 possessed the a-epoxyketone functionality with a com- 
parable substitution pattern around the epoxide ring and the carbonyl 
group as found in callicarpone. T o  determine the importance of the 
u-epoxyketone for biological potency, 111 also was synthesized; it incor- 
porated all of the features of 11, except that  the carbonyl group was re- 
placed by a hydroxyl group. This compound also allowed study, inde- 
pendently, of the activity of an a-hydroxy epoxide function, a system 
present in the parent callicarpone. 


Compound IV possessed the 1,4-enedione functionality incorporated 
into a hexahydronaphthalene moiety as found in callicarpone. The im- 
portance of an a-hydroxyisopropyl group associated with the a-epoxy- 
ketone in callicarpone could be tested by synthesis of V, which incorpo- 
rated the a-hydroxyisopropyl group in a comparable position to the 
a-epoxyketone as found in callicarpone. 


The synthesis of piperitone oxide I1 was accomplished by treating 
piperitone VI with hydrogen peroxide and base according to the organic 
synthesis procedure (3). The I1 yield was low and erratic with the use of 
6 N NaOH. A substantial amount of diol was recovered from the reaction 
mixture. The yield was significantly improved (to >75%) when the 
strength of the base was lowered to 4 N NaOH. A pure sample of 11, whose 
physical properties were consistent with those reported (4), was recovered 
from the reaction mixture by distillation under vacuum. 


The synthesis of 111 was initiated by reducing VI with sodium boro- 
hydride in methanol a t  room temperature according to a literature pro- 
cedure (5). However, the reaction failed to yield any appreciable amount 
of VII. Lithium aluminum hydride reduction of piperitone, according 
to a literature procedure (6), resulted in the isolation of the desired alcohol 
(VII) in a 95% yield. The synthesis of 111 was accomplished by subjecting 
VII to m -chloroperbenzoic acid buffered with sodium acetate in meth- 
ylene chloride a t  0-5’ (7). The pure epoxyalcohol (111) was obtained in 
a 70% yield from the reaction product by distillation under vacuum 
(Scheme I). 


Campbell and Harris (8) reported the synthesis of 2,3,4,6,7,8-hex- 
ahydronaphthalene-l,5-dione (IV) in a <0.5% overall yield from A9-l0 
octalin. Alternatively, Johnson et 01. (9) reported the synthesis of de- 
calin-1,5-diones (X and XI) from naphthalene-1.5-diol (VIII) by reduc- 
tion with h e y  nickel a t  high temperature and pressure and subsequent 
oxidation. Since rhodium and ruthenium catalysts were unknown a t  the 
time of that work, an attempt was made to reduce the naphthalene- 
1,5-diol with 5% rhodium on alumina a t  60 psi (lo), which resulted in the 
ifiolation of the desired decalin-1,5-diols (IX) in a >90% yield (Scheme 
11). 


The stereochemistry of the diols (IX) was not crucial for further 
transformations, so the mixture of stereoisomers was not separated a t  
this juncture. The diols (IX) were suhjected to modified Jones oxidation 
using chromium trioxide, benzene, sulfuric acid, and acetic acid a t  0-5’. 
The cis- and trans-decalin-1,5-diones (X and XI) were obtained in a 2 3  
ratio in an -85% yield. These two compounds were separated by repeated 
fractional crystallization using benzene and petroleum ether (bp 60-65O). 
The physical properties of X and XI were consistent with those reported 
previously (9). 


The mixture of cis- and trans-decalin-1,5-diones was refluxed with 
N-bromosuccinimide in carbon tetrachloride with irradiation with IR 
light (1 1 ). However, the anticipated monobromodecalin- 1,5-dione was 
not obtained in a good yield. To improve the yield, the reflux time was 
increased to 48 hr. The isolated yellowish-brown solid, obtained in a 65’70 
yield, was devoid of bromine. On repeated crystallization with petroleum 
ether (bp 60-65’), a light-yellow solid was obtained; it was characterized 
as IV on the basis of physical and spectral properties. Compound IV also 
could be obtained from the reaction product mixture by eluting it through 
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a short alumina column with cyclohexane or petroleum ether (bp 60- 
65’). 


The synthesis of l-(a-hydroxyisopropyI)-3-oxocyclohexene oxide (V) 
(Scheme 111) was initiated from commercially available 2,3-dimethoxy- 
benzaldehyde (XII), which was oxidized with aqueous potassium per- 
manganate at steam bath temperature by an organic synthesis procedure 
(12) to 2,3-dimethoxybenzoic acid (XIII) in a >90% yield. The acid XI11 
was esterified by treatment with methanolic hydrogen chloride containing 
a trace of sulfuric acid prior to the cleavage of the methyl ethers (13). 


Gero (14) used boron trichloride to cleave methyl ethers in the presence 
of an ester group. Application of this procedure to XIV, using a fourfold 
excess of boron trichloride in methylene chloride at -78O, gave the desired 
catechol (XV) in an 85-90% yield. 


The synthesis of methyl-2,3-dihydroxycyclohexane carboxylate (XVI) 
was accomplished by the reduction of XV over 5% rhodium on alumina 
a t  3 atmospheres of hydrogen pressure. Sodium methoxide treatment 
of XVI failed to provide the desired elimination product, methyl-3- 
hydroxycyclohex-1-ene carboxylate. A yellowish-brown solid obtained 
from the reaction could not be identified. Acetylation of XVI, using acetic 
anhydride in pyridine (XV), failed to give appreciable diacetate. 


The synthesis of XVII was achieved by refluxing XVI with acetic an- 
hydride in the presence of sodium acetate for 72 hr. A mixture of XVII 
and the diacetate of XVI was obtained in an -70-7596 yield. The two 
components were separated by chromatography on an alumina column. 
The formation of XVII could be explained by sodium acetate-catalyzed 
elimination of acetic acid from the diacetate. This hypothesis is supported 
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by the observation that the diacetate was transformed to XVII under 
these reaction conditions. Treatment of XVII with six equivalents of 
methyl lithium in ether a t  room temperature for 16 hr (15) produced 
XVIII in a good yield. Conversion of XVIII to XIX was performed in a 
60W yield by treating XVIII with commercially available activated 
magnesium dioxide in hexane a t  room temperature for 96 hr (16). 


The final step in the synthesis of V was achieved in a 65% yield by 
treating XIX with hydrogen peroxide and 4 N NaOH. The structure of 
V was established on the basis of spectral data. The IR spectrum showed 
an intense band a t  1700 cm-l, indicating the presence of a saturated 
six-membered alicyclic ketone. The PMR spectrum of V indicated the 
presence of the tu-hydroxyisopropyl group a t  6 1.4 ppm integrating for 
six protons. This signal was shifted downfield on the addition of tri- 
chloroacetyl isocyanate. The PMR spectrum also showed a sharp singlet 
integrating for one proton a t  6 3.4 ppm, supporting the presence of the 
epoxide ring. The mass spectrum contained peaks at rnle 170 (M+), 152, 
137, 124,83, and 82. 


BIOLOGICAL RESULTS 


Compounds 11-V were assayed for antimicrobial activity' using the 
standard agar well-diffusion technique. Organisms included in the assay 
were Staphylocotcus aureus (ATCC 6538), Eseherichia coli (ATCC 
10536), Pseudomonas aeruginosa (ATCC 15442), Bacillus subtilis 
(ATCC 6633). Mycohacterium srnegrnatis (ATCC 14468), Aspergillus 
niger (A'I'CC 11:394), Saccharornyces cereuiseae (ATCC 9763), and 
Candida albicans (ATCC 10'231). 


Stock cultures (except A. niger) were inoculated into 50 ml of culture 
hroth (Hugon broth for bacteria and Mycophil broth for the yeasts) and 
incubated for 24 hr with shaking. The 24-hr cultures were diluted 1:50 
in sterile distilled water, and agar plates (Eugon or Mycophil) were 
streaked (quadrant method) with the 150  dilution using a sterile dacron 
swab. For A. niger, a sterile water suspension of conidia was streaked on 
Mycophil agar. 


Cylindrical plugs were removed from the agar plates using a sterile cork 
borer to produce wells having a diameter of 11 mm. Each 100 X 15-mm 
plate had two wells, one for the test solution and one for the solvent blank. 
With a micropipet, 100 pl ofthe test solution or solvent was added to each 
well. Compounds were tested routinely a t  a 2-mg/ml concentration in 
ethanol. A standard antibiotic for each organism was incorporated into 
the screen. Streptomycin sulfate (2 mg/ml) was used for the bacteria, and 
amphotericin B (250 pg/ml) was used for the fungi and yeasts. The results 
were read after 24 and 48 hr and are reported as the average radius of the 
inhibition zone measured in millimeters from the edge of the well to the 
edge of the inhibition zone. 


Compounds I1 and I11 showed no inhibition of any organism. Com- 
pound IV showed slight inhibition of the two yeasts and the mycobac- 
terium (Table I). Compound IV might distantly resemble the quinone 
compounds, which are so widely prevalent in biological systems, although 
il ik premature t o  draw any conclusion regarding its mechanism of action. 
('i~inpound V showed good inhibition (17 mm) ofthe mycohacterium but 
no inhihition of'any other organism. 


Compounds 11-IV also were tested against 11. magna (a fresh water 
organism). Solutions containing 80,8,0.8, or 0.08 mg of 11,111, or IVAiter 
were tested against D. magna using a rotenone standard (2). Toxicity to 
the Daphnia from these compounds was observed every 30 min. Com- 
pound I1  was the most active of the compounds tested. I t  possessed 
-1/100th the activity of rotenone. Compound 111 was devoid of any ac- 
tivity, while Compound IV was -1/1000th as active as rotenone. 


EXPERIMENTAL2 


Piperitone Oxide (II)--ln a 250-ml three-necked flask equipped with 
;I mechanical stirrer, a dropping funnel, and a thermometer was placed a 
solution 017.1 g (0.046 mole) of piperitone (VI )  and 15 ml (0.12 mole) of 
30% H202 in 60 ml of methanol. After the contents of the flask had been 


Department of Pharmacognnsy, University of Mississippi, University, MS 
39677. 


2 All melting points were taken on a Thomas-Hoover llnimelt apparatus and are 
corrected. Analyses were performed either by Midwest Microlah. Inc., Indianapolis, 
Ind., or on an F and M model 185 C, H, N analyzer at the University of Kansas. IR 
data were recorded on I3erkman IR-8, IR-10, and IR-33 spectrophotometers. PMR 
data were recorded on Varian A-60, A80A, and T-60 analytical spectrometers with 
Ictrnnirthylsilanc as the internal standard. PMR data are reported as d values 
( p i r t s  per million), Mass spectra were rccurded nn a Varian Atlas CH 5 at 70 ev 
; I I  :I resolution of -4000. 


Table I-Inhibition of Microorganisms by IV 


Zone of Inhibition, mm Oreanism 


Yeasts and fungi 
A. niger 
C. albicqns 
S. cereuiseae 


Mycobacteria 
M. smegrnaiis 


Bacteria 
S. aureus 
E. coli 
P. airuginosa 0 
R.  subtilis 0 


cooled to 15' by an ice-water bath, 15 ml(O.06 mole) of 4 N NaOH was 
added dropwise over 1 hr. During the addition, the temperature of the 
reaction mixture was maintained a t  15-20' with the ice-water bath. After 
the addition was complete, the resulting mixture was stirred for 3 hr a t  
room temperature. 


The reaction mixture was poured into 100 ml of water and extracted 
with three 100-ml portions of ether. The ethereal extracts were combined, 
washed with water, dried over magnesium sulfate, concentrated, and 
distilled in uacuo to give 5.3 g (70%) of 11, bp 63-65' (1 mm) [lit. (4) bp 
66-67' (1 mm)]; IR (liquid film): 1705 (C=O) and 780and 840 (epoxide) 
cm-l; PMR (CDCIx): 3.1 (s, 1, epoxide), 0.8-1 .O (dd, 6, CH~CHCHX),  and 
1.4 (s, 3, CHsCCH); mass spectrum: 168 (M+, 2% of base peak), 126 (M+ 
- C:<Hs, 20% of base peak), 140 (M+ - C=O, 5% of base peak), and 56 
(base peak, 100%). 
l-Methyl-4-isopropyl-h'-cyclohexene-3-ol (VI1)-In a 250-ml 


three-necked flask equipped with a magnetic stirrer, a dropping funnel, 
and a condenser was placed a solution of 8.0 g (0.053 mole) of VI in 100 
ml of ether. Then a solution of 0.80 g (0.021 mole) of lithium aluminum 
hydride in 50 ml of ether was added during 30 min. The mixture was re- 
fluxed for 0.5 hr. Excess lithium aluminum hydride was decomposed with 
5 ml of 50% ethanol followed by 10 ml of water until the precipitation of 
aluminum oxide had stopped. The ether layer was separated, washed with 
water, dried over magnesium sulfate, concentrated, and distilled to give 
7.8 g (95%) of VII; IR (liquid film): 3400 (OH), 1640 (C=C), and 1980 
(C-CH3) cm-l; PMR (CDCI.1): 5.5 (bs, 1, C=CH),4.1 (m, 1,CHOH), 
and 1.8 (s, 3, vinylic methyl). 


l-Methyl-3-hydroxy-4-isopropylcyclohexene Oxide (111)-In a 
250-ml three-necked flask equipped with a stirrer, a dropping funnel, and 
a thermometer was placed a solution of 4.5 g (0.03 mole) of VII in 100 ml 
4 1 1  methylene chloride. The solution was cooled to 20' by an ice -water 
bath. A solution of 9.5 g (0.045 mole) of  85% rn-chloroperbenzoic acid, 
containing 1.5 g of sodium acetate in 50 ml of methylene chloride, was 
added dropwise in 15 min. The resulting mixture was stirred a t  room 
temperature for 20 hr. The contents of the flask were poured into 150 ml 
of water, the organic layer separated, and the aqueous layer was extracted 
with two 5 0 4  portions of methylene chloride. 


The combined methylene chloride layers were washed with two 25-ml 
portions of 10% sodium carbonate and two 50-ml portions of water. The 
organic layer was dried over magnesium sulfate, concentrated, and dis- 
tilled in uacuo to give 3.5 g (70%) of 111; IR (liquid film): 3450 (hydroxyl), 
1380 (C-CHd, and 840 and 770 (epoxide) cm-'; PMR (CDC13): 3.9 (m, 
1, CHOH), 3.3 (bs, 1, C-CH), and 1.2 (s, 3, epoxide methyl); mass 
spectrum: 170 (M+, 5% of base peak), 152 (M+ - H20,7% of base peak), 
85 (15% of base peak), 84 (base peak, loo%), and 56 (30% of hase 
peak). 


Dccalin-1.5-diol (1X)-A solution of 20 g of 1.5-dihydroxynaph- 
1 hnlene (VI11) in 500 ml of95% ethanol was boiled with 4 g of activated 
c*h;trcoal for 16 min and filtered while hot. The filtrate was again boiled 
with 4 g of activated charcoal for 5 min and filtered while hot. Upon 
cooling to ice bath temperature, a first crop of VIIl crystallized. The 
crystals were separated by filtration, and the filtrate was concentrated 
on the rotary evaporator, filtered, and chilled in the refrigerator. A second 
crop of VIII was obtained, yielding a total recovery of 11.5 g. 


A solution of 10.0 g (0.063 mole) of VIII in 100 ml of methanol was 
hydrogenated in the presence of 5 g of 5% rhodium-on-alumina a t  an 
initial pressure of 65 psi. This sample was left until no additional fall in 
pressure was ohserved (usually 48 hr). The catalyst was removed by fil- 
tration, and the solvent was removed on the rotary evaporator. The res- 
idue was treated with 20 ml of 10% NaOH and 50 ml of benzene and 
shaken vigorously. A white solid material was separated, filtered, and 
washed twice with water and then withether. A yield of 9.1 g (86%) of IX 
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was obtained, mp 208-209' [lit. (12) mp 210-211']; IR (KBr disk): 3400 
(hydroxyl), 1450 (methylene), and 1030-1050 (COH) cm-'. 


Decalin-I,J-diones (X and XI)-A suspension of 5.0 g (0.03 mole) 
of IX in 75 ml of benzene was cooled to 0-5' by cooling in an ice-water 
bath. To this suspension was added dropwise, with stirring, a cold solution 
of 7 g of sodium dichromate in 5.25 ml of glacial acetic acid, 9.5 ml of 
concentrated sulfuric acid, and 50 ml of water. During the addition, which 
required -2 hr, the temperature of the reaction mixture was not allowed 
to exceed 5". 


After the addition was complete, the mixture was stirred for an addi- 
tional 3 hr a t  0-5' and then allowed to stand a t  room temperature over- 
night. The aqueous layer was separated and extracted with two 25-ml 
portions of benzene. The combined benzene layers were washed with 
water, with saturated sodium bicarbonate, and finally with water. The 
benzene was removed on the rotary evaporator to give 4.1 g (83%) of the 
cis- and trans-decalin-1,5-diones (X and XI). These compounds were 
separated from the mixture by fractional crystallization using benzene 
and petroleum ether (bp 60-65'), mp (X) 80-81' [lit. (12) mp 79-80'] 
and mp (XI) 165-166" [lit. (12) mp 166-167"]; IR (KBr disk): 1700 
(C=O) and 1460 (methylene) cm-I. 
2,3,4,6,7&Hexahydronaphthalene- I,5-dione (1V)-A solution of 


1.4 g (0.009 mole) of X and XI and 1.6 g (0.01 mole) of N-bromosuccini- 
mide, recrystallized from water, in 50 ml of carbon tetrachloride was re- 
fluxed for 48 hr. The solution was irradiated intermittently with IR light. 
The floating succinimide residue was filtered and washed with carbon 
tetrachloride. The organic layer was concentrated to give 0.95 g (65%) 
of a yellow solid which, on recrystallization from petroleum ether, gave 
a light-yellow solid (IV), mp 110-11lo [lit. (10) mp 112-113"]; IR (KBr 
disk): 2960 (CH), 1710, 1675 (C=O), and 1640 (C=C) cm-'; PMR 
(CDC13): 2.5 (m, 6, allylic and methylenes alpha to carbonyl), and 2.0 (m, 
4, methylene); mass spectrum: 164 (M+, 40% of base peak), 136 (M+ - 
C=O, 70% of base peak), and 84 (base peak, 100%). 


2,3-Dimethoxybenzoic Acid (XII1)-A mixture of 2,3-dimethoxy- 
benzaldehyde (XII) (100 g, 0.6 mole) and 1 liter of water was placed in 
a three-necked flask equipped with a mechanical stirrer, a dropping 
funnel, and a thermometer. The flask was placed on a steam bath, heated 
to 70-80', and stirred. A solution of 150 g of KMn04 in 800 ml of water 
was allowed to flow into the emulsion of XI1 over 40-45 min. The stirring 
was continued for 90 min. 


Sufficient 10% potassium hydroxide solution was added to make the 
reaction mixture alkaline, the mixture was filtered while hot, and the 
manganese dioxide was washed with two 200-ml portions of hot water. 
The filtrate was acidified with concentrated hydrochloric acid until no 
further precipitate formed. The resulting XI11 was filtered, washed with 
cold water, and dried. The yield was 95 g (92%), mp 121' [lit. (17) mp 


Methyl-2.3-dimethoxybenzoate (X1V)-A solution of XI11 (90 g, 
0.53 mole) in 500 ml of methanol saturated with dry hydrogen chloride 
gas was prepared. One milliliter of concentrated sulfuric acid was added, 
and the mixture was refluxed for 12 hr. The reaction mixture was con- 
centrated on the rotary evaporator, the residue was extracted with ether, 
and the ethereal layer was washed with water, saturated sodium bicar- 
bonate solution, and then water. I t  was then dried over magnesium sulfate 
and concentrated to give 81.5 g (85%) of XIV, mp 58-59' [lit. (18) mp 
57-58']. 
Methyl-2.3-dihydroxybenzoate (XV)-In a 1-liter three-necked 


flask equipped with a mechanical stirrer was placed a solution of 55 g (0.27 
mole) of XIV in 400 ml of methylene chloride. Boron trichloride (90 g, 
0.81 mole) was condensed into the solution at  -78'. The reaction mixture 
was stirred a t  -78O for 90 min and then allowed to stir a t  room temper- 
ature overnight. The resulting boron trichloride complex was decomposed 
with careful addition of water, the organic layer separated, and the 
aqueous layer was extracted with two 100-ml portions of methylene 
chloride. 


The methylenechloride layers were combined and washed with three 
100-ml portions of water, saturated sodium bicarbonate solution, and 
then water. Then they were dried over magnesium sulfate and concen- 
trated to yield 45 g (85%) of XV, mp 78-80'; PMR (CDC13): 7.0 (m, 3, 
aromatic), 5.9 (bs, 1, OH), 10.8 (s, 1, OH), and 3.9 (s,3, COOCH3). 
Methyl-2,3-dihydroxycyclohexane Carboxylate (XV1)-A solu- 


tion of 20.0 g (0.12 mole) of XV and methanol (200 ml) was hydrogenated 
in the presence of 5 g of 5% rhodium-on-alumina at an initial pressure 
of 60 psi for 24 hr.The catalyst was removed by filtration, and the solvent 
was removed on a rotary evaporator to give 19.8 g (96%) of an oil (XVI); 
IR (liquid film): 3450 (OH), 2960 (CH), and 1735 (COOCH3) cm-I; PMR 
(CDC13): 4.3 (m, 1, H-C-OH), 4.1 (m, 1, H-C-OH), 3.8 (s, 3, 
COOCH3), and 1.6 (m, 8, methylene). 


120- 1 22'1. 


Methy1-3-acetoxy-A1-cyclohexene Carboxylate (XVI1)-A so- 
lution of 20.0 g (0.115 mole) of XVI in 250 ml of acetic anhydride, con- 
taining 6.5 g of anhydrous sodium acetate, was refluxed for 72 hr. The 
solution was filtered, excess acetic anhydride was distilled in uacuo, and 
the residue was poured into 150 ml of 10% sodium carbonate solution and 
kept overnight. The solution was extracted with three 100-ml portions 
of ether, and the ether layers were combined and washed with water, dried 
over magnesium sulfate, and concentrated to give 15.5 g of an oil con- 
taining a mixture of XVII and methyl-2,4-diacetoxycyclohexane car- 
boxylate. 


The crude mixture wasadsorbed onto a neutral alumina column (ac- 
tivity grade 11) and eluted with 20% ethyl acetate in cyclohexane. A yield 
of 8.5 g (35%) of pure XVII was eluted from the column; IR (liquid film): 
2960 (CH), 1730 (COOCH3and acetate), 1650 (C=C), and 1370 (C-CH3) 
cm-l;PMR (CDCI&6.8(m,l,C=CH),5.4 (m,l,CHOOCH3),3.8 (s,3, 
COOCHB), and 2.1 ( s ,  3, acetate). 
I-(c~-Hydroxyisopropyl)-A~-cyclohexane-3-ol (XVII1)-In a 


250-ml three-necked flask equipped with a stirrer and a dropping funnel 
was placed a solution of 4.0 g (0.02 mole) of XVII in 50 ml of ether under 
an atmosphere of argon gas. The solution was cooled to 0-5' by an ice 
bath. A 120-ml aliquot of a 1 M solution (0.12 mole) of methyl lithium 
in ether was added dropwise over 1 hr. The resulting solution was allowed 
to stir overnight at room temperature, The solution was poured into 100 
ml of 5% ammonium bicarbonate, the ethereal layer separated, and the 
aqueous layer was extracted with two 50-ml portions of ether. 


The combined ether layers were washed with water, dried over sodium 
sulfate, and concentrated to give 2.6 g (83%) of XVIII; IR (liquid film): 
3400 (OH), 3000 (CH), 1660 (C=C), and 1370 and 1380 (CH3-C-CH3) 
cm-'; PMR (CDC13): 5.8 (m, 1, C=CH), 3.9 (m, I ,  CH-OH), and 1.32 


1 -(a-Hydroxyisopropyl)-A1-cyc10hexane-3-one (X1X)-A solution 
of 1.5 g (0.0098 mole) of XVIII in 50 ml of hexane, containing 5 g of acti- 
vated manganese dioxide, was allowed to stir a t  room temperature for 
96 hr. The solution was filtered, and the solvent was removed in UQCUO 
to give 1.05 g (65%) of XIX; IR (liquid film): 3450 (OH), 1675 (C=O), and 
1620 (C=C) cm-'; PMR (CDC13): 6.15 ( s ,  1, C=C-H), 2.4 (m, 2, 
CH&=O), and 1.4 [s, 6, CH3--C(-OH)--CH3]; mass spectrum: 154 
(M+, 1% of base peak), 136 (M+ - H20,2% of base peak), 139 (M+ - CH3, 
2% of base peak), and 83 (base peak, 100%). 
l-(cr-Hydroxyisopropyl)-3-oxocyclohexane Oxide (V)-In a 


100-m1 three-necked flask equipped with a mechanical stirrer and a 
dropping funnel was placed a solution of 0.77 g (0.002 mole) of XIX and 
1.5 ml(O.012 mole) of 30% Hz02 in 40 ml of methanol. After the contents 
of the flask were cooled to 15' by an ice-water bath, 1 ml(0.006 mole) of 
4 N NaOH was added. The resulting mixture was stirred a t  room tem- 
perature for 4 hr and poured into 50 ml of water. Then the aqueous layer 
was extracted with three 30-ml portions of ether. 


The ethereal layers were combined, washed with water, dried over 
magnesium sulfate, and concentrated in uacuo to give 0.55 g (70%) of V; 
IR (liquid film): 3400 (OH), 1705 (W), and 825 and 780 (epoxide) cm-'; 
PMR (CDC13): 3.4 (s, 1, C - C H ) ,  2.2 (t, 2, CHy-C=O), and 1.4 ( s ,  6, 
CH3-C-CH,); mass spectrum: 170 (M+, 1% of base peak), 152 (M+ - 
H20,2% of base peak), 83 (base peak, loo%), and 82 (8% of base peak). 


[s, 6, CH3-C(-OH)-CHs]. 
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Abstract Two numerical examples are presented to illustrate the 
application of the proposed method of parameter estimation in phar- 
macokinetics. Results for a system exemplifying first-order kinetics in- 
dicate that parameters estimated by the proposed procedure compare 
favorably with those estimated by a nonlinear regression method. In a 
simulated example characterized hy Michaelis-Menten elimination ki- 
netics, the accuracy of the estimated parameters was comparable to that 
expected, verifying the validity of the method. The importance of the 
numerical approximation algorithms was demonstrated also. 
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A general approach suitable for parameter estimation 
was reported previously (1). The strategy is to obtain 
equivalent mathematical expressions in linear form. 
Briefly, the procedure involves data transformation, 
usually by numerical integration and/or differentiation, 
followed by multiple linear regression. The application of 
this technique in pharmacokinetics is illustrated in the 
present report. 


ESTIMATION PROCEDURE 


Linear Case-Many pharmacokinetic processes are linear, and their 
description can be approximated by multiexponential equations. In a 
two-compartment open model (2,3),  the observed drug concentration 
in the central compartment, C , ,  after intravenous administration can he 
descrihed by: 


(Eq. 1) 


where a,  b, N ,  and /3 are unknown constants and n is the number of ob- 
servationsl. If the elimination is assumed to take place from the central 
compartment only, as depicted in Scheme I, the relationships between 
the four constants and the model parameters become: 


C ,  = a exp(--nt,) + b exp(-Pt,) i = 1,2,. . . , n 


N = 0.5[ (k12 + k21 + klo) + ~ ' ( k l 2  + k 2 I  + &lo) - 4k2lkl"l 


P = 0.5[(k12 + k21 + k l d  - d ( k i 2  + ki i  + kio) - 4kz1k10I 


(Eq. 2) 


(Eq. 3) 


a = D(cw - k p l ) / V ( a  - 0) (Eq. 4) 


1 For simplicity, subscript i is omitted and implied in most of the equations. 


,I& Kin 


K21 
T----rB+l! 


Scheme /- / , inear trw-compartmrnt open model depicting thc body 
as composed of the central compartment R (including blood) and the 
peripheral compartment T, where k l 2  and k l l  are first -order inter- 
compartmental transfrr rate constants, klo  is thr  first-order rlimination 
rate constant, and U is the eliminating compartmcnt. The drug dose 
D is introduced into.thr central compartment a t  zero time. The  drug 
concrntration in thr  central compartmcnt i s  defined as C = HN, Lchere 


V in the o o h m e  of distribution of the central compartmmt .  


b = D(k21 - P)/VCN - 8) 
V = D / ( a  + b )  


(Eq. 5) 


(Eq. 6) 


Ry applying the procedure described earlier ( I )  and recognizing that 
concentration at  time zero is not an observation for a given experiment, 
the biexponential equation can be transformed into the following linear 
expression, which contains four terms: 


4 


I =  1  
C =  A , X ,  (Eq. 7) 


where: 


X q  = s" X:3 dt  
I 


(Eq. 15) 


In deriving Eqs. 8 and 9, the following identities apply: 
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Instrumental  Applications in Forensic Drug  Chemistry: Proceed- 
ings of t he  International Symposium, May 1930.1978. Edited by 
MICHAEL KLEIN, ALICE V. KRUEGEL, and STANLEY P. 
SOBOL. U S .  Government Printing Office (stock number 027-000- 
00770-8). Washington, D.C. Soft cover, 20 X 26 cm. 
This volume records the papers presented a t  an international sym- 


posium hosted by the Drug Enforcement Administration in Arlington, 
Va. on May 29 and 30,1978. This symposium brought together interna- 
t ional forensic scientists to highlight recent advances in instrumentation 
and methodology that have been applied to forensic drug analysis. The 
volume contains topics of interest to forensic scientists and clinical an- 
alysts. Twenty-three papers are included in four areas: spectroscopy, 
computer applications, chromatographic advances, and special topics. 
Contributors include recognized experts in their respective fields. 


In the spectroscopy section, a review (72 references) of mass spec- 
trometry is presented, and specific papers address the use of stable iso- 
topes for quantitation and the development of negative-ion mass spec- 
t rometry for forensic applications. Papers on Fourier transform IR and 
NMR applications complete this section. The computer applications 
section includes several papers on drug identification which emphasize 
spectra retrieval systems. Numerous general laboratory information 
systems used by various national and state government agencies also are 
described. 


Chromatographic instrumentation, methodology, and specific drug 
analyses are discussed. One paper describes a direct liquid inlet interface 
for coupling a high-performance liquid chromatograph with a quadrapole 
mass spectrometer. An extensive review (73 references) is given on the 
application of derivatization techniques in forensic drug analysis. In 
addition, GLC profiling of drug seizures using selective detectors is de- 
scribed. Chromatographic techniques used by the forensic toxicologist 
also are discussed. The final section of the volume includes papers on drug 
reference standards, a review of immunoassay with a detailed bibliog- 
raphy (445 references), and papers on light microscopy and the scanning 
electron microscope. 


This volume assimilates much useful information pertaining to drug 
analysis and captures the forensic perspective. An additional benefit is 
the list of symposium attendees, which provides many contacts for people 
working in this discipline. 


Reviewed by Lyal Hood 
U.S Customs Service 
Department of the Treasury 
Washington, DC 20229 


Body Temperature: Regulation, Drug  Effects, and Therapeutic 
Implications (Modern Pharmacology-Toxicology Series, Vol. 16). 
Edited by PETER LOMAX and EDWARD SCHONBAUM. Dekker, 
270 Madison Ave., New York, NY 10016.1979.680 pp. 16 X 24.5 cm. 
Price $59.75. 
This reference is the outcome of an awareness that the time was right 


for thorough consideration of the current understanding of the physio- 
logical mechanisms that affect body temperature and their modification 
by certain neuroregulators and several specific drug classes. I t  is the 
collective work of 40 contributors and contains 25 chapters with an added 
section on recent developments. 


The introductory chapters lead the reader through an extensive his- 
torical development of thermoregulation from the first article published 
in 1797 up to 1940 when the hypothalamus was generally acknowledged 
as the center for thermoregulation in mammals including humans. This 
introduction is followed by six chapters concerning postulated neural 
models for neuroregulation, hypothalamic and extrathalamic thermo- 
regulatory centers, heat production, heat transfer and loss, the effect of 
ions on body temperature, and the effect of drugs on thermoregulatory 
behavior. These chapters are followed by 12 chapters on specific body 
chemicals and drug classes and one chapter each on pyrexia, thermo- 
regulation in the newborn, malignant hyperthermia, accidental hypo- 


thermia, body temperature during general anesthesia, and clinical hy- 
pothermia. 


Convincing evidence published during the last 20 years is cited for the 
existence of extrahypothalamic thermosensitive neurons throughout the 
central nervous system. In addition, the data presented show clearly that 
there is an interaction of certain nodal points in the spinal cord, medulla 
oblongata, midbrain-pons, and the hypothalamus in the very complex 
physiological maintenance of thermoregulation. 


The material concerning the neurotransmitters serotonin, dopamine, 
norepinephrine, histamine, and acetylcholine is exhaustive and points 
out the varied hypothermic and hyperthermic responses observed among 
different species as well as in the same species and the variations observed 
when these agents are used uia different administration routes and a t  
different ambient temperatures. Specific sites and/or cells that  appear 
to respond to these"chemica1s are well documented. The reader should 
he aware that the reference material is filled with not only the most recent 
research articles but also contains enough of the past literature to use as 
a guide for future research. 


This book should be of value to anyone involved in thermoregulation, 
including clinicians and researchers in the pathophysiology or pharma- 
cotherapeutics of fever. 


Reviewed by Ronald F. Gautieri 
Department of Pharmacology 
School o f  Pharmacy 
Temple University 
Philadelphia, PA 19140 


T h e  Alkaloids. Chemistry and  Physiology. Vol. XVII. Edited by R. 
H. F. MANSKE and R. G. A. RODRIGO. Academic, 111 Fifth Ave., 
New York, NY 10003.1979. xx + 611 pp. 14 X 23 cm. Price $55.00. 
R. G. A. Rodrigo became coeditor of this classic series on alkaloids upon 


the death of the series' founder, Dr. R. M. F. Manske, who commissioned 
the reviews found in this volume. The high standards required by Dr. 
Manske are maintained in this excellent book. 
S. W. Pelletier and N. V. Mody wrote the first chapter which covers 


work published since July 1968 dealing with the structure and synthesis 
of' Clg-diterpenoid alkaloids. One section gives references to the 13CMR 
spectra of these alkaloids, and another section discusses some mass 
spectral fragmentation schemes since these two methods are invaluable 
in structural elucidation. Of particular interest is a catalog of 73 known 
Clg-diterpenoid alkaloids with their correct structures, physical prop- 
erties, plant sources, and key references. 


Chapter 2, by M. F. Grundon, deals with quinoline alkaloids related 
to anthranilic acid (0-aminobenzoic acid) which were reviewed in Vol. 
IX. Since then, more than 70 new quinoline alkaloids have been isolated, 
and this review brings the alkaloid chemist up to date on their Occurrence 
and structural determination. Syntheses for new quinolines and im- 
provements in existing syntheses are presented. The quinolines covered 
include 4~methoxy-2-quinolones, :%-prenyl-2-quinolones and related 
tricyclics, furoquinolines, 1,l- and 1,2-dimethylallyl alkaloids, and 2- 
a1 kyl- and 2-aryl-4-quinolones. 


In Chapter 3, G. A. Cordell reviews the monomeric Aspidosperma al- 
kaloids. This chapter is organized especially well considering the vast 
quantity of material generated since Vol. IX. The isolation and structural 
elucidation of new alkaloids are presented in detail. Particularly helpful 
;ire two tables that summarize the isolation of new and previously known 
Aspidosperma alkaloids, giving their plant sources, physical data, and 
references. Cordell devotes a section to the chemistry of' these alkaloids 
and then discusses the syntheses developed by various authors. The use 
of' '"CMR and X-ray crystallography for structural determination is 
covered, including a table of I3CMR chemical shifts for selected Aspi- 
dosperma alkaloids. The chapter format facilitates access to selected 
information, which should make this review a favorite for those interested 
in Aspidosperma alkaloids. 


The Papaveraceae alkaloids are reviewed in Chapter 4 by F. Santavy, 
who reviewed this group in Vol. XII. Alkaloids in this family are grouped 
by structure for the discussion of their structures, syntheses, biosyntheses, 
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ratio of the corresponding b values. These ratios are 7.7 and 
4.4 for the cascade barrier bed and USP methods, respec- 
tively. If a uniform size distribution for each powder 
fraction is assumed, the finer powder should have ap- 
proximately four times the specific surface area of the 
coarse powder. Thus, the initial dissolution rate per unit 
surface area of the fine powder is nearly twice that of the 
coarse powder for the cascade barrier bed method and is 
comparable to the coarse powder for the USP method. 
These observations conform to expectations based on 
apparatus design and fluid mechanical theory. 


Figure 2 shows the cascade barrier bed dissolution be- 
havior of a.mixture of 5 mg each of the fine and coarse 
sulfadiazine powders. For comparison, results of separate 
cascade barrier bed runs of 5 mg of the individual powder 
grades were added and the sum was plotted. The two plots 
closely correspond and indicate independent dissolution 
behavior of the two powder fractions within the bed. 


These findings do not indicate the superiority of one in 
uitro dissolution apparatus over another. Instead, they 


BOOKS 


suggest that, where particle-size effects prevent useful 
correlations with in uiuo drug levels, parallel use of two 
such contrasting methods is necessary. 
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Analytical Profiles of Drug Substances, Volume 7. Edited by KLAUS 
FLOREY. Academic, I l l  Fifth Ave., New York, NY 10003. 1978. ix 
+ 504 pp. 15 X 23 cm. 
Volume 7 of this series includes individual drug monographs dealing 


with supplementary information that is not listed in the official com- 
pendia. The entire series of volumes was undertaken as a cooperative 
venture by the Pharmaceutical Analysis and Control Section, Academy 
of Pharmaceutical Sciences. The profiles of drug substances in each 
volume are submitted by contributors and checked by selected reviewers. 
A typical profile includes such topics as a description of the compound 
(name, formula, molecular weight, color, odor, and salts), physical 
properties (IR, NMR, UV, and mass spectra, melting or boiling point, 
solubility, partition coefficient, and dissociation constant), syntheses, 
stability, analysis methods, and metabolism and pharmacokinetic 
data. 


The monographs include up-to-date references, and many contributors 
state that their references are complete through a certain year, a worth- 
while piece of information for the reader. Among the drugs covered in 
Volume 7 are allopurinol, amoxicillin, chlorpheniramine maleate, dihy- 
droergotoxine methanesulfonate, diphenoxylate hydrochloride, dro- 
peridol, epinephrine, ethambutol hydrochloride, fluoxymesterone, 
hexetidine, hydroflumethiazide, hydroxyzine dihydrochloride, 6-mer- 
captopurine, phenobarbital, sulfamethazine, thiostrepton, trimethoprim, 
and tuhocurarine chloride. 


The entire series should be included in school of pharmacy library 
reading rooms and in university science libraries. They contain important 
drug data that have not been available previously in one single reference 
source. The series is not meant to be used as a textbook but can be em- 
ployed effectively as reference material for any pharmaceutical or me- 
dicinal chemistry course. 


Reoiewed by James T. Stewart 
School of Pharmacy 
University of Georgia 
Athens, G A  30602 
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Abstract Two numerical examples are presented to illustrate the 
application of the proposed method of parameter estimation in phar- 
macokinetics. Results for a system exemplifying first-order kinetics in- 
dicate that parameters estimated by the proposed procedure compare 
favorably with those estimated by a nonlinear regression method. In a 
simulated example characterized hy Michaelis-Menten elimination ki- 
netics, the accuracy of the estimated parameters was comparable to that 
expected, verifying the validity of the method. The importance of the 
numerical approximation algorithms was demonstrated also. 
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A general approach suitable for parameter estimation 
was reported previously (1). The strategy is to obtain 
equivalent mathematical expressions in linear form. 
Briefly, the procedure involves data transformation, 
usually by numerical integration and/or differentiation, 
followed by multiple linear regression. The application of 
this technique in pharmacokinetics is illustrated in the 
present report. 


ESTIMATION PROCEDURE 


Linear Case-Many pharmacokinetic processes are linear, and their 
description can be approximated by multiexponential equations. In a 
two-compartment open model (2,3),  the observed drug concentration 
in the central compartment, C , ,  after intravenous administration can he 
descrihed by: 


(Eq. 1) 


where a,  b, N ,  and /3 are unknown constants and n is the number of ob- 
servationsl. If the elimination is assumed to take place from the central 
compartment only, as depicted in Scheme I, the relationships between 
the four constants and the model parameters become: 


C ,  = a exp(--nt,) + b exp(-Pt,) i = 1,2,. . . , n 


N = 0.5[ (k12 + k21 + klo) + ~ ' ( k l 2  + k 2 I  + &lo) - 4k2lkl"l 


P = 0.5[(k12 + k21 + k l d  - d ( k i 2  + ki i  + kio) - 4kz1k10I 


(Eq. 2) 


(Eq. 3) 


a = D(cw - k p l ) / V ( a  - 0) (Eq. 4) 


1 For simplicity, subscript i is omitted and implied in most of the equations. 
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Scheme /- / , inear trw-compartmrnt open model depicting thc body 
as composed of the central compartment R (including blood) and the 
peripheral compartment T, where k l 2  and k l l  are first -order inter- 
compartmental transfrr rate constants, klo  is thr  first-order rlimination 
rate constant, and U is the eliminating compartmcnt. The drug dose 
D is introduced into.thr central compartment a t  zero time. The  drug 
concrntration in thr  central compartmcnt i s  defined as C = HN, Lchere 


V in the o o h m e  of distribution of the central compartmmt .  


b = D(k21 - P)/VCN - 8) 
V = D / ( a  + b )  


(Eq. 5) 


(Eq. 6) 


Ry applying the procedure described earlier ( I )  and recognizing that 
concentration at  time zero is not an observation for a given experiment, 
the biexponential equation can be transformed into the following linear 
expression, which contains four terms: 


4 


I =  1  
C =  A , X ,  (Eq. 7) 


where: 


X q  = s" X:3 dt  
I 


(Eq. 15) 


In deriving Eqs. 8 and 9, the following identities apply: 
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Scheme II-Nonlinear disposition model obtained by modification of 
Scheme I. Conditions are identical for the two schemes except that the 
elimination is characterized by saturable Michaelis-Menten-type 


kinetics. 


Equation 7 also can be independently derived from the following rate and 
mass-balance equations: 


C = -(kiz + kio)C + (KzI/V)T (Eq. 18a) 


cr = kmVC (Eq. 186) 


D = VC + T + U (Eq. 18c) 


From Eqs. 8-11, where A1 and A:! are simplified to: 


A1 = a exp(-atJ + b exp(-Ptl) 


Az = a P  exp(-cutl) + b u  exp(-Ptl) 


(Eq. 19) 


(Eq. 20) 


the four parameters can be calculated: 


LY = 0.5[-A3 + (A: + 4A4)"*] (Eq. 21) 


(Eq. 22) p = 0.5(-A3 - (A: + 4A4)1'z] 


While four parameters are associated with the biexponential equation, 
only a and pa re  nonlinearly related. The other two constants, a and b, 
are linearly related and can be estimated by linear regression. Thus, the 
procedure is slightly modified so that regression Eq. 7 is used to obtain 
the two nonlinear parameters only. Once they are calculated from Eqs. 
21 and 22, they are then substituted into Eq. 1 to obtain a and b by a 
second linear regression. 


Nonlinear Case-A nonlinear pharmacokinetic model obtained by 
a simple modification of the previous one is shown in Scheme 11. In this 
model, drug elimination from the central compartment is assumed to 
follow Michaelis-Menten kinetics. The rate and mass-balance equations 
are: 


C -k1zC + (kz i /V)T  - (V,/V)C/(K, + C )  (Eq. 250) 


U = V,C/(K, + C) (Eq. 256) 


D = VC + T + U (Eq. 25c) 


where V, is the maximum rate and K, is the Michaelis constant. 
Although closed-form solutions explicit in t to this nonlinear model 


cannot be obtained, numerical solutions can be generated by using 
Runge-Kutta approximations. 


The regression equation describing the time course of the drug con- 
centration in the central compartment is: 


4 


j =  I 
C =  AjXj  (Eq. 26) 


where: 


(Eq. 29) 


(Eq. 30) 


(Eq. 31) 


(Eq. 32) 


(Eq. 33) 


The main difference between the two models is the presence of non- 
linear parameter K,. As descrihed earlier ( l ) ,  the best-fit K, can be 
found by scanning the weighted sum of squared deviations, WSS,  as a 
function of K,. The minimum WSS is then located by iteration. The 
search should be confined to a range of values where K, is numerically 
comparable to the observed C values. Otherwise, the system reduces to 
a linear model with either first-order (K, >> C )  or zero-order (K, << C )  
elimination. 


Numerical Integration-To perform the regression analysis, nu- 
merical methods such as numerical integration and numerical differen- 
tiation are required to generate the necessary X, values. Many numerical 
integrating algorithms, including the well-known trapezoidal rule, can 
be found in the literature (5). In a recent publication, algorithms based 
on Lagrange and spline functions were shown to be relatively free of 
systematic errors (6). 


A slightly modified spline method is employed in the present work to 
minimize spurious oscillations near both ends of the curve. h t h e  original 
procedure (6), the two end conditions are defined as Y2 = Y B  and vn-l 


= Y,. In the modified version, the first condition is amended so that Y1 
= ? i f  Y1 = 0, with the constraint Y1 1 0. The second condition is changed 
to Y ,  = 0; in the event that  Y ,  = 0, an additional constraint of Y ,  = 0 is 
also imposed. These two conditions, except for the constraints, were 
suggested previously (7) .  The modified procedure is especially useful if 
input data contain two or more consecutive zero Y values. 


Numerical Differentiation-Numerical differentiation is required 
to generate the X Z  values in Eq. 32. In contrast to numerical integration, 
which tends to dampen noise, numerical differentiation tends to magnify 
the effect of input errors. If experimental data are of high precision, in- 
terpolating polynomials such as spline functions (6,7) can be used. With 
noisy data, a possible solution is to use smoothing least-squares polyno- 
mials. The procedure is described here. 


T o  obtain derivatives a t  each data point ( t t ,  C l ) ,  the nearest five con- 
tiguous points are taken and fitted with a cubic polynomial, using an 
appropriate weighting scheme: 


C = 0, + b,t + c , t 2  + d,ts (Eq. 35) 


The four coefficients are solved by the standard linear regression tech- 
nique. Once they are obtained, the derivative of Eq. 35 is evaluated a t  
t ,  : 


C, = b, + 2c,t, + 3d,tf (Eq. 36) 


This procedure is repeated successively for each i, i = 3 , 4 , .  . . , n - 2. For 
1 = 1 or 2, the derivative is calculated from the cuhic polynomial fitted 
to the first five points. For I = n - 1, it is calculated from the cubic 
polynomial fitted to the last five points. For i = n ,  it is calculated from 
the following equation, assuming monoexponential decay of C between 
t,-1 and t,: 


C, = C n  In ( C n / C n - l ) / ( t n  - t n - 1 )  (Eq. 37) 


Derivatives obtained in this procedure are less sensitive to the variation 
in the data than those obtained by the spline method. However, since a 
cubic polynomial allows one inflection point and two extrema, approxi- 
mations are usually less accurate if experimental errors are high. 


T o  improve the reliability, a second set of derivatives is calculated by 
repeating the entire procedure, using parabolic polynomials as the fitting 
function. The corresponding fitting polynomials and derivatives are: 


C = a, + b,t + c,L2 (Eq. 38) 


C, = b, + 2c,t, (Eq. 39) 


The Xz values as shown in Eq. 32 are obtained by taking the average of 
the two derivatives calculated from the ahove two series. This procedure 
is called the LEASQ method. 


Weighting Scheme-Since there are diversified analytical techniques 
for obtaining pharmacokinetic data, experimental observations may not 
be homogeneous in variance at all times. These variances should be 
considered when devising a weighting scheme. In general, data are 
weighted in proportion to the inverse of their variances. Excellent dis- 
cussions of data weighting can be found elsewhere (8). 


Accuracy of Parameters-By analogy to a technique commonly used 
in nonlinear regression, the uncertainty asscciated with each estimated 
parameter can be evaluated as follows. If D is a square matrix of the 
weighted sum of cross-products of the approximate partial derivatives, 
then the approximate standard error, ASE, of parameter 8, is: 


ASE(8,)  = dd,, WSS/df (Eq. 40) 
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Table I-Comparison of the Present Results and Those Obtained by the Nonlinear Regression Program COMPT a 
~~ 


Parameter 


~ 


Ref. 10 
Present Resultsb 


Spline Lagrange Trapezoidal 


0.160 
0.345 
0.570 
0.844 
0.235 
7.59 
4.35 


53.94 
11.96 
- 
- 
- 
- 
0.0245 


0.136 
0.247 
0.545 
0.747 (0.115) 
0.180 (0.020) 
7.83 
4.27 


56.32 (16.91) 
7.52 ii4.24j 


56.31 
14.34 


-0.927 
-0.134 


0.0230 


0.145 
0.245 
0.551 
0.764 (0.111) 
0.177 (0.019) 
7.74 
4.27 


57.08 (15.00) 
7.51 (12.65) 


56.61 
14.32 


-0.940 
-0.135 


0.0242 


0.172 
0.454 
0.579 
0.920 (0.220) 
0.286 (0.013) 
7.62 
4.41 


48.23 (21.12) 
17.41 (17.85) 
57.05 
28.23 


-1.206 
-0.263 


0.0283 
~~ ~ ~ 


Dose = 500 mg. * ASE values are given in parentheses. 


Table 11-Tabulation of Time-Dependent Variables, where X3 and X4 Values Were Generated by the Spline Method, for the 
Spectinomycin Data 


1 0.1667 
2 0.3333 
3 0.5 
4 1.0 
5 2.0 
6 4.0 
7 6.0 
8 8.0 


63.3 
50.6 
43.3 
31.0 
18.3 
6.9 
3.05 
1.95 


1.0 
1.0 
1 .o 
1 .o 
1.0 
1.0 
1.0 
1.0 


0 
0.1666 
0.3333 
0.8333 
1.8333 
3.8333 
5.8333 
7.8333 


0 
9.3864 


17.1643 
35.3746 


0 
0.7972 
3.0314 


16.4102 
59.3086 64.8208 
82.5641 210.5057 
91.6509 385.9920 
96.5691 574.4830 


Table Ill-Summary of the Estimated Parameters for  the Nonlinear Model, Using Derivatives Obtained by the Spline Method or by 
the LEASQ Method * 


Error-Free Datab Corrupted Datab 
True 


Parameter Value Spline LEASQ Spline LEASQ Expected 


K,, pg/ml 4.0 4.095 (0.039) 2.192 (0.532) 3.786 (4.430) 2.277 (2.204) 4.0 (4.293) 
V,, mg/hr 40.0 40.592 (0.234) 29.491 (3.672) 38.499 (26.849) 28.774 (14.652) 40.0 (25.742) 
V, liters 10.0 10.003 (0.004) 10.128 (0.118) 8.658 (0.558) 9.459 (0.448) 10.0 (0.453) 
k 12, hr-' 1 .o 0.998 (0.001) 0.966 (0.023) 1.432 (0.214) 1.086 (0.104) 1.0 (0.105) 


0.5 (0.1 25) k21, hr-l 0.5 0.502 (0.001) 0.422 (0.027) 0.557 (0.155) 0.409 (0.096) wss - 1.73 X 1.56 x 10-3 5.57 x 10-2 3.01 X 2.41 X lo-' 


a Dose = 200 mg. ASE values are given in parentheses. 


where d,, is the j th  diagonal element of the inverse matrix E-l and 
is the degree of freedom. By definition, the elements of the matrix D 
are: 


n aC, aC, 
aej ael a,[= W,*-*- j,Z = 1,2, .  . . , p  (Eq. 41) 


where Wi is the weight of Ci, and p is the number of parameters. If A is 
small compared to O j ,  the partial derivatives can be approximated by: 


Table IV-Comparison of Xz Values (Micrograms per  Milliliter 
per Hour) Calculated by the Spline or  the LEASQ Method from 
Simulated Data Containing 10% Random Noise 


t ,h r  Theoretical Spline LEASQ 


0.1 -20.1748 
0.2 -17.4505 
0.5 - 1 1.324 1 
1 .o -5.5902 
1.5 -2.8722 
2.0 -1.6013 
3.0 -0.7330 
4.0 -0.5188 
6.0 -0.3718 
8.0 -0.2695 


10.0 -0.1875 
12.0 -0.1265 
14.0 -0.0838 
16.0 -0.0549 


-30.6219 
-24.6711 
-10.1656 
-4.3048 
-4.1152 
-0.5344 
-1.4030 
-0.5738 
-0.2766 
-0.2699 
-0.1438 
-0.1449 
-0.0717 
-0.0496 


-22.7207 
- 19.2046 
-10.8613 
-5.9614 
-3.2711 
-1.9930 
-1.1104 
-0.6446 
-0.3547 
-0.2428 
-0.1715 
-0.1334 
-0.0887 
-0.0496 


ac, c,(el,. . . , e, t A,. . . ,e,) - ci(el,.  . . , e, - A , .  . . , e,) -= 
86, 2A 


(Eq. 42) 


Equation 42, when applied to multiexponential functions of the form: 


can be simplified to yield: 


(Eq. 43) 


(Eq. 44) 


EXPERIMENTAL 


Computation-A computer program, written in FORTRAN, was 
devoloped to make the necessary computations2. Briefly, the program 
contains several general subroutines to perform the following tasks: re- 
ceive input, compute weights, numerically integrate and differentiate 
by the described procedures, compile matrix elements, compute deter- 
minant, obtain inverse matrix, calculate regression coefficients, solve a 
system of simultaneous linear equations, locate the minimum by qua- 


* Detailed description of the program will be documented elsewhere 
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Table V-Effect of K,,, on WSSand Othe r  Model Parameters  Using Corrupted Data Set and  Xz Values Calculated by the LEASQ 
Method 


K,, u d m l  K12, hr-l K ~ I .  hr-' V, . m e h r  V. liters wss 
1 .o 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 


1.221 
1.172 
1.119 
1.056 
0.969 
0.834 
0.583 


-0.062 


0.248 
0.310 
0.371 
0.442 
0.537 
0.681 
0.945 
1.604 


31.72 
30.83 
29.70 
27.83 
25.03 
21.24 
16.44 - 


4.982 
6.476 
8.233 


10.663 
14.553 
21.836 
38.533 - 


2.046 
0.597 
0.094 
0.070 
0.474 
1.443 
3.332 
- 


dratic approximation, and compute ASE values associated with mul- 
tiexponential equations. In addition, specific subroutines were developed 
to generate numerical solutions to Eqs. 25a-25c and to compute the as- 
sociated ASE values. The value of A was arbitrarily taken to be 


Linear Case-A set of spectinomycin serum data, originally published 
by Wagner et al. (9), was used to demonstrate the estimation procedure 
and to compare the results with those reported in the literature. The same 
data were cited by Pfeffer (10) to illustrate the nonlinear regression 
program COMPT, assuming the model depicted in Scheme I. 


To make the results comparable, the data were weighted by 1/C2 as 
in COMPT. The two-step regression procedure was repeated three times 
to test the effect of the numerical integrating algorithms (6) on the esti- 
mated parameter values. 


In the first run, X S  values were calculated by the log trapezoidal 
method and X 4  values were calculated by the linear trapezoidal method. 
In the second run, both were calculated by the Lagrange method. In the 
third run, both were calculated by the modified spline method. 


Nonlinear Case-Two simulated data sets, one error free and the 
other corrupted with 10% random noise, were generated by the fourth- 
order Runge-Kutta technique to illustrate the iterative nonlinear esti- 
mation procedure. Two numerical differentiation algorithms, the spline 
method and the LEASQ method with weights defined in Eq. 46, were 
employed to generate the X p  values so that the effect of data smoothing 
on parameter estimation could be examined. In all cases, the spline 
method was employed to generate X4 values and data were weighted 
according to Eq. 46, where the sum of weights was equal to the number 
of data points (11): 


o.ooie,. 


W, = (n/Cf)/  5 (l/cf) (Eq. 46) 


The WSS was first scanned as a function of K, in the range of 1-10 
pg/ml, with the constraint that  all model parameters must be positive. 
The more precise location of the best-fit K, was then refined by iteration. 
Convergence was assumed if, in two consecutive iterations, the change 
in K ,  was less than 0.01% by quadratic approximation. A t  each iteration, 
the four linear parameters were calculated from the regression coefficients 
as follows: 


I =  1 


k21 = -&/A3 (Eq. 47) 


k12 = -k21-  1/A2 (Eq. 48) 


V = A2D/(A, J " A d t  - AJkp , )  (Eq. 49) o K , + C  
V m  = VfAd-42)  (Eq. 50) 


where V was further adjusted to yield the lowest WSS value. 


RESULTS AND DISCUSSION 


Linear Case-Table I list,.. the results, including the four intermediate 
regression coefficients defined in Eqs. 8-11, of pharmacokinetic analysis 
for the spectinomycin data. The effect of numerical algorithm is obvious. 
While the estimated parameters and the corresponding ASE values are 
generalty comparable by all three methods, a comparison of the WSS 
values suggests that  the spline method gave the best fit, followed by the 
Lagrange method, and then by the trapezoidal method. These differences 
are related to the algorithm errors associated with the numerical inte- 
gration procedures used. Listed in Table I1 are the X B  and X4 values and 
other time-dependent variables. Plotted in Fig. 1 are the interpolating 
spline functions for C and X3.  Evidently, no spurious oscillations occurred 
with this sample (6). 


For comparison, results of nonlinear regression analysis on the same 
data used by Pfeffer (10) are listed in the second column of Table 1. With 
the exception of V, parameter values by COMPT were intermediate 


between those of the trapezoidal method and those of the Lagrange 
method. On the basis of WSS values. the present method is either com- 
parable to, or slightly better than, the nonlinear regression process, de- 
pending on the numerical integrating algorithm employed. The two-step 
regression procedure improved the fitting by reducing the effect of al- 
gorithm errors, as evidenced by comparing the present results with those 
reported earlier (12), and is applicable to other multiexponential equa- 
tions. In some cases, either the trapezoidal or the Lagrange procedure 
may yield lower WSS values. 


Nonlinear Case-Shown in Table 111 are the parameter values used 
in generating simulated data and the results of analysis in accordance 
with the nonlinear model. When employing collocative splines as the 
numerical differentiation tool, it is apparent that nearly perfect solutions 
were obtained with error-free data as the input. In contrast, solutions 
based on the LEASQ numerical differentiation algorithms were relatively 
poor, suggesting imprudence in trying to improve upon perfection. 


Results for data corrupted with random noise are shown in columns 
4 and 5 of Table 111. On the basis of WSS values, the LEASQ algorithm 
appears to have yielded better solutions. This result is related to the basic 
differences between the two approximating procedures, the LEASQ 
method being more accurate in generating derivatives from data con- 
taining noise. Comparisons of the calculated X 2  values are given in Table 
IV. 


The effect of K, on WSS is exemplified in Table V. Corresponding 
values for other model parameters are also listed. As can be seen, in- 
creasing K, caused the formation of a minimum in WSS. A further in- 
crease in K ,  resulted in the formation of meaningless solutions. 


With noisy data (Table HI), neither algorithm produced solutions that 
were consistently closer to the expected true values. The uncertainty of 
the estimated parameters can be examined by comparing the ASE values 
with those predicted from the expected parameter values (13). The 
proximity of the actual to the predicted errors is a measure of the reli- 


1007 


T, hr 


Figure 1-Spline function interpolation of C to) and X3 (@) for 
spectinomycin data. 
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Table V1-Comparison of the Predicted and Inpu t  Data 


t ,  hr Inputo 
Predicted by 


Splineb LEASQ 
Theoretical 
(Expected) 


0.1 18.68 19.7470 (-4.26) 18.7512 (-0.28) 
0.2 15.92 16.9891 (-5.01) 16.6838 (-3.58) 
0.6 10.82 11.3095 (-3.37) 12.0142 (-8.23) 
1.0 8.38 6.8147 (13.92) 7.5799 (7.12) 
1.5 5.57 5.0242 (7.30) 5.3858 (2.47) 
2.0 4.83 4.2152 (9.49) 4.2544 (8.89) 
3.0 3.51 3.4274 (1.75) 3.2208 (6.14) 
4.0 2.59 2.8980 (-8.86) 2.6901 (-2.88) 
6.0 1.92 2.0464 (-4.91) 1.9381 (-0.70) 
8.0 1.29 1.4026 (-6.51) 1.3608 (-4.09) 


10.0 0.92 0.9385 (-1.50) 0.9294 (-0.76) 
12.0 0.63 0.6176 (1.47) 0.6228 (0.85) 
14.0 0.39 0.4020 (-2.30) 0.4128 (-4.36) 
16.0 0.27 0.2600 (2.77) 0.2721 (-0.59) 


Simulated plasma levels containing 10% random noise. * Weighted residuals are given in parentheses (XI@). 


17.8285 (3.40) 
15.9506 (-0.14) 
11.7020 (-6.08) 
7.6489 (6.50) 
5.6179 (-0.64) 
4.5397 (4.48) 
3.4777 (0.69) 
2.8726 (-8.13) 
1.9997 (-3.10) 
1.3617 (-4.15) 
0.9083 (0.95) 
0.5977 (3.83) 
0.3900 (-0.01) 
0.2533 (4.60) 


ability of the estimated parameters and of the efficiency of the estimation 
procedure. As can be seen in Table 111, the errors associated with either 
the spline or the LEASQ results are in the same range as the expected 
error. Compared to the errors of the LEASQ solutions, the expected ASE 
values were greater hut the expected WSS was smaller. The first obser- 
vation suggests that the true parameters probably are irretrievable from 
corrupted input data. The second observation indicates that further 
improvement of the parameter estimates can be made by applying su- 
perior numerical algorithms. This conclusion is manifested in Table VI 
where the predicted and the observed (input) data are compared. 


Conclusions-Two numerical examples have been described to il- 
lustrate the proposed method in the estimation of pharmacokinetic pa- 
rameters. For a given model and weighting scheme, the reliability of the 
estimates is dependent on data accuracy as well as on the numerical al- 
gorithms employed. Obviously, when experimental errors are large, 
meaningful estimates are difficult, irrespective of algorithmic sophisti- 
cation. 
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Abstract 0 Two lots of trihexyphenidyl hydrochloride raw material, one 
lot of elixir, and I0 lots of tablets were examined for impurities by TLC. 
Impurities found were l-phenyl-2-propenone, 3-piperidinopropiophe- 
none, and 3-aminopropiophenone. Not all impurities were present in all 
lots, and none exceeded 1.9% of the label drug claim. Impurities were 
identified by mass spectrometry and by comparison of TLC R, values 
and G I L  retention times to those of synthesized specimens of the im- 
purities. 


Keyphrases 0 Trihexyphenidyl-analysis, TLC, impurities in tablets 
and elixir 0 Trihexyphenidyl, derivatives-l-phenyl-2-propenone, 3- 
piperidinopropiophenone, 3-aminopropiophenone, TLC analysis, im- 
purities in tablets and elixir 0 Drug impurities-trihexyphenidyl, tahlets 
and elixir, TLC analysis 


Impurities in drug raw materials and formulations may 
be intermediates or by-products of the synthetic process, 
products of degradation or drug-excipient interaction, or 
the result of contamination. The nature of impurities may 
depend on the synthetic route, the reagent purity, aild the 


excipient quality. To obtain a good perspective of potential 
impurities, raw materials and formulations from as many 
sources as possible should be examined (1-4). This paper 
describes the impurities found in trihexyphenidyl (I) raw 
material and tablet and elixir products. 


Trihexyphenidyl was synthesized first (5) by the addi- 
tion of cyclohexylmagnesium bromide to 3-piperidin- 
opropiophenone (111, obtained by the Mannich reaction 
with acetophenone (III), formaldehyde, and piperidine 
hydrochloride in acidic medium. Trihexyphenidyl hy- 
drochloride raw material and tablets are official in the USP 
(6) and BP as benzhexol(7). An elixir is official in the USP 
only. The only impurity specification is that in the BP for 
3-piperidinopropiophenone in drug raw material. 


EXPERIMENTAL 


Materials-All drugs and formulations were obtained from the 
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Abstract 0 The spectrophotometric and fluorometric properties of the 
aminophenols and of several-compounds related to p-aminophenol were 
examined. A direct spectrofluorometric method for p-aminophenol de- 
termination at  trace levels in methanol was developed and evaluated for 
the effect of inner filtering by acetaminophen. The method was applied 
to the determination of p-aminophenol as an impurity in acetaminophen 
and acetaminophen-containing tablets. 


Keyphrases 0 p-Aminophenol-analysis, spectrofluorometry, as im- 
purity in acetaminophen tablets 0 Acetaminophen-tablets, spectro- 
fluorometric analysis of p-aminophenol as impurity 0 Spectrofluo- 
rometry-analysis, p-aminophenol as impurity in acetaminophen tab- 
lets 


Most methods for determining p-aminophenol (I) as an 
impurity in acetaminophen (11) involve spectrophoto- 
metric measurement of a chromophore developed via re- 
action with an appropriate reagent, either before or after 
chromatographic separation from I1 (1-10). In many of 
these methods, the chromophore has not been identified 
(4-10). Other methods involve nonaqueous titrations with 
perchloric acid (11) or polarographic analysis (12,13). 


To date, only an indirect fluorometric procedure for the 
determination of I in the presence of I1 has been reported 
(14). The fluorometric method involves a lengthy prior 
derivatization with benzylamine in alkaline solution. The 
fluorophore has not been identified. 


This paper introduces a direct spectrofluorometric 
method for the determination of I either alone or as an 
impurity in I1 or tablets containing 11. Due to overlapping 
UV absorption bands of these compounds, a critical eval- 
uation of the inner filter effect was necessary. The effect 
of other aminophenols on the determination of I is less 
critical, but the possibility of positive interference in 
mixtures exists. 


EXPERIMENTAL‘ 


Solvents-Since most “spectro” quality solvents are not of suitable 


Absorption spectra were taken on a Beckman DK-2A 8 ectrophotometer. All 
I‘luorescence spectra were taken on a Perkin-Elmer MPP”-PA spectrofluorom- 
eter. 


purity, all fluorescence work was done with purified alcohols, except 
where indicated. Purified alcohols were easily prepared from analytical 
reagent grade anhydrous alcohols by percolating each through a column 
packed with 30-40 cm of 40-80-mesh activated coconut charcoalz. The 
first portion (-50 ml) of the eluate from each column was highly con- 
taminated with fluorescent impurities and was discarded. After the initial 
50 ml, each column produced 5-10 liters of purified solvent before the 
packing was replaced. 


n-Propanol did not purify as well as ethanol or methanol. Spectro- 
quality chloroform always was used except where the chloroform fluo- 
rescence blank exceeded 3 in 100 units of full scale. To prepare fluorescent 
grade solvent from spectro or analytical reagent grade reagent, the 
chloroform was first vigorously extracted with a small volume (-101 v/v) 
of 0.45 M NaOH. The chloroform was recovered, washed twice with small 
volumes (-101 v/v) of water, and filtered through chloroform-wet filter 
paper. The resulting chloroform was suitable for spectrophotometry or 
spectrofluorometry. 


Solutions of I-Crystals of I3 decompose on standing and were 
available as black granules. Compound I was easily sublimed to  gray 
crystals under -4 torr at MOO; a second sublimation under similar con- 
ditions yielded white crystals with a 186-188’ melting-point range (15). 
Alcohol or chloroform solutions, 0.01-0.001 M, were prepared fresh daily 
prior to use. 


o-Aminophenol-The o -aminopheno13 deteriorated to black granules. 
on standing. It was easily sublimed to pale-red crystals under -4 torr a t  
-150’; a second sublimation under similar conditions yielded pale-yellow 
needles with a 170-174’ melting-point range (16). Standard solutions 
were prepared fresh daily prior to use. 


m-Aminophenol-The m-aminopheno14 was used without further 
purification. Although the m-aminophenol is somewhat more stable in 
alcoholic solution than the other aminophenols, standard solutions had 
to be prepared fresh daily. 


Acetaminophen6, Phenacetid, Aniline’, Acetanilid”, and Phe- 
nolB-These chemicals were used to prepare solutions without further 
purification. 


Working Standards for Solvent Studies-All standard solutions 
of drugs (and related compounds) were prepared by dissolving an ap- 
propriate amount of the drug in the desired solvent and volumetrically 
diluting to the correct molarity. Compound I was sparingly soluble in 
chloroform. Standards of I in chloroform were prepared by volumetric 
dilutions of a concentrated methanolic I standard to the correct molarity 


2 Fisher 50-200 mesh. 


4 NF sample courtesy of Parke, Davis. 
5 NF sample courtesy of Wyeth Laboratories. 
6 American Pharmaceutical Co. USP grade. 
7 Mallinckrodt ractical grade. 
8 Matheson, Coyeman and Bell practical grade. 
9 Baker Chemical Co. practical grade. 


Eastman practical grade. 
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Table I-Absorption and Emission Characterist ics of 
Pharmaceuticals in Methanol 


Table  11-Absorption and Emission Characterist ics of I in  
Various Solvents 


ComDound h a .  nm Cm.. X ~ . n m  Fa Solvent X A ,  nm Cmmv F 
Fluorescent Compounds 


300 3.7 x 103 365 100 
p -Aminophenol 235 7.9 x 103 


rn -Aminophenol 233 5.9 x 103 


o-Aminophenol 233 6.2 x 103 


Aniline 234 9.8 x 103 


285 2.1 x 103 330 29 


287 3.1 x 103 330 27 


285 1.3 x 103 335 50 


273 1.7 x 103 297 
Phenol 230 - 


3t? Compounds Whose Fluorescence Could Not Be Characterized 
Acetanilid 228 1.3 x 1 0 4  - - 
Acetaminophen 248 1.6 x 1 0 4  - - 
Phenacetin 250 1.5 x 104 - - 


~~ 


a Based on a reading of 100 for p-aminophenol as an arbitrary standard. In 
methanol. no characteristic fluorescence bands were observable. 


with chloroform (the final solution was always less than 1% methanol). 
All synthetic samples were homogenized in a micro mill1o. 


Determination of I i n  11-A 300-mg sample of I1 was accurately 
weighed, transferred to a 100-ml volumetric flask, and diluted to volume 
with methanol. A 1:100 dilution with methanol produced a solution that 
was retained for UV measurement of 11. 


The solution was inserted into the spectrofluorometer and excited a t  
300 nm (10-nm slit width); emission was measured a t  365 nm (20-nm slit 
width). T o  minimize error from inner filtering, standards of pure (con- 
taining less than the detection limit of the method) I in the 0-12 X lo-’ 
M range in methanol containing 3.0 mg of pure II/l00 ml were prepared. 
To zero the instrument, a blank containing 3.0 mg of pure II/100 ml of 
methanol was used. A calibration plot of emission a t  365 nm uersus 
concentration of pure I (typically 0-12 x 


Determination of I in Tablets of 11-For a “lot” analysis, 10 tablets 
of I1 (or the entirecontents of r0 capsules of 11) were weighed accuhtely 
and ground in a mortar to homogeneity. A portion of the homogeneous 
powder containing 300 f 3 mg of I1 was weighed and transferred to a 
100-ml volumetric flask, and -75 ml of methanol was added. The solution 
was agitated gently for 10 min and diluted to volume with methanol. The 
solution was filtered through medium-speed filter paper, diluted 1:lOO 
with methanol, and retained for fluorometric determination of I as al- 
ready described. An additional 1:lO dilution of the latter solution was 
retained for UV measurement of 11. 


The UV absorbance of the solution prepared for this purpose was 
measured a t  248 nm, and a scan of the UV spectrum from 350 to 230 nm 
of a representative sample for each brand of tablets or capsules was ex- 
amined. If the UV scan showed additional peaks in the 300-nm region 
(from other drugs or additives), the sample was analyzed by another 
method. If the absorbance of the 1:lO dilution at 248 nm did not fall 
within f0.05 unit (preferably within f0.03 unit) of that of a 1:lOdilution 
o f  a 6 X M standard containing 3.0 mg of II/l00 ml, the fluorescence 
solution concentration waa adjusted by redilution of the original sample 
so that i ts  absorbance was  within the desired range after a 1:lO dilution. 
Then the fluorescence emission was measured again as described. 


M )  was prepared. 


RESULTS AND DISCUSSION 


All aminophenols and compounds related to I contain a benzene ring; 
therefore, these compounds were expected to absorb intensely in the UV 
region (Table I). Qualitatively, the order of the molar absorptivities 
was: p-aminophenol > o-aminophenol > rn-aminophenol > phenol > 
aniline. 


Because the fluorescence emission process is dependent on the ability 
of the molecule to absorb radiant energy, it might be expected that the 
fluorescence emission intensity in this group of compounds would exhibit 
an order similar to that of the molar absorptivities. On the uncorrected 
spectrofluorometer, this did not appear to be the case. On that instru- 
ment, M solutions of these compounds in methanol yielded the 
following order for fluorescence emission intensity: p-aminophenol > 
aniline > phenol z m-aminophenol z o-aminophenol. 


With the assumption of a constant intensity of the xenon arc source 
over the small excitation wavelength range (17) and a linear photomul- 


10 Obtainable through Chemical Rubber Co., Cleveland, Ohio. 


Water 226 5.8 X 103 
296 1.6 x 103 40 


Methanol 232 7.3 x 103 
48 300 


Ethanol 301 2.5 x 103 54 
n-Propanol 299 2.3 X 103 47 


None Chloroform 303 


2.3 X 103 


2.3 X 103 
~ ~~~ 


a Fluorescence at 375-nm emisaion maximum. 


tiplier response over the narrow emission range (18), the actual fluores- 
cence intensity for these compounds was approximated more closely by 
the ratio (19) of the relative fluorescence divided by emax. Relative fluo- 
rescence was the emission reading for M solutions. Reevaluation 
of the fluorescence emission sequence in terms of this ratio gave the fol- 
lowing sequence: aniline > p-aminophenol > phenol z rn-aminophenol 
1 o-aminophenol. 


The direct determination of any one of the fluorescent compounds in 
Table I would, therefore, be subject to positive interference by the 
presence of any of the remaining fluorescent compounds listed. The 
presence of large amounts of any of the last three compounds listed in 
Table I would cause a negative interference due to inner filtering. No error 
due to the possible fluorescence of the last three compounds was observed 
in pure methanol. 


Child et al. (20) reported that I1 fluoresced a t  400 nm in l%ethanol- 
water but a t  about twice the maximum concentration used in the present 
study (30 pgfml) and at 40 nm away from the 360-nm measurement using 
much higher signal amplification. This apparent fluorescence was not 
a source of error. Nang and Pitet (21) also reported fluorescence of 3 X 


M I1 a t  430 nm in an acidic 100% aqueous solvent, but their con- 
centrations were much higher than those used in the present study (1.5 
X M )  and required much higher signal amplification. Apparently, 
the use of methanol as a solvent reduces I1 fluorescence to negligible 
levels. 


Solvent-Several other solvents were tested. Compound I did not 
fluoresce significantly in either water or chloroform. The small amounts 
of methanol did not affect the UV absorptive properties of I; and since 
methanol promotes fluorescence, i t  is more likely that  the high degree 
of fluorescence quenching observed in chloroform was an effect of the 
chloroform itself rather than interference from methanol or a mixed 
solvent. However, I fluoresced in most common alcohols intensely enough 
to permit its determination in any of them (Table 11). Methanol was se- 
lected because it is easily obtained and easily purified for analytical 
purposes. For the determination of I in 11, fluorescence grade methanol 
must be used for all solution preparation. 


Experimental  Parameters-The spectrofluorometer was used be- 
cause its xenon arc source provided excitation in the 300-nm region. With 
this spectrofluorometer, plots of the fluorescence of I uersus concentra- 
tion were linear but did not pass through the origin, indicating that a 
reagent blank (Fig. 1) correction was necessary. This blank effect could 
be seen with pure I or I1 in methanol. As a result, the choices of slit width, 
instrumental sensitivity, and excitation wavelength were critical. 


With slit widths of 10 nm for excitation and 20 nm for emission, it was 
possible to measure 0.25% I in samples containing I 1  with excellent sen- 
sitivity; a t  wider slit widths, the blank spectrum became severely dis- 
torted, making it difficult to obtain reliable blank values. At  a sensitivity 
setting of three, the readings were more reliable than a t  a sensitivity 
setting of four, although the detection limit was lower a t  the latter setting. 
A 300-nm excitation wavelength was chosen even though the excitation 
maximum on the spectrofluorometer occurred a t  304 nm. Excitation at 
wavelengths appreciably greater than 300 nm caused large variations in 


Table  111-Evaluation of the Inne r  Fil ter Effect of I1 on the  
Determination of I in Methanol 


A a t  300 nmo Percent I F b  I1 in Sample, mg 


100 0.09 4.3 
150 0.13 16 


300 f 30 0.26 18 ( f 3 ) C  
450 0.39 33 


a Calculated. Percent IF = W, + F +,,IF,) X 100%. where the blank for each 
study contains the same milligrams of h as each sample. c Standard deviation = 
3.3% for eight determinations on different days. 
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T a b l e  IV-Detection Limits  of I i n  P u r e  Solut ion or in  t h e  
Presence of I1 


Instrument Detection Limits 


SamDle Set t ine I .% I. M 1. 70 I .  M 
Sensitivity By Inspection BY Graph 


Pure I 4 - 0.6 X - 0.2 x lo-' 
I in 3.0 :3 0.063 1.7 x 10-7 0 . 0 : ~  1.0 x 10-7 


mg 70 
I1 


the  blank reading while excitation below 300 nm drastically lowered the 
fluorescence emission intensity because of inner filtering by II  and de-  
creased excitation efficiency. 


Reagent Pur i ty  a n d  I n n e r  Filtering-The I crystals should be white 
with no traces of gray. Freshly sublimed I should be stored in a tightly 
capped container o u t  of the  light. Moisture, air, and light tend to de-  
compose I crystals rapidly to  gray and then to  black. Stock I solutions 
darken within several hours of preparation (-14% deterioration/day); 
for this reason, it is recommended t h a t  standards and  samples be pre- 
pared immediately before use. Storing solutions under refrigeration in 
the  dark slows decomposition only slightly. T h e  filtering of solutions 
through medium-speed filter paper did not alter the concentration of any 
of the components in the samples. 


If I is to be determined in the presence of 11, it is important to  examine 
the effect of the latter on the UV spectrum of the  former. A t  11-1 ratios 
>1000:1 ( the working ratio for the  analyses), the U V  spectrum of the 
mixture actually approximated tha t  of I1 alone. Thus,  I1 should absorb 
a n  extremely large fraction of the  300-nm excitation radiation striking 
a typical mixture of these two compounds. Consequently, a large inner 
filter effect from I1 was observed in the direct fluorometric determination 
of I (Table 111). Although calibration curves a t  various I1 concentrations 
were linear, a large variation in the magnitude of the inner filter effect 
was observed from day to day (Table Ill). 


To check a sample's absorbance a t  300 nm, a 1:10 dilution was made 
and the UV absorbance was determined a t  the 248-nm maximum rather 
than reading absorbance directly a t  300 nm on the highly sloping portion 


e 


1 1 
)O 360 390 


WAVELENGTH, nm 


F i g u r e  1-Fluorescence spectra of oarious I concentrations in the  
presence of I! in methanol. Key; a, methanol; b, 3.0 mg ci I1 in methanol 
(blank for the  determination of I in II); c, 3 0 mg "1 11 containing 0.027 
% I a s  a n  impurity in  methanol; d ,  3.0 mg "b I! containing 0.067"; I a s  
a n  impurity in  methanol; a n d  e, 3.0 rng ci, I1 containing 0.133"b I a s  a n  
impuri ty  in methanol. 


T a b l e  V-Determination of I in  P h a r m a c e u t i c a l s  


I I 
Acetaminophen Added", Determined, Instrumental 


Preparation" 7c 70 Sensitivity 


Tablets 1 0.000 0.014 3 
Tablets 1 0.000 0.021 4 
Tablets 1 0.000 0.029 4 
Tablets 2 '  0.040 0.035d 3 
Tablets 2 0.040 0.028 4 
Tablets 3' 0.073 0.074 3 
Tablets 3 0.073 0.067 4 


" 'I'ylenol tablets 2 and :I were synthetic samples. Calculated. Tablet excipients 
h ;d  no apparent effect on the determination of I .  Since the amount of I is at the 
detection limit of I .  the agreement with the expected value is not expected to he 
extremely good. 


of the UV absorption band o f  11. This  procedure ensured the proper 
content of I1 in the fluorescence test solution. As long as  the U V  ab-  
sorbance of the  sample solution fell within f0.03 unit of any standard 
containing I1 (0.33 absorbance unit for 2 X M II), the  change in inner 
filter effect was negligible. 


Determina t ion  of I-Compound I could be determined at  low con- 
centrations (<O.l%,) in I1 either by inspection of the fluorescence emission 
spectrum (Fig. 1 )  or by graphical analysis. Determination by inspection 
only involved visual comparison of the sample fluorescence emission 
spectrum to those of s tandards and was only a n  estimation of one sig- 
nificant figure. 


T h e  detection limit of the method may not be obvious from Fig. 1. For 
the determination of I by inspection of spectra (Table IV), the spectrum 
should be scanned a t  medium chart  speed with the  scanning device a t  
high speed to  make the fluorescence band more apparent. For graphical 
analysis (Table IV), the  fluorescence emission can be read either directly 
from the  meter scale a t  the 36.5-nm emission peak or from the recorded 
spectrum using medium chart and scanning speeds (Fig. 1). 


Quantitative results are shown in Table V. All commercially available 
II" tablets analyzed (Table V )  contained <0.038% I in 11, the  detection 
limit of the method (Tahle IV).  A duplicate analysis of commercially 
availahle 11 tablets (Tablet 1 )  at an instrumental sensitivity setting of 
four gave higher results than analysis using t h e  same sample solutions 
a t  an instrumental sensitivity setting of three due to  large variations in 
sample and blank readings a t  the former instrumental sensitivity setting 
(Table V). 


Synthetic samples (Tablets  2 and 3 )  were prepared by combining 
known amounts  of pure 1 with known amounts  of previously analyzed 
tirldets (Tablet 1) and then rehomogenizing in the micro mill. The  results 
( i t  analysis o f  synthetic samples were thus dependent on a "hlank" cor- 
rection due to  I1 and possibly to  the suspected I content of Tahlet 1. For 


a t  instrumental sensitivity setting four, the unspiked tablets 
('I'ablet 1 )  gave higher apparent concentrations of I with large variation 
hetween replicate samples (Table  V)  and,  therefore. much lower recov- 
orics for the  synthetic samples. 


T h e  results o f  the synthetic sample analyses a t  a n  instrumental sen- 
sitivity setting of three depended on a lower correction for the  actual 
tal)let content ot' I, and experimentally determined values compared more 
tavorably to calculated values for the amount  of I used to spike the 
samples. Apparent deviations from the calculated values a t  a lower I 
content (0.040%) were probably due  to lower precision in both the de-  
termination of low percent of I and in the actual tablet content that  falls 
twlow the drtection limit for the method rather than other possible 
sources of  interference (e.g., insoluble excipients). This  speculation is 
supported b y  the small positive error in the analytical results where the 
content of  1 was higher (Tablet 3 ) .  


CONCLUSION 


Since no T L C  o r  column chromatography was used, there was no loss 
of I during the analysis as  is possihle in methods involving separations 
(2'2).  Also, there was no possibility of an incomplete o r  competing chro- 
mophorc- o r  fluorophore-forming reaction. This  fact decreased the 
possibility o f  formation of interfering species o r  of the decomposition of 
1. Most methods for the determination of I are quite sensitive, but  many 
specify no detection limit for I alone or in combination with I1 (1, 3, 10, 
Ifi.23,24). Many methods t h a t  dospecify detection limits. expressed as 
percent I in 11, possess sensitivities tha t  a re  not lower than the direct 


~~ 


rylenol preparation containing 500 mghahlet, McNeil Laboratories. 
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fluorometric method (1,10,14,22,24). Other methods were specifically 
designed for the determination of I in biological specimens (1,lO) or for 
the determination of I1 and related compounds after conversion to I (1, 
10, 14). 
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Abstract o The purpose of this investigation was to determine if the 
previously demonstrated inhibitory effect of phenobarbital treatment 
on the systemic availability of orally administered dicumarol in rats is 
related to the known effect of phenobarbital on bile output. It was found 
that phenobarbital had no apparent effect on the systemic availability 
of an aqueous dicumarol suspension in rats with ligated bile ducts. 
Compared to results obtained previously on normal rats, bile duct-ligated 
rats absorbed and eliminated dicumarol much more slowly and absorbed 
much less of the anticoagulant. On the other hand, the relative inductive 
effect of phenobarbital treatment on dicumarol elimination was similar 
in normal and in bile duct-ligated animals. The latter exhibited sub- 
stantial serum transaminase elevations, indicative of liver damage pre- 
sumably secondary to cholestasis. These results demonstrate that a 
drug-drug interaction can depend markedly on the pathophysiological 
status of the animals. 


Keyphrases o Phenobarbita-effect on dicumarol systemic availability 
in bile duct-ligated rats o Dicumarol-phenobarbital effect on systemic 
availability in bile duct-ligated rats o Anticoagulants-dicumarol, sys- 
temic availability, effect of phenobarbital in bile duct-ligated rats 0 Bile 
duct-ligation, effect on rats, dicumarol systemic availability, pheno- 
barbital 0 Drug interactions-phenobarbital effect on dicumarol sys- 
temic availability in bile duct-ligated rats 


The systemic availability of orally administered dicu- 
marol in humans (1) and rats (2) is reduced by pretreat- 
ment of the subjects with a barbiturate. Oral phenobarbital 
sodium administration, 75 mg/kg, for 5 days before and 2 
days after oral administration of dicumarol suspension to 


rats reduced the systemic availability of the anticoagulant 
from 84 f 8 to 48.7 f 10% (mean f SD). Similar effects 
were observed when phenobarbital was administered in- 
travenously (2). 


Since phenobarbital treatment increased bile output (3), 
the inhibitory effect of phenobarbital on dicumarol ab- 
sorption possibly is mediated by complexation of the 
anticoagulant with bile salts or by altered GI motility 
caused by increased bile flow. A study was initiated to 
determine if phenobarbital treatment affects systemic 
dicumarol availability in rats with ligated bile ducts. 


EXPERIMENTAL 


The experimental procedures were described previously (2). Briefly, 
adult male Sprague-Dawley rats weighing -300 g received daily oral 
doses of phenobarbital sodium, 75 mghg, or the same volume of saline 
solution for 5 days. Their right jugular vein was cannulated on the 5th 
day to facilitate frequent blood withdrawal. In the morning of the 6th day, 
the rats received an intravenous tracer dose of 14C-dicumarol by rapid 
injection and 50 mg of dicumarolhg in aqueous suspension by gastric 
tube. 


Blood samples were collected periodically, and daily phenobarbital 
treatment was continued until the end of the experiment. Food, but not 
water, was withdrawn for 24 hr, starting 12 hr before dicumarol admin- 
istration. Plasma was assayed for *4C-dicumarol and unlabeled dicumarol. 
The ratio of areas under the concentration-time curves for the labeled 
and unlabeled drug, normalized for dose, was used to calculate systemic 
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fluorometric method (1,10,14,22,24). Other methods were specifically 
designed for the determination of I in biological specimens (1,lO) or for 
the determination of I1 and related compounds after conversion to I (1, 
10, 14). 
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Abstract o The purpose of this investigation was to determine if the 
previously demonstrated inhibitory effect of phenobarbital treatment 
on the systemic availability of orally administered dicumarol in rats is 
related to the known effect of phenobarbital on bile output. It was found 
that phenobarbital had no apparent effect on the systemic availability 
of an aqueous dicumarol suspension in rats with ligated bile ducts. 
Compared to results obtained previously on normal rats, bile duct-ligated 
rats absorbed and eliminated dicumarol much more slowly and absorbed 
much less of the anticoagulant. On the other hand, the relative inductive 
effect of phenobarbital treatment on dicumarol elimination was similar 
in normal and in bile duct-ligated animals. The latter exhibited sub- 
stantial serum transaminase elevations, indicative of liver damage pre- 
sumably secondary to cholestasis. These results demonstrate that a 
drug-drug interaction can depend markedly on the pathophysiological 
status of the animals. 
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The systemic availability of orally administered dicu- 
marol in humans (1) and rats (2) is reduced by pretreat- 
ment of the subjects with a barbiturate. Oral phenobarbital 
sodium administration, 75 mg/kg, for 5 days before and 2 
days after oral administration of dicumarol suspension to 


rats reduced the systemic availability of the anticoagulant 
from 84 f 8 to 48.7 f 10% (mean f SD). Similar effects 
were observed when phenobarbital was administered in- 
travenously (2). 


Since phenobarbital treatment increased bile output (3), 
the inhibitory effect of phenobarbital on dicumarol ab- 
sorption possibly is mediated by complexation of the 
anticoagulant with bile salts or by altered GI motility 
caused by increased bile flow. A study was initiated to 
determine if phenobarbital treatment affects systemic 
dicumarol availability in rats with ligated bile ducts. 


EXPERIMENTAL 


The experimental procedures were described previously (2). Briefly, 
adult male Sprague-Dawley rats weighing -300 g received daily oral 
doses of phenobarbital sodium, 75 mghg, or the same volume of saline 
solution for 5 days. Their right jugular vein was cannulated on the 5th 
day to facilitate frequent blood withdrawal. In the morning of the 6th day, 
the rats received an intravenous tracer dose of 14C-dicumarol by rapid 
injection and 50 mg of dicumarolhg in aqueous suspension by gastric 
tube. 


Blood samples were collected periodically, and daily phenobarbital 
treatment was continued until the end of the experiment. Food, but not 
water, was withdrawn for 24 hr, starting 12 hr before dicumarol admin- 
istration. Plasma was assayed for *4C-dicumarol and unlabeled dicumarol. 
The ratio of areas under the concentration-time curves for the labeled 
and unlabeled drug, normalized for dose, was used to calculate systemic 
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Table I-Effect of Phenobarbital  Treatment  on Dicumarol 
Pharmacokinetics in Adult Male Sprague-Dawley Rats  with 
Ligated Bile Ducts (32-hr Study) 
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Constant a 


Total clearance, 
mlihrkg 


Apparent volume 
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mlkg  


19, hr-l 
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Statistical 
Phenobar- Signifi- 


bital- cance of 
Control Treated Difference 
Animals Animals (P)b 
4.7 f 1.5= 10.0 f 3.1 <0.005 


93 f 7 80 f 20 N.S. 


0.0512 f 0.0185 0.129 f 0.039 <0.001 


Table 111-Pathophysiological Characterist ics of Rats with 
Ligated Bile Ducts (60-hr Study) 


Phenobar- Statistical 
bital- Significance 


Control Treated of Difference 
Parameter a Animals ‘Animals (P)* 


Weirht losse. TO 12.5 f 0.6d 10.8 f 3.9 N.S. 
Liver weight; glkg 42.4 f 2.3 53.3 f 6.7 <0.025 
SGO?”, mU/ml 627 f 64 521 f 76 N.S. 
SCPT‘, mU/ml 2 6 3 f 8 1  2 2 9 f 9  N.S. 
Total serum protein, 7.30 f 0.99 6.95 f 0.40 N.S. 


Serum albumin, g1100 ml 3.18 f 0.76 2.82 i 0.27 N.S. 
Hematocrit, % 29 f 7 40 f 2 <0.05 


gA00 ml 


0 Based on W-dicumarol injected intravenously. Two-sample t-test. All data All reported measurements were made a t  the end of the experiment. b Two- 
Relative to body weight before bile duct ligation. All data are mean are mean f SD, n = 7. sani )let test 


f .Sh. n -= 4.’e Normal value <40 mlJ/ml. 


availability. Drug absorption and elimination kinetics were characterized 
by conventional methods (2). 


In the present study, bile duct ligation was performed on the 5th day, 
i.e., 1 day before dicumarol administration. The bile duct was exposed 
by a midline abdominal incision under ether anesthesia, ligatures were 
placed near the liver and near the intestine, and the duct was severed 
between the two ligatures. The incision was closed with wound clips. 


Blood sampling in the first group of animals was carried out for 32 hr. 
When this period proved to be insufficient to determine systemic avail- 
ability, a second group of animals was studied for 60 hr. At the end of the 
experiment, as much blood as possible was removed from the aorta of the 
rats under ether anesthesia and the hematocrit was measured. Serum was 
separated and used to determine the free fraction of dicumarol, total 
protein and albumin concentration (4,  5), glutamate-oxaloacetate 
transaminasel (SGOT), and glutamate-pyruvate transaminase2n3 
(SGPT). The liver was excised, excess blood was removed by mild com- 
pression between tissue paper, and the organ was weighed. The animals 
were weighed daily during the pretreatment period, immediately before 
bile duct ligation, before dicumarol administration, and at the end of the 
60-hr experiment prior to sacrifice. 


RESULTS 


The results obtained from the first (32-hr blood sampling) study 
showed that dicumarol was absorbed and eliminated much more slowly 
than anticipated from a previous study on rats with intact bile ducts (2). 
Consequently, systemic availability could not be determined from the 
data. The drug concentration data derived from the intravenous injection 
of 14C-dicumarol were used to characterize the drug elimination kinetics. 
Treatment with phenobarbital increased the total dicumarol clearance 


Table 11-Effect of Phenobarbital  Treatment on Dicumarol 
Pharmacokinetics in Adult Male Sprague-Dawley Rats  with 
Ligated Bile Ducts (60-hr Study) 


Statistical 
Signifi- 


Phenobarbital- cance of 
Pharmacokinetic Control Treated Difference 


Constanta Animals Animals (D)* 


Total clearance, 4.4 f 1.5‘ 8.1 f 2.4 <0.05 


Apparent volume 90 f 7 76 f 10 N.S. 


13, hf- 0.0492 f 0.020 0.105 f 0.020 <0.01 
Intrinsic clearance 0.769 f 0.344 1.42 f 0.73 N.S. 


ml/hr/kg 


of distribution, 
ml+g 


of free drug, 
ml/hr/kg 
x 10-4 


x in4 
Serum free fractiond 7.08 f 4.67 7.23 f 4.36 N.S. 


a Based on “C-dicumarol injected intravenously. b Two-sample t-test. c All data 
are mean f SD, n = 4. d Determined a t  the end of the experiment. 


Determined with Calbiochem GOT reagent kit, Calbiochem, La Jolla, Calif. 
*Determined with Calbiochem GPT reagent kit, Calbiochem, La J o b ,  Calif. 


The transaminase determinations were carried out by Dr. Kenneth L. Hintze 
in this laboratory. 


about twofold, increased the disposition rate constant (@), and had no 
statistically significant effect on the apparent volume of distribution 
(Table 1). The animals appeared ill; they were inactive, they ate little, 
their fur became rough, and their skin acquired a yellow color. 


The dicumarol elimination kinetics observed in the second (60-hr blood 
sampling) study are presented in Table 11. The results were almost 
identical to those in the first study; total clearance and fl  were signifi- 
cantly increased by phenobarbital. The average intrinsic clearance of free 
drug increased about twofold, but the difference was not statistically 
significant due to large interanimal variations. The average free fraction 
o f  dicumarol in serum of the two groups of animals was almost identical. 
Despite the poor physical state of the rats, the postintravenous drug 
concentration-time curves were “clean” in that drug concentrations 
declined exponentially without significant perturbations or time-de- 
pendent changes in slope (Figs. 1 and 2). 


All animals exhibited appreciable weight loss and elevation of serum 
transaminases (Table 111). There were no significant differences in these 
and other clinical chemical parameters between control and phenobar- 
bital-treated rats, except that the latter had larger livers (a characteristic 
consequence of treatment with an enzyme inducer such as phenobarbital; 
Refs. 5 and 6) while the control animals, for unknown reasons, had a lower 
hematocrit a t  the end of the study (Table 111). 


Absorption of orally administered dicumarol was slow (Fig. 1) and in 
some cases persisted for the duration of the experiment (Fig. 2). There- 
fore, extrapolation of drug concentrations in plasma beyond the last data 
point was carried out by two methods representing the limiting cases of 
continuing absorption beyond -60 hr (Method I) and no further ab- 
sorption after -60 hr (Method II).(Ref. 2; footnotes b and c, Table 1V). 
The two methods yielded essentially identical systemic availability es- 
timates for control animals but somewhat different estimates for phe- 
nobarbital-treated rats (Table IV). The latter difference was due pri- 
marily to one rat that absorbed dicumarol particularly slowly (Fig. 2). 
Comparing the systemic availability estimates by either Method I or I1 
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Figure I-Plasma dicumarol concentrations as a function of time after 
simultaneous administration o f  50 mglkg PO (0) and 2 mglkg iu (a) to 
a control rat with ligated bile duct. “T-Labeled drug was used for the 
intraoenous injection. 
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Table IV-Effect of Phenobarbital Treatment on the Systemic Availability. of Orally Administered Dicumarol in Rate (60-hr Study) 


Control Animals Phenobarbital-Treated Animals 
Rat Method I* Method IIc I/II Ratio Rat Method I b  Method 11' I/II Ratio 


1c 46 
2c 29 
3c 49 
4c 19 
Mean 36 
SD 14 


43 
27 
47 
17 
34 
14 


1.07 
1.07 
1.04 
1.12 
1.08 
0.03 


1P 
2P 
3P 
4P 


42 
30 
34 
54 
40d 
11 


41 
28 
21 
41 
33d 
10 


1.02 
1.07 
1.68 
1.32 
1.27 
0.30 


0 Expressed as percent of oral dose. * Method I: Area under plasma concentration-time curve of orally administered drug (AUC,,a) determined by extrapolation of 
a parently exponential concentration decay phase from last data point to zero concentration. Method I 1  AUC,,d determined by assuming that concentrations after 
t l e  last data point decline at the same relative rate as the postdistribution concentrations of W-dicumarol administered by intravenous injection. Not significantly 
different from the appropriate control value by two-sample t-test. 


leads to the conclusion that phenobarbital treatment had no apparent 
effect on the extent of dicumarol absorption. 


Figure 3 is a plot of the cumulative fraction of the dicumarol dose ab- 
sorbed as a function of time after administration of the anticoagulant. 
Absorption kinetics are presented in Fig. 4. These data show that phe- 
nobarbital had no apparent effect on the rate or extent of dicumarol 
absorption by bile duct-ligated rats; the average time required to absorb 
50'76 of the amount of drug eventually absorbed (not the administered 
dose) was -11 hr, and the average amount absorbed was 3340% of the 
dose. 


DISCUSSION 


The original intent of this investigation was to determine the effect 
of phenobarbital treatment on the systemic availability of orally ad- 
ministered dicumarol when bile was not present in the intestinal tract, 
i.e., under conditions where an effect of phenobarbital on bile output 
would not influence the results. All else being equal, a lack of pheno- 
barbital effect on dicumarol absorption in the absence of bile together 
with the previously demonstrated pronounced absorption inhibitory 
effect of phenobarbital on dicumarol in normal animals (2) would suggest 
strongly that the phenobarbital effect in normal animals is mediated by 
an altered bile output. The results of this study show, however, that bile 
duct ligation causes a profound change in the pathophysiological status 
of the animals. 


The total dicumarol clearance in bile duct-ligated control rats was 
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Figure 2-Plasma dicumarol concentrations as a function of time after 
simultaneous administration of 50 mglkg PO (0) and 2 mglkg io (0) to 
a bile duct-ligated rat treated with oral phenobarbital sodium, 75 
mglkglday, beginning 5 days before dicumarol administration. 14C- 
Labeled dicumarol was used /or the intravenous injection. 


much lower than in previously studied normal control rats (2,7). This 
finding is particularly significant since the serum free fraction of dicu- 
marol was higher in the bile duct-ligated animals (5.8), presumably due 
to accumulation of endogenous displacing agents. All else being equal, 
an increase in the serum free fraction should increase the total antico- 
agulant clearance (8). Serum transaminase elevation in the bile duct- 
ligated rats is indicative of hepatotoxicity, apparently caused by cho- 
lestasis. The latter condition may also account for the somewhat larger 
liver of the bile duct-ligated control rats as compared to the liver of 
normal animals (5,6). Liver damage, in turn, is probably at least partly 
responsible for the decreased dicumarol clearance since the drug is 
eliminated by hepatic biotransformation (9). Bile acids are known to be 
hepatotoxic; they also block the type I binding site on cytochrome P-450 
(10). Impairment of microsomal drug metabolism in cholestasis has been 
observed by other investigators (10). 


The relative magnitude of enzyme induction caused by phenobarbital 
was similar in bile duct-ligated and normal animals; total dicumarol 
clearance WBB approximately doubled by phenobarbital in both types of 
animals (Tables I and I1 and Ref. 2). Therefore, phenobarbital may be 
potentially useful as a therapeutic tool to compensate for some bio- 
transformation deficiencies in certain types of impaired liver function. 
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Figure 3-Time course of dicumarol absorption after oral adminis- 
tration 0/50 mglkg to control rats with ligated bile ducts (0) and to bile 
duct-ligated rats treated orally with phenobarbital sodium, 75 mgl 
kglday, beginning 5 days before dicumarol administration (0). Points 
are mean + or - SD of four control and four phenobarbital-treated 
animals. 
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Figure 4-Dicumarol absorption kinetics in four control (0) and four 
oral phenobarbital-treated (0) rats, all with ligated bite ducts. Plotted 
on the ordinate is the fraction of total absorbed dicumarol that was re- 
maining to be absorbed a t  various times after oral administration ofa  
50-mglkg dose. 


Dicumarol was absorbed much more slowly by bile duct-ligated animals 
(tm = 11 hr) than by normal rats (t 1/2 = 3 hr; Ref. 2). The reason for 
this difference is not evident from the available data. Bile duct-ligated 
control rats absorbed 140% of the oral dose while normal control rats 
absorbed >W’ under the same experimental conditions (2). Perhaps bile 
enhances absorption by increasing the dissolution rate of the almost 
water-insoluble dicumarol. It will be of interest to determine systemic 
dicumarol availability in rats with exteriorized bile ducts who are re- 


ceiving a concomitant intravenous bile infusion, i.e., animals that are not 
cholestatic or bile salt deficient and presumably have normal liver 
function but no bile in the intestine. 


Systemic dicumarol availability in normal rats was reduced from >80 
to <50% by phenobarbital treatment (2). No such absorption inhibitory 
effect was observed in bile duct-ligated rats. Dicumarol availability is 
likely to be affected by many factors such as the solubilizing effect of 
intestinal fluids, GI motility, and gut wall metabolism. (Significant 
first-pass hepatic biotransformation can be excluded on theoretical 
grounds; Ref. 6.) Since bile duct ligation changed the pathophysiological 
status of the animals (rather than only preventing bile entry into the 
intestine), the lack of a significant phenobarbital effect on systemic di- 
cumarol availability in bile duct-ligated rats cannot be ascribed to any 
one factor. However, the results of this investigation demonstrate that  
a drug-drug interaction such as the one between dicumarol and pheno- 
barbital may be pronounced in normal animals and either absent or less 
pronounced in animals with altered pathophysiological status. 
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Double Latin Square Study to Determine Variability and Relative 
Bioavailability of Methylprednisolone 
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A. R. DISANTO, R. D. STEWART, and T. T. CHEN 
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Abstract D The variability and relative bioavailability of methylpred- 
nisolone tablets were evaluated utilizing a double Latin square crossover 
design in which each of 20 subjects was given four of five treatments. 
Three different lots of methylprednisolone tablets exhibited virtually 
identical absorption, with similar ranges and coefficients of variation of 
some selected bioavailability parameters indicative of lot-to-lot unifor- 
mity in bioavailability. Within-lot and between-lot uniformities in bio- 
availability also were similar, suggesting that the observed variability 
in serum methylprednisolone levels was not due to manufacturing process 
variables. With respect to intra- uersus intersubject variability, no dif- 


ferences were found for the absorption rate or terminal half-life. In 
contrast, between-subject variability associated with extent of absorption 
was greater than that within subjects. Relative to an aqueous suspension, 
methylprednisolone tablets were fully bioavailable. 


Keyphrases 0 Methylprednisolone-bii)availability, tablet variahility, 
commercial preparations, Latin square study o Glucocorticoids- 
methylprednisolone, bioavailability, tablet variability, commercial 
preparations, Latin square study o Hioavailability-commercial 
methylprednisolone preparations 


On January 7,1977, the Food and Drug Administration 
published a list of rules and regulations for conducting 
bioequivalency studies in humans (1). Their intent was to 
assure product interchangeability by demonstrating that, 


on the average, two or more products would exhibit similar 
bioavailabilities. However, the rules and regulations appear 
to have ignored the variability in the bioavailability of a 
given product; and this variability might result in thera- 
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Table V1-Comparison of the Predicted and Inpu t  Data 


t ,  hr Inputo 
Predicted by 


Splineb LEASQ 
Theoretical 
(Expected) 


0.1 18.68 19.7470 (-4.26) 18.7512 (-0.28) 
0.2 15.92 16.9891 (-5.01) 16.6838 (-3.58) 
0.6 10.82 11.3095 (-3.37) 12.0142 (-8.23) 
1.0 8.38 6.8147 (13.92) 7.5799 (7.12) 
1.5 5.57 5.0242 (7.30) 5.3858 (2.47) 
2.0 4.83 4.2152 (9.49) 4.2544 (8.89) 
3.0 3.51 3.4274 (1.75) 3.2208 (6.14) 
4.0 2.59 2.8980 (-8.86) 2.6901 (-2.88) 
6.0 1.92 2.0464 (-4.91) 1.9381 (-0.70) 
8.0 1.29 1.4026 (-6.51) 1.3608 (-4.09) 


10.0 0.92 0.9385 (-1.50) 0.9294 (-0.76) 
12.0 0.63 0.6176 (1.47) 0.6228 (0.85) 
14.0 0.39 0.4020 (-2.30) 0.4128 (-4.36) 
16.0 0.27 0.2600 (2.77) 0.2721 (-0.59) 


Simulated plasma levels containing 10% random noise. * Weighted residuals are given in parentheses (XI@). 


17.8285 (3.40) 
15.9506 (-0.14) 
11.7020 (-6.08) 
7.6489 (6.50) 
5.6179 (-0.64) 
4.5397 (4.48) 
3.4777 (0.69) 
2.8726 (-8.13) 
1.9997 (-3.10) 
1.3617 (-4.15) 
0.9083 (0.95) 
0.5977 (3.83) 
0.3900 (-0.01) 
0.2533 (4.60) 


ability of the estimated parameters and of the efficiency of the estimation 
procedure. As can be seen in Table 111, the errors associated with either 
the spline or the LEASQ results are in the same range as the expected 
error. Compared to the errors of the LEASQ solutions, the expected ASE 
values were greater hut the expected WSS was smaller. The first obser- 
vation suggests that the true parameters probably are irretrievable from 
corrupted input data. The second observation indicates that further 
improvement of the parameter estimates can be made by applying su- 
perior numerical algorithms. This conclusion is manifested in Table VI 
where the predicted and the observed (input) data are compared. 


Conclusions-Two numerical examples have been described to il- 
lustrate the proposed method in the estimation of pharmacokinetic pa- 
rameters. For a given model and weighting scheme, the reliability of the 
estimates is dependent on data accuracy as well as on the numerical al- 
gorithms employed. Obviously, when experimental errors are large, 
meaningful estimates are difficult, irrespective of algorithmic sophisti- 
cation. 
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Impurities in Drugs 111: Trihexyphenidyl 
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Abstract 0 Two lots of trihexyphenidyl hydrochloride raw material, one 
lot of elixir, and I0 lots of tablets were examined for impurities by TLC. 
Impurities found were l-phenyl-2-propenone, 3-piperidinopropiophe- 
none, and 3-aminopropiophenone. Not all impurities were present in all 
lots, and none exceeded 1.9% of the label drug claim. Impurities were 
identified by mass spectrometry and by comparison of TLC R, values 
and G I L  retention times to those of synthesized specimens of the im- 
purities. 


Keyphrases 0 Trihexyphenidyl-analysis, TLC, impurities in tablets 
and elixir 0 Trihexyphenidyl, derivatives-l-phenyl-2-propenone, 3- 
piperidinopropiophenone, 3-aminopropiophenone, TLC analysis, im- 
purities in tablets and elixir 0 Drug impurities-trihexyphenidyl, tahlets 
and elixir, TLC analysis 


Impurities in drug raw materials and formulations may 
be intermediates or by-products of the synthetic process, 
products of degradation or drug-excipient interaction, or 
the result of contamination. The nature of impurities may 
depend on the synthetic route, the reagent purity, aild the 


excipient quality. To obtain a good perspective of potential 
impurities, raw materials and formulations from as many 
sources as possible should be examined (1-4). This paper 
describes the impurities found in trihexyphenidyl (I) raw 
material and tablet and elixir products. 


Trihexyphenidyl was synthesized first (5) by the addi- 
tion of cyclohexylmagnesium bromide to 3-piperidin- 
opropiophenone (111, obtained by the Mannich reaction 
with acetophenone (III), formaldehyde, and piperidine 
hydrochloride in acidic medium. Trihexyphenidyl hy- 
drochloride raw material and tablets are official in the USP 
(6) and BP as benzhexol(7). An elixir is official in the USP 
only. The only impurity specification is that in the BP for 
3-piperidinopropiophenone in drug raw material. 


EXPERIMENTAL 


Materials-All drugs and formulations were obtained from the 


1124 I Journal of Pharmaceutical Sclences 
Vol. 68, No. 9, September 1979 


0022-35491 791 0900- 1124$0 1.001 0 
@ 1979, American Pharmaceutical Association 







0 


@!-CH3 + HCHO + R^$JH&I + -  - @;;-cH,cH,ML, 


111 0 'HCI 


3 11: R = 


0 / V : R - H  


LiBr/dimethyliormamide 


A 
C-CH-CH, 


VI 


HBrlCH $20 ,H 1 


VII 


manufacturer. Acetophenone', 3-piperidinopropiophenone', formalde- 
hyde 37% solution2, ammonium chloride2, lithium carbonate?, lithium 
bromide?, acetic acid4, dimethylformamide4, bromine5, and hydrogen 
chloride gas6 were obtained commercially. All solvents were analytical 
grade. 


TLC plates were precoated with silica gel GF7 (20 X 20 cm, 0.25 mm). 
The gas chromatograph* was equipped with flame-ionization detectors 
and 1.8-m X 0.4 cm i.d., U-shaped glass columns, packed with 3% OV-210 


IV 


Scheme I 
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Figure I-Gas-liquid chromatograms of trihexyphenidyl and its im- 
purities. 


I Aldrich Chemical Co., Milwaukee, Wis. 
2 Anachemia Chemicals Ltd., Montreal. Canada. 
3 RDH Chemicals Ltd., Poole. England. 


J. T. Baker Chemical Co., Phillipshurg, N.d. 
6 Canlab Laboratories, Ottawa, Canada. 
6 Matheson, Toronto, Canada. 


Brinkmann Instruments. Toronto, Canada. 
8 Bendix 2500. Aviation Electric, Montreal, Canada. 


coated on acid-washed, dimethylchlorosilane-treated, high-performance 
flux-calcined diatomite supportg (100-120 mesh). 


Standard Solutions-For TLC, chloroform solutions contained 5 mg 
of trihexyphenidyl hydrochloride/ml and either 0.01 mg of I-phenyl- 
2-propenone (IV)/ml or 0.04 mg of 3-aminopropiophenone (V)/ml. For 
G I X ,  a solution of 5.2 mg of 3-piperidinopropiophenone in 50 ml of 
chloroform was prepared. 


TLC Systems-A neutral system of chloroform-methanol-ethyl ac- 
etate-acetone (202020:40) and a hasic system of chloroform-metha- 
nolkoncentrated ammonium hydroxide (100:25: 1) were used. Spots were 
visualized with UV light at 254 nm and with Dragendorff spray. 


Extraction from Tablet  Formulations-An amount of powdered 
tablet equivalent to 10 mg of trihexyphenidyl hydrochloride was weighed 
into a 10-ml screw-capped culture tube5 and extracted by shaking10 for 
15 min with 2 ml of chloroform. After centrifuging, the solutions were 
filtered, and aliquots were applied to the TLC plates and injected into 
the gas chromatograph. 


Extraction from Elixir  Formulation-An amount (25 ml) equiva- 
lent to 10 mg of trihexyphenidyl hydrochloride in 15 ml of water was 
partitioned three times with 20 ml of chloroform. The chloroform portions 
were concentrated, and the volume was adjusted to 2 ml with chloroform. 
Aliquots of this solution were applied to the TLC plates or injected into 
the gas chromatograph. 


I 


II 


E' 


P 


I + I L + I P  


- 150 mm 
Figure 2-TLC separations of trihexyphenidyl and its impurities using 
the neutral system. 


c 


9 Chromosorb W, Chromatographic Specialties, Brockville, Canada. 
1" Horizontal shaker, Eberbach Corp., Ann Arbor, Mich. 
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+ -A 
CH2=N=CH2 * 


+ 
CH,=CH--C=O 


m / e  42(63)  mle 84(34)  


+ N 3  


mle 84(34)  mle l l O ( 7 )  
Scheme 11 


Screening for  Impurities-The Rf values of the drug and of each 
impurity were determined in both TLC systems, and the lower detect- 
ability limit was established hy serial dilutions o f  the stock solutions. 
Aliquots of 50 pl(250 pg) of the tablet extracts in chloroform were applied 
to the TLC plates. The  concentration of impurities was approximated 
by com arison of the spot diameters and intensities to those of the cor- 
responJng spots from the standard solutions. 


Aliquots, 5 pl, of the appropriate solution were injected into the gas 
chromatograph for quantification of the 3-piperidinopropiophenone. 
Quantification was done by peak height. To check for possible decom- 
position on the plate, each compound was subjected to two-dimensional 
TLC. 


Isolation of Impurit ies --Impurities IV and V were isolated from 
Tablet Formulation B and Raw Material M, respectively. A chloroform 
extract containing 200 mg of the drug in -6 ml of the solvent was applied 
in a narrow hand to a 20X 20-cm X 2-mm TLC plate7 and developed in 
the neutral system. Impurities were visualized by UV light at 254 nm and 
by spraying a 1-cm band along each side of the plate with Dragendorffl 
spray. Impurity bands were scraped from the plate, stirred with 30 ml 
of methanol for 30 min, filtered, evaporated to dryness, redissolved in 
20 ml of chloroform, and evaporated to dryness. 


The purity of the isolated compound was checked by TLC and CLC. 
The injection port, detector block, and column temperatures were 250, 
250, and 140°, respectively, and the flow rates of nitrogen, hydrogen, and 
air were 13, 50, and 400 ml/min, respectively. The impurities were 
subjected to GLCmass  spectral analysis". 


Syntheses-Scheme I illustrates the syntheses of the following com- 
pounds. 


Table  I-Chromatographic Characterist ics 


TIL CLC 
'I'LC Detectahility Retention 


Compound R p  R f h  Limitc, pg Time, min 


I 0.46 0.78 2.5 
I I  0.24 0.74 2.5 


IV 0.75 0.84 0.25 


8.4d 
4.2' 
6.0' 


V 0.73 0.86 2.5 4.0' 


In the neutral system. b In the hasic system. c Applied with 250 pg of the drug. 
d 3% OV-210. Chromosorb W (hirh performance), 100-120 mesh, 170°, nitrogen 
flow of 38 ml/min e Same as footnote d except 140O and nitrogen flow 01 13 mll 
min 


m / e  77 (87)  


2-Hromopropiophenone (Vl)-In a 2.50-ml, three-necked round- 
bottom flask, 17.4 g (0.13 mole) o f  propiophenone (VII) (8) was dissolved 
in 100 ml of glacial acetic acid. A 135-ml normal solution of bromine in 
glacial acetic acid was added a t  Uo by a dropping funnel over 90 min. The 
agitation was maintained for an  additional 2 hr, and the mixture was 
diluted with water and extracted with ether. 


The  organic layer was washed, neutralized with sodium bicarbonate 
and dried over anhydrous sodium sulfate. The  mixture was filtered and 
evaporatedI2 a t  30' to yield 25.3 g (92%) of VI, bp10 125-128O [lit. (9) bp12 
130-132'); IR (film): 1690 (C=O), 710, and 685 (C-Hr) em-'. 


I-Phenyl-2-propenone (1V)-In a 500-ml, round-bottom tlask 
equipped with a condenser, 21.2 g (0.1 mole) of VI (10) was refluxed for 
1 hr in 180 ml of dimethylformamide containing 10.7 g of lithium car- 
bonate and 1.2 g of lithium bromide. The reaction mixture was diluted 
with water and extracted with ether, and the organic phase was washed 
with a saturated sodium carbonate solution. The ether phase was dried 
over anhydrous sodium carbonate, filtered, evaporated, and distilled to 


0 
m / e  77 (77)  m / e  149(2)  


-(CH ,CH ,NH 2) 


-(C=O) t 
I 1' 


mle 105(100)  m / e  132(41)  / - ( W e  ]-(C6Hs). 


+ 
CH,=-CH--C=O 


rnle 55 (10) mle 131 (29) 
Scheme 111 


Hewlett-Packard model 5985 and Varian MAT 311A mass spectrometers with 
electron energy of 70 ev. Rotavapor-R, Ruchi. Switzerland. 
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Table 11-Impurities in Trihexyphenidyl Tablets 


Dose, Impuritieso, % 
Lot mg I1 IV V 


2 NDh 0.4 ND 
5 Tr‘ 1.9 ND 
2 1.0 0.2 ND 
5 1.6 0.2 ND 
2 ND 0.2 ND 
5 0.1 ND ND 


Raw material - ND ND 1.6 
a Expressed as percentage of the label claim of drug in the hydrochloride form. * None detected. Trace. 


yield 5.3 g (40%) of crude IV, bp3 75-79’ [lit. ( 1  1) bp:! 5 74-76O1; IR (film): 
1680 (C=O) cm-’. 


3-Arninopropiophenone (V)--In a 300-mI, round-hottom flask, 5.3 
g (0.1 mole) of ammonium chloride, 4.5 g (0.15 mole) of formaldehyde 37% 
solution, and 0.2 ml of concentrated hydrochloric acid were dissolved in 
40 ml of ethanol (5). To this solution, 12.0 g (0.1 mole) of acetophenone 
(111) was added. The mixture was refluxed for 1.5 hr, another 9 ml of 
formaldehyde (37% solution) was added, and the mixture was refluxed 
Ior another 1.5 hr. 


Compound V was extracted into ether as the free base. The ether phase 
was dried over sodium sulfate and filtered, and hydrogen chloride gas was 
passed through the solution. The yield of the hydrochloride salt was 5.0 
g (33%) of V, mp (hydrochloride) 125-127’ [lit. (11) mp 128’1; IR (CHCln): 
1685 (C=O) and 3440 (NH2 vibration) cm-*. 


RESULTS AND DISCUSSION 
The identity of 3-piperidinopropiophenone (II), 1-phenyl-2-propenone 


(IV), and 3-aminopropiophenone (V) found in raw material and tablet 
formulations was established by comparison of TLC Rf values, GLC re- 
tention times, and mass spectral fragmentation patterns to those of 
synthetic samples. The authenticity of the synthetic samples was dem- 
onstrated by TLC, GLC, and mass spectra. 


The structure postulated for the impurities is supported by the mass 
spectral results, which conform to the fragmentation diagrams presented 
in Schemes I1 and 111. Detectability limits, Rf values, and GLC retention 


times for trihexyphenidyl, 3-piperidinopropiophenone, l-phenyl-2- 
propenone, and 3-aminopropiophenone are listed in Table I (Figs. 1 and 
2). Two lots of trihexyphenidyl hydrochloride, 10 lots of tablets, and one 
lot of elixir preparation from five manufacturers were screened for im- 
purities (Table 11). Five lots contained I1 a t  levels from 0.1 to 1.636, and 
half of the lots contained IV at levels from 0.1 to 1.9%. Compound V was 
found in two lots from the same manufacturer a t  levels of 1.0 to 1.6%. 


The presence of V may be the result of ammonium chloride in the pi- 
peridine hydrochloride used as a starting material in one synthetic process 
(5) (Scheme I). Compound I1 is an intermediate in the synthesis of tri- 
hexyphenidyl(5). The presence of IV, which was observed in low levels, 
may be due, according to previous investigators (12), to the hydrolysis 
of I1 or to an elimination reaction in the step involving the Grignard re- 
agent (11). 
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Abstract  A high-pressure liquid chromatographic procedure was 
developed for griseofulvin assay in human plasma. The method utilized 
warfarin as an internal standard and easily quantitated griseofulvin 
plasma levels as low as 0.10 pglml. The method was compared to two 
fluorometric assay methods and was more specific for griseofulvin. Assay 
of 6-demethylgriseofulvin isolated from human urine demonstrated that 
this material was not responsible for the interferences apparent in the 
fluorometric procedures. 


Keyphrases 0 Griseofulvin-analysis, high-pressure liquid chroma- 
tography, human plasma, compared to fluorometric assays Antifungal 
agents-griseofulvin, high-pressure liquid chromatographic analysis, 
human plasma, compared to fluorometric assays Fluorometry- 
analysis, griseofulvin in human plasma, compared to high-pressure liquid 
chromatography 


Griseofulvin is a poorly water-soluble, antifungal agent. 
This orally administered drug may be subject to reduced 
bioavailability, and particle-size reduction and preparation 
of polyethylene glycol dispersions have been employed to 
improve absorption from the GI tract (1,2). In view of the 


potential for griseofulvin dosage forms to exhibit poor 
bioavailability, a convenient and specific assay method for 
intact drug measurement in the plasma of patients or 
volunteer subjects receiving griseofulvin is needed. 


The most widely utilized analytical methods have em- 
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BOOKS 


REVIEWS 


Instrumental  Applications in Forensic Drug  Chemistry: Proceed- 
ings of t he  International Symposium, May 1930.1978. Edited by 
MICHAEL KLEIN, ALICE V. KRUEGEL, and STANLEY P. 
SOBOL. U S .  Government Printing Office (stock number 027-000- 
00770-8). Washington, D.C. Soft cover, 20 X 26 cm. 
This volume records the papers presented a t  an international sym- 


posium hosted by the Drug Enforcement Administration in Arlington, 
Va. on May 29 and 30,1978. This symposium brought together interna- 
t ional forensic scientists to highlight recent advances in instrumentation 
and methodology that have been applied to forensic drug analysis. The 
volume contains topics of interest to forensic scientists and clinical an- 
alysts. Twenty-three papers are included in four areas: spectroscopy, 
computer applications, chromatographic advances, and special topics. 
Contributors include recognized experts in their respective fields. 


In the spectroscopy section, a review (72 references) of mass spec- 
trometry is presented, and specific papers address the use of stable iso- 
topes for quantitation and the development of negative-ion mass spec- 
t rometry for forensic applications. Papers on Fourier transform IR and 
NMR applications complete this section. The computer applications 
section includes several papers on drug identification which emphasize 
spectra retrieval systems. Numerous general laboratory information 
systems used by various national and state government agencies also are 
described. 


Chromatographic instrumentation, methodology, and specific drug 
analyses are discussed. One paper describes a direct liquid inlet interface 
for coupling a high-performance liquid chromatograph with a quadrapole 
mass spectrometer. An extensive review (73 references) is given on the 
application of derivatization techniques in forensic drug analysis. In 
addition, GLC profiling of drug seizures using selective detectors is de- 
scribed. Chromatographic techniques used by the forensic toxicologist 
also are discussed. The final section of the volume includes papers on drug 
reference standards, a review of immunoassay with a detailed bibliog- 
raphy (445 references), and papers on light microscopy and the scanning 
electron microscope. 


This volume assimilates much useful information pertaining to drug 
analysis and captures the forensic perspective. An additional benefit is 
the list of symposium attendees, which provides many contacts for people 
working in this discipline. 


Reviewed by Lyal Hood 
U.S Customs Service 
Department of the Treasury 
Washington, DC 20229 


Body Temperature: Regulation, Drug  Effects, and Therapeutic 
Implications (Modern Pharmacology-Toxicology Series, Vol. 16). 
Edited by PETER LOMAX and EDWARD SCHONBAUM. Dekker, 
270 Madison Ave., New York, NY 10016.1979.680 pp. 16 X 24.5 cm. 
Price $59.75. 
This reference is the outcome of an awareness that the time was right 


for thorough consideration of the current understanding of the physio- 
logical mechanisms that affect body temperature and their modification 
by certain neuroregulators and several specific drug classes. I t  is the 
collective work of 40 contributors and contains 25 chapters with an added 
section on recent developments. 


The introductory chapters lead the reader through an extensive his- 
torical development of thermoregulation from the first article published 
in 1797 up to 1940 when the hypothalamus was generally acknowledged 
as the center for thermoregulation in mammals including humans. This 
introduction is followed by six chapters concerning postulated neural 
models for neuroregulation, hypothalamic and extrathalamic thermo- 
regulatory centers, heat production, heat transfer and loss, the effect of 
ions on body temperature, and the effect of drugs on thermoregulatory 
behavior. These chapters are followed by 12 chapters on specific body 
chemicals and drug classes and one chapter each on pyrexia, thermo- 
regulation in the newborn, malignant hyperthermia, accidental hypo- 


thermia, body temperature during general anesthesia, and clinical hy- 
pothermia. 


Convincing evidence published during the last 20 years is cited for the 
existence of extrahypothalamic thermosensitive neurons throughout the 
central nervous system. In addition, the data presented show clearly that 
there is an interaction of certain nodal points in the spinal cord, medulla 
oblongata, midbrain-pons, and the hypothalamus in the very complex 
physiological maintenance of thermoregulation. 


The material concerning the neurotransmitters serotonin, dopamine, 
norepinephrine, histamine, and acetylcholine is exhaustive and points 
out the varied hypothermic and hyperthermic responses observed among 
different species as well as in the same species and the variations observed 
when these agents are used uia different administration routes and a t  
different ambient temperatures. Specific sites and/or cells that  appear 
to respond to these"chemica1s are well documented. The reader should 
he aware that the reference material is filled with not only the most recent 
research articles but also contains enough of the past literature to use as 
a guide for future research. 


This book should be of value to anyone involved in thermoregulation, 
including clinicians and researchers in the pathophysiology or pharma- 
cotherapeutics of fever. 


Reviewed by Ronald F. Gautieri 
Department of Pharmacology 
School o f  Pharmacy 
Temple University 
Philadelphia, PA 19140 


T h e  Alkaloids. Chemistry and  Physiology. Vol. XVII. Edited by R. 
H. F. MANSKE and R. G. A. RODRIGO. Academic, 111 Fifth Ave., 
New York, NY 10003.1979. xx + 611 pp. 14 X 23 cm. Price $55.00. 
R. G. A. Rodrigo became coeditor of this classic series on alkaloids upon 


the death of the series' founder, Dr. R. M. F. Manske, who commissioned 
the reviews found in this volume. The high standards required by Dr. 
Manske are maintained in this excellent book. 
S. W. Pelletier and N. V. Mody wrote the first chapter which covers 


work published since July 1968 dealing with the structure and synthesis 
of' Clg-diterpenoid alkaloids. One section gives references to the 13CMR 
spectra of these alkaloids, and another section discusses some mass 
spectral fragmentation schemes since these two methods are invaluable 
in structural elucidation. Of particular interest is a catalog of 73 known 
Clg-diterpenoid alkaloids with their correct structures, physical prop- 
erties, plant sources, and key references. 


Chapter 2, by M. F. Grundon, deals with quinoline alkaloids related 
to anthranilic acid (0-aminobenzoic acid) which were reviewed in Vol. 
IX. Since then, more than 70 new quinoline alkaloids have been isolated, 
and this review brings the alkaloid chemist up to date on their Occurrence 
and structural determination. Syntheses for new quinolines and im- 
provements in existing syntheses are presented. The quinolines covered 
include 4~methoxy-2-quinolones, :%-prenyl-2-quinolones and related 
tricyclics, furoquinolines, 1,l- and 1,2-dimethylallyl alkaloids, and 2- 
a1 kyl- and 2-aryl-4-quinolones. 


In Chapter 3, G. A. Cordell reviews the monomeric Aspidosperma al- 
kaloids. This chapter is organized especially well considering the vast 
quantity of material generated since Vol. IX. The isolation and structural 
elucidation of new alkaloids are presented in detail. Particularly helpful 
;ire two tables that summarize the isolation of new and previously known 
Aspidosperma alkaloids, giving their plant sources, physical data, and 
references. Cordell devotes a section to the chemistry of' these alkaloids 
and then discusses the syntheses developed by various authors. The use 
of' '"CMR and X-ray crystallography for structural determination is 
covered, including a table of I3CMR chemical shifts for selected Aspi- 
dosperma alkaloids. The chapter format facilitates access to selected 
information, which should make this review a favorite for those interested 
in Aspidosperma alkaloids. 


The Papaveraceae alkaloids are reviewed in Chapter 4 by F. Santavy, 
who reviewed this group in Vol. XII. Alkaloids in this family are grouped 
by structure for the discussion of their structures, syntheses, biosyntheses, 
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and physical properties. An interesting table lists all known alkaloids 
isolated from each Papaveraceae species. A short section deals with the 
confusing chemotaxonomy of the family. This chapter involves a complex 
group of alkaloids, and Santavy has been quite thorough, as evidenced 
by the citation of 853 references. 


The final chapter, by R. S. Kapil and R. T. Brown, covers monoterpene 
alkaloid glycosides. Many alkaloids of this novel class were discovered 
alter biosynthetic studies that predicted their existence. They are con- 
densation products of secologanin with dopamine, tryptamine, and 
tryptophan derivatives and are considered biosynthetic precursors of the 
Ipecacuanha, terpenoid indole, and Camptotheca alkaloids. This class 
of alkaloids is expected ta expand as isolation methods become more 
sophisticated and different biosynthetic schemes are investigated. 


This volume, like its predecessors, should prove invaluable to alkaloid 
chemists. 


Reuiewed by Susan Tafur 
Philip Morris Research Center 
Richmond, VA 23261 


Pharmacological and Biochemical Properties of Drug Substances, 
Vol. 2. Edited by MORTON E. GOLDBERG. American Pharma- 
ceutical Association, 2215 Constitution Ave., N.W., Washington, DC 
20037. 1979.557 pp. 16 X 23 cm. Price $29.00 ($20.00 member rate). 
Volume 2 of this series reviews 20 new drug entities in various thera- 


peutic classes. The monographs discuss the chemistry, animal pharma- 
cology, metabolism and pharmacokinetics, toxicology, and clinical 
pharmacology of agents that represent prototypes for major therapeutic 
drug classes. The drug substances considered are amoxapine, butor- 
phanol, valproic acid, atenolol, bretylium tosylate,.disopyramide, me- 
t oprolol, labetalol, sulfinpyrazone, cephradine, doxycycline, miconazole, 
tamoxifen, auranofin, levamisole, penicillamine, acetylcysteine, ipra- 
tropium bromide, sincalide, and endorphins. The information conve- 
niently presented in this series concerning the biological properties of 
agents may be difficult to locate in other sources. In most instances, the 
monograph authors are associated with the company responsible for 
developing the drug and as such offer a unique perspective of the various 
stages of' discovery and testing. 


Staff Review 


NOTICES 


The Action of Drugs on Calcium Metabolism. Progress in Pharmacology. 
Vol. 2, No. 1.  Edited by P. A. van ZWIETEN and E. SCHONBAUM. 
Gustav Fisher Verlag, D-7000 Stuttgart 72 Postfach 720 143, West 
Germany. 1978.83 pp. 16 X 24 cm. 


Botanical Dermatology. Plants and Plant Products Injurous to the Skin. 
By .JOHN MITCHELL and ARTHUR ROCK. Lea & Febiger, 600 
South Washington Square, Philadelphia, PA 19106. 1979.786 pp. 13 
X 22 cm. Price $39.50. 


Evaluation and Optimization of Laboratory Methods and Analytical 
Procedures. A Survey of Statistical and Mathematical Techniques. 
By DESIRE L. MASSART, AUKE DIJKSTRA, and LEONARD 
KAUFMAN. Elsevier Scientific Publishing, 52 Vanderbilt Ave., New 
York, NY 10017.1978.596 pp. 16 X 24 cm. Price $57.75. 


Glycoproteins and Glycolipids in Disease Processes. ACS Symposium 
Series 80. By EARL F. WALBORG, Jr. American Chemical Society, 
1155 16th St., N.W., Washington, DC 20036.1978.479 pp. 15 X 23 cm. 
Price $33.50. 


Hospital-Associated Infections in The Compromised Host. (Handbook 
on Hospital-Associated Infections, Vol. 2.) Edited by GERALD P. 
BODEY and VICTOR10 RODRIQUEZ. Dekker, 270 Madison Ave., 
New York, NY 10016. 1979. 263 pp. 15 X 23 cm. Price $32.75. 


Hospital-Associated Infections in the General Hospital Population and 
Specific Measures of Control. (Handbook on Hospital-Associated 
Infections, Vol. 3.) Edited by DIETER GROSCHEL. Dekker, 270 
Madison Ave., New York, NY 10016.1979. 188 pp. 14 X 23 cm. Price 
$25.00. 


Molecular Interactions and Activity in Proteins. diba Foundation 
Symposium 60 (new series). ElseviedNorth-Holland, 52 Vanderbilt 
Ave., New York, NY 10017.1978.279 pp. 16 X 24 cm. 


Pharmacy Management for Students and Practitioners. 2nd Ed. By C. 
PATRICK THARP and PEDRO J. LECCA. C. V. Mosby, 11830 
Westline Industrial Drive, St. Louis, MO 63141. 1979.226 pp. 17 X 25 
cm. Price $15.95. 


Sex Hormones and Behavior. CIBA Foundation Symposium 62 (new 
series). ElseviedNorth-Holland, 52 Vanderbilt Ave., New York, NY 
10017.1979.382 pp. 16 X 24 cm. 


Sleeping Pills, Insomnia, and Medical Practice. Report of a Study from 
the Institute of Medicine. National Academy of Sciences, Washington, 
D.C. 1979.127 pp. 21 X 28 cm. Price $6.00. 


Recent Developments in Chromatography and  Electrophoresis. Pro- 
ceedings of the 9th International Symposium on Chromatography 
and Electrophoresis, Riva del Gara, 15-1 7 May 1978. Edited by AL- 
BERT0 FRIGERIO and LEIKA RENOZ. Elsevier/North-Holland, 
52 Vanderbilt Ave., New York, NY 10017.1979.357 pp. 19 X 24 cm. 
Price $58.50. 


Legemiddel-forbruket i Norge. En statistik fremstilling au legemid- 
del-forbruket i Norge for arena 1975-77 basert pa omsetnig av le- 
gemidler fra Norsk Medisinaldepot ti1 apotek og sykehus. Redaktor: 
Sjefsanalytiker Kare ydvin Norsk Medisinaldepot. 185 pp. 21 X 30 
cm. 


Reviews of Physiology, Biochemistry and Pharmacology. Vol. 82. Cat- 
echotamine Receptors, Synthesis and Secretion of Albumin, Gating 
Currents in Excitable Membranes. By R. H. ADRIAN e t  al. 
Springer-Verlag, 175 Fifth Ave., New York, NY 10010. 1978.213 pp. 
16 X 24 cm. Price $39.80. 


Reviews of Physiology, Biochemistry and Pharmacology. Vol. 83. 
Transport Processes in Formation of Cerebrospinal Fluid, Optical 
Measurement of Membrane Potential, Cell-Cell Adhesion, Phar- 
macogenetics, Biochemistry and  Pharmacology. By R. H. ADRIAN 
et al. Springer-Verlag, 175 Fifth Ave., New York; NY 10010.1978.196 
pp. 16 X 24 cm. Price $39.00. 


Serotonin in Health and Disease Vol. 111: The Central Nervous System. 
Edited by WALTER B. ESSMAN. Spectrum, 175-20 Wexford Ter- 
race, Jamaica, NY 11432. 1978.460 pp. 15 X 24 cm. Price $37.50. 


1474 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 11. November 1979 












1 .o P 8. 


0 


0 


0 . q  - 


0.044 


0 


0 


I 20 40 


HOURS 
Figure 4-Dicumarol absorption kinetics in four control (0) and four 
oral phenobarbital-treated (0) rats, all with ligated bite ducts. Plotted 
on the ordinate is the fraction of total absorbed dicumarol that was re- 
maining to be absorbed a t  various times after oral administration ofa  
50-mglkg dose. 


Dicumarol was absorbed much more slowly by bile duct-ligated animals 
(tm = 11 hr) than by normal rats (t 1/2 = 3 hr; Ref. 2). The reason for 
this difference is not evident from the available data. Bile duct-ligated 
control rats absorbed 140% of the oral dose while normal control rats 
absorbed >W’ under the same experimental conditions (2). Perhaps bile 
enhances absorption by increasing the dissolution rate of the almost 
water-insoluble dicumarol. It will be of interest to determine systemic 
dicumarol availability in rats with exteriorized bile ducts who are re- 


ceiving a concomitant intravenous bile infusion, i.e., animals that are not 
cholestatic or bile salt deficient and presumably have normal liver 
function but no bile in the intestine. 


Systemic dicumarol availability in normal rats was reduced from >80 
to <50% by phenobarbital treatment (2). No such absorption inhibitory 
effect was observed in bile duct-ligated rats. Dicumarol availability is 
likely to be affected by many factors such as the solubilizing effect of 
intestinal fluids, GI motility, and gut wall metabolism. (Significant 
first-pass hepatic biotransformation can be excluded on theoretical 
grounds; Ref. 6.) Since bile duct ligation changed the pathophysiological 
status of the animals (rather than only preventing bile entry into the 
intestine), the lack of a significant phenobarbital effect on systemic di- 
cumarol availability in bile duct-ligated rats cannot be ascribed to any 
one factor. However, the results of this investigation demonstrate that  
a drug-drug interaction such as the one between dicumarol and pheno- 
barbital may be pronounced in normal animals and either absent or less 
pronounced in animals with altered pathophysiological status. 


REFERENCES 


(1) P. M. Aggeler and R. A. O’Reilly, J. Lab. Clin. Med., 74, 229 


(2) J. W. Crow, M. Gibaldi, and G. Levy, J .  Pharm. Sci., 68, 958 


(3) C. D. Klaassen, J. Pharmacol. Exp. Ther., 176,743 (1971). 
(4) A. G. Gornall, C. J. Bardawill, and M. M. David, J. Eiol. Chem , 


(5) A. Yacobi, J. T. Slattery, and G. Levy, J Pharm. Sci., 66,941 


(6) C.-M. Lai, A. Yacobi, and G. Levy, J. Pharmacol. Exp. Ther., 199, 


(7) C.-M. Lai and G. Levy, J. Pharm. Sci., 67,337 (1978). 
(8) Ibid., 66, 1739 (1977). 
(9) R. Nagashima, G. Levy, and E. J. Sarcione, J. Pharm. Sci.. 57, 


1881 (1968). 
(10) F. Hutterer, H. Greim, D. Trulzsch, P. Czygan, and J. B. 


Schenkman. in “Progress in Liver Diseases,” vol. IV, H. Popper and F. 
Schaffner, Eds., Grune and Stratton, New York. N.Y., 1972, chap. 9. 


(1969). 


(1979). 


177,751 (1949). 


(1977). 


74 (1976). 


ACKNOWLEDGMENTS 


Supported in part by Grant GM 20852 and by postdoctoral fellowship 
5 F32 GM05653 (J. W. Crow) from the National Institute of General 
Medical Sciences, National Institutes of Health. 


Double Latin Square Study to Determine Variability and Relative 
Bioavailability of Methylprednisolone 


K. S. ALBERT”, S. W. BROWN, Jr., K. A. DeSANTE, 
A. R. DISANTO, R. D. STEWART, and T. T. CHEN 
Received December 15,1978, from The Upjohn Company, Kalamazoo, MI 49001. Accepted for publication May 4, 1979 


Abstract D The variability and relative bioavailability of methylpred- 
nisolone tablets were evaluated utilizing a double Latin square crossover 
design in which each of 20 subjects was given four of five treatments. 
Three different lots of methylprednisolone tablets exhibited virtually 
identical absorption, with similar ranges and coefficients of variation of 
some selected bioavailability parameters indicative of lot-to-lot unifor- 
mity in bioavailability. Within-lot and between-lot uniformities in bio- 
availability also were similar, suggesting that the observed variability 
in serum methylprednisolone levels was not due to manufacturing process 
variables. With respect to intra- uersus intersubject variability, no dif- 


ferences were found for the absorption rate or terminal half-life. In 
contrast, between-subject variability associated with extent of absorption 
was greater than that within subjects. Relative to an aqueous suspension, 
methylprednisolone tablets were fully bioavailable. 


Keyphrases 0 Methylprednisolone-bii)availability, tablet variahility, 
commercial preparations, Latin square study o Glucocorticoids- 
methylprednisolone, bioavailability, tablet variability, commercial 
preparations, Latin square study o Hioavailability-commercial 
methylprednisolone preparations 


On January 7,1977, the Food and Drug Administration 
published a list of rules and regulations for conducting 
bioequivalency studies in humans (1). Their intent was to 
assure product interchangeability by demonstrating that, 


on the average, two or more products would exhibit similar 
bioavailabilities. However, the rules and regulations appear 
to have ignored the variability in the bioavailability of a 
given product; and this variability might result in thera- 
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Table I-Dosage Schedule 


Treatment Assignments 
Subjects per Subjects in Phase Phase Phase Phase 


Group Group Group" I II 111 IV 
I 2 2, 17 A B D C  


I1 2 1,20 B C A D  
2 4.6 C D B A 


VIII 3 3; 10; 15 E A C B  


Subjecta were randomly assigned to each group. 


peutic failure or untoward drug reactions in a given seg- 
ment of the patient population. 


Variability for a product may be documented by eval- 
uating its lot-to-lot uniformity in bioavailability. By ad- 
ministering a t  least one of the lots on two separate occa- 
sions, information on variability within a given lot as well 
as between lots can be obtained. 


This paper describes results of a bioavailability study 
designed to document the lot-to-lot variability and relative 
bioavailability of methylprednisolone tablets. With respect 
to the rate and extent of absorption, within-lot and be- 
tween-lot uniformities in bioavailability were similar, 
suggesting that the observed variability in serum 
methylprednisolone levels was free from manufacturing 
influences. 


EXPERIMENTAL 


The 20 normal, nonobese male volunteers, whose average age wae 22 
years (19-27 years) and whose average weight was 74.8 kg (63-97 kg), 
exhibited normal vital signs and selected laboratory parameters and were 
without any evidence of cardiac, renal, or GI abnormalities. Subjects did 
not receive any repository steroid preparation for 60 days prior to the 
study or any other steroid or nonsteroid product, including topical 
preparations. for 14 days before the protocol was initiated. During the 
study, volunteers received only the medication prescribed, with 5 days 
separating each treatment. 


Subjects were fasted (food and beverage) from 1000 pm the night 
before their allocated treatment until 4 hr after their medication. Except 
for 180 ml of water taken with their medication at  zero time, no water was 
permitted for 1 hr before or for 2 hr after dosing; a t  all other times, it was 
taken ad libitum. Smoking was permitted if it was the usual custom of 
a subject. Volunteers remained ambulatory during each sampling day, 
not engaging in strenuous or athletic activities. 


Each volunteer received four of the following five 12-mg oral doses of 
methylprednisolone in crossover fashion, utilizing a double Latin square 
design (details are summarized in Table I): 


Treatment A -Three 4-mg methylprednisolone tablets at zero time, 
lot 1'. 


Treatment B-Three 4-mg methylprednisolone tablets at zero time, 
lot 22. 


Treatment C-Three 4-mg methylprednisolone tablets at zero time, 
lot 33. 


Treatment D-Fifteen milliliters of an aqueous suspension of 4 mg 
of methylprednisolone/5 ml a t  zero time. 


Treatment E-Three 4-mg methylprednisolone tablets at zero time, 
lot 1'. 


Lots of tablets tested were manufactured from different lots of bulk 
drug and were of typical production size. Tablets used in the study were 
randomly selected from one bottle for each lot. Whereas Treatments A-C 
represented different lots of methylprednisolone tablets, Treatments 
A and E were the same lot. Table I shows that Treatments A-C were each 
administered to 20 subjects. Treatment D was given to eight subjects, 
while Treatment E was given to 12 subjects. 


' C. T. Medrol. 4 mg, lot 278ER. The Upjohn Co., Kalamazoo, MI 49001. * C. T. Medrol. 4 mg. lot 778ER, The Upjohn Co.. Kalamazoo, MI 49001. 
C .  T. Medrol. 4 mg. lot 423ES, The Upjohn Co., Kalemazoo, MI 49001. 


HOURS AFTER DRUG ADMINISTRATION 
Figure I-Average serum methylprednisolone levels after oral ad- 
ministration of a 12-mg dose of three different lots of 4-mg tablets. Key: 
0-0, Treatment A; 0- - -0, Treatment B; and A-A, Treatment 
c. 


During each phase of the study, all subjects were given two tablets of 
dexamethasone, 0.75 m$. One tablet was taken 9 hr before and the sec- 
ond tablet was taken 9 hr after methylprednisolone administration. 
Dexamethasone was given to reduce the level of endogenous cortisol to 
preclude its interference in the radioimmunoassay for methylpredniso- 
lone. Dexamethasone itself does not cross-react with the radioimmuno- 
assay antibody for methylprednisolone (2). 


Blood samples were drawn a t  0.0.5,l.O. 1.5,2.0,3.0,4.0,6.0,8.0,12.0, 
14.0, and 16.0 hr after each methylprednisolone treatment. Serum was 
harvested from each specimen, frozen, and kept in a frozen state until 
assayed for methylprednisolone by the radioimmunoassay (2). 


RESULTS 


Average serum methylprednisolone concentrations and related bio- 
availability parameters obtained from the 20 subjects, each having re- 
ceived three different lots of methylprednisolone as 12-mg oral doses, 
are shown in Table 11. A summary of the statistical evaluation of the data 
(see Appendix) is given in Table 11. No significant differences among 
treatment average values were found a t  any sampling time. 


Figure I clearly shows that the average time courses in serum of 
methylprednisolone from the three lots tested were superimposable, 
suggesting identical rates and extents of drug absorption. The corre- 
spondence among the averages of individual peak serum concentrations 
and the times of their occurrence, average areas under the individual 
serum concentration-time curves through 16 hr and through infinity, and 
the averages of individual half-lives support this premise. These results 
indicate lot-to-lot uniformity in methylprednisolone bioavailability. 
Further evidence for this conclusion comes from Table 111, which shows 
that the ranges and coefficients of variation among the bioavailability 
parameters listed in Table I1 were similar. 


Methylprednisolone variability can also be evaluated by comparing 
between-lot variability in bioavailability to the variability within a given 
lot. This evaluation was accomplished using serum methylprednisolone 
levels from the 12 subjects who each received Treatments A-C and E and 
simultaneously verifying the equivalency of variances within lots and the 
equivalency of covariances between lots. Results of the statistical analysis 
for the area under the curve, peak maximum, time to peak, and half-life 
are summarized in Table IV; details are given in the Appendix. All of the 
statistics were not significant a t  the 5% level. Therefore, within-lot and 
between-lot uniformities in methylprednisolone bioavailability appar- 
ently were similar, suggesting that the manufacturing process had little 
to do with the observed variability associated with the temporal change 
o f  methylprednisolone in serum. 


On the assumption'that Treatments A and E were identical, a com- 
parison can be made of the inter- uersus intrasubject variability in 
methylprednisolone bioavailability. This comparison was accomplished 
for the parameters peak maximum, time to peak, area under the curve 
through infinity, and half-life utilizing statistical methodology that 
permitted an estimate and confidence interval for the ratio of between- 
subject to within-subject variability. According to the method (see Ap- 
pendix), if the left end-point of the confidence interval exceeds unity, 
then intersubject variability is greater than intrasubject variability, the 


~ ~~ ____ 


' Decadron, Merck Sharp and Dohrne, West Point, Pa. 
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Table 11-Average Methylprednisolone Serum Concentrations and Related Bioavailability Parameters for the 20 Subjects Who Each 
Received Three Lots of Methylprednisolone a 


Parameter Treatment A Treatment B Treatment C 


Average serum levels of methylprednisolone, ng/ml, at: 
0.5 hr 
1.0 hr 
1.5 hr 
2.0 hr 
3.0 hr 
4.0 hr 
6.0 hr 
8.0 hr 


10.0 hr 
12.0 hr 
14.0 hr 
16.0 hr 


Average of individual peak serum concentrations, ng/ml 
Average time of individual peak serum concentrations, hr 
Average area under individual serum concentration-time curveb, 


Through 16 hr 
0 - -  - - -  ~. ..- 


Through infinity 
Half-life, hrb 


ngfml X hr 


33.9 
73.1 
85.4 
85.2 .~ ~ 


73.1 
60.4 
34.1 
19.2 
11.8 
7.13 
4.33 
2.02 


1.84 
91.2 


479 
489 


2.63 


32.8 
72.8 
81.4 
82.4 
69.9 
55.4 
31.5 
17.9 
11.0 
6.62 
3.40 
1.81 


1.66 
91.7 


45 1 
462 


2.61 


40.7 
77.8 
86.7 
86.1 ~~ ~ 


71.9 
57.4 
32.3 
18.7 
11.7 
6.76 
3.57 
1.85 


1.54 
94.2 


473 
480 


2.59 


0 Comparisons were made using an ap roximation to the t test by adjusting for unequal variances between Latin squares (see Appendix). The mean differences between 
Treatmenta A uersus B, A uer~us  C, a n f B  uersus C were not significant for any parameter at any time. See Appendix for calculation method. 


Table 111-Ranges and Coefficients of Variation among Selected Bioavailability Parameters 


Parameter 


Range Percent SD 
Treatment A Treatment B Treatment C Treatment Treatment Treatment 
Low High Low High Low High A B C 


Peak plasma level, ng/ml 58.5 124 64.1 129 61.9 123 18.9 21.1 20.1 
Time to eak, hr 1.0 4.0 1.0 3.0 1.0 3.0 48.1 36.6 32.9 
Area unfer curvea through 16 hr, ng/ml X hr 247 643 243 662 271 818 22.1 26.3 28.3 
Area under curvea through infinity, 255 655 251 691 278 854 22.0 26.5 28.7 


Half-life. hro 2.16 3.14 2.10 3.28 2.21 3.32 10.7 12.8 11.5 
ng/ml X hr 


0 See Appendix for calculation method. 


magnitude of which is given by the value of the ratio. In contrast, if the 
left end-point of the constructed interval is less than unity, between- and 
within-subject variabilities are probably similar because between-subject 
variability is small. 


Table V shows that the left end-point of the confidence interval ex- 
ceeded unity only for the area under the curve through infinity. There- 
fore, it can be concluded that with respect to the extent of absorption, 
intersubject variability was about sixfold greater than intrasubject 
variability. For the absorption rate (as measured by peak maximum and 
time to peek) and the half-life (an indicator of disposition), inter- and 
intrasubject variabilities were similar. 


Bioavailability estimates relative to an aqueous methylprednisolone 
suspension were determined for the eight subjects who received this 
treatment in addition to the three lots of methylprednisolone. Table VI 
summarizes the individual bioavailability estimates, which were calcu- 
lated as ratios of the area under the curve through infinity. The only 
significant differences were between the means F A / F D  = 1.04 versus 
F8/FD = 0.931. However, since the three lots were already judged bioe- 
quivalent based on data from 20 subjects (Table I1 and Fig. l ) ,  it was 
possible to conclude that this observed difference based on eight subjects 
was biopharmaceutically meaningless. A grand bioavailability ratio 
(based on 24 observations) was calculated. The overall value of 0.990, 
which was not significantly different from unity, illustrates that  
methylprednisolone tablets were fully bioavailable relative to an aqueous 
suspension given orally. 


DISCUSSION 


A limited number of studies have been published addressing lot-to-lot 
uniformity in bioavailability. In 1973, Butler (3) compared two lots of 
a chemically equivalent oxytetracycline product against a recognized 
standard and found that one lot was clearly bioinequivalent. Subse- 
quently, DiSanto et al. (4) demonstrated a pronounced lot-to-lot vari- 
ability in nitrofurantoin bioavailability; four lots that were tested against 
an appropriate reference standard exhibited relative bioavailabilities of 
6,27,80, and 96%. More recently, Stoll et al. (5) compared the within-lot 
uniformities of two digoxin preparations and found one brand to be sig- 
nificantly more variable than the other. Until now, however, no study has 


addressed both within-lot and between-lot uniformities in bioavail- 
ability. 


The selection of a five-treatment study design to document the intra- 
and interlot uniformity in absorption and the relative bioavailability of 
methylprednisolone tablets was based on a set of rated objectives and 
a desire to limit the number of phases to four. Therefore, a five-way Latin 
square study was precluded. Since the most important objective was the 
demonstration of between-lot uniformity, a decision was made to 
administer each of three different lots of drug to all 20 subjects (Treat- 
ments A-C). More weight was also placed on the intra- to interlot com- 
parisons than on the bioavailability estimate relative to the aqueous 
suspension. Accordingly, 12 subjects each received one lot of tablets on 
a second occasion (Treatment E) while eight subjects each received the 
aqueous suspension (Treatment D). The overall design was, in essence, 
a combination of two Latin squares, referred to herein as a double Latin 
square. As shown in Table I, the eight-subject square was used to estimate 
bioavailability relative to the aqueous suspension, the 12-subject square 
was used to estimate intrahnter effects, and the two squares were com- 
bined to estimate between-lot uniformity in bioavailability. 


The assessment of intrasubject uersus intersubject variability required 
the assumption that Treatments A and E were identical. Since they 
represented tablets from the same lot of drug and since in uitro physi- 
cochemical tests (such as dissolution rate, disintegration time, and con- 
tent uniformity) indicnted that the lots were homogeneous, these as- 
sumptions appeared to be valid. In addition, the statistical methodology 
requires that period effects normally tested for during individual Latin 
square analyses of variance be absent or ignored if present. No such ef- 
fects were observed in the 12-subject A, B, C, E square5, facilitating the 
statistical evaluation. A future publication will deal with a design that 
can accommodate order effects without biasing the statistical conclu- 
sions. 


In evaluating the statistical results of a comparison of intersubject 
uersus intrasubject variability, the magnitude of the variance and re- 
sulting coefficient of variation for the tested bioavailability parameter 
should be considered since they are measures of the sum of the two 
variations. Where within-subject and between-subject variabilities are 


~ .~~ 


Data available from the authors upon request 
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Table IV-Comparison of Between-Lot and Within-Lot 
Variabilities in the  Bioavailability of Methylprednirolone for  
12 Subjects Receiving Treatments  A-C and  E. 


Table V-Intersubject versus Intrasubject Variability in 
Methylprednieolone Bioavailability for  12 Subjects Receiving 
Treatments  A-C and  E 


Square Root of 
Common Variability 
Within- Between- x-Square .. 


Lot Lot Statistic 
Parameter Variance Covariance (8 df )  


Area under curve* through infinity 117 97.5 11.3 
Peak maximum 19.4 13.7 3.40 
Timeto eak 0.75 -0.3c 8.76 
Half-life ! 0.26 0.20 9.09 


No significant differences were found. See Appendix for calculation method. 
Negative value probably due to sampling variation. 


similar and the coefficient of variation is sizable (e.g., -504), large in- 
trasubject variations would be anticipated, suggesting that cllnical failure 
may occur for a given segment of the patient population. Both disposition 
and absorption parameters should be evaluated since the former is drug 
related while the latter is product related. Accordingly, a less variable 
drug or less variable product might be dictated. 


For the case of a large coefficient of variation where intersubject 
variability is significantly different than intrasubject variability, an 
unbiased estimate of the variance ratio of between-subject to within- 
subject data should be calculated so that the magnitude of the intra- 
subject contribution can be determined. Its therapeutic effect can, 
therefore, be evaluated to permit a more rational decision of product 
substitution. In contrast, when the coefficient of variation is small (254, 
as observed here for the area under the curve), loss of therapy or untoward 
reactions due to the variability of a particular product would not be an- 
ticipated regardless of whether intersubject and intrasubject variabilities 
were significantly different6. A future report will address the influence 
of variability of bioavailability assessment as it relates to product inter- 
changeability. 


In summary, the lot-to-lot uniformity and relative bioavailability of 
methylprednisolone tablets along with an estimate of intrasubject and 
intersubject variations have been documented in humans. Based on the 
uniformity between lots and within lots, the small intersubject and in- 
trasubject variations in absorption, and the fact that, on the average, 
tablets were fully bioavailable relative to an aqueous drug suspension, 
it can be concluded that the dosage form tested was optimal with respect 
to bioavailability. 


APPENDIX 


Comparisons among Treatments  A-C-Data from two Latin 
squares were combined with equal weight to yield comparisons of A 
versus B, B versus C, and A versus C. Since the residual variations dif- 
fered, for the most part, between the two squaress, an approximation to 
the t statistic was employed: 


- 
d t’ = - sa 


where: 


(Eq. A1) 


(Eq. A2) 


and: 


(Eq. A4) 


where X; represents a given average of individual observations from either 
square 1 (i = 1 )  or square 2 (1  = 2), with the superscripts referring to a 
specified treatment within each square; ST refers to the residual mean 
square from the analysis of variance; n, is the number of subjects; and 
the subscripts refer to either square 1 or square 2. 


The value of t i  such that larger observed values are judged significant 
is calculated using Eq. A5: 


I W l t l  +W2t2 t ,  = 
W I  + w2 


(Eq. A5) 


8 Care should be exercised in interpreting data having a small coefficient of 
variation resulting from data with a large variance. 


954 Confidence 


1.76 I BIW I 20.1 


Parameter Interval for BIWO B/Wb 


Area under curveC through infinity 5.9 
Peak maximum 0.328 I BIW I 3.74 - 
Time to peak 0.033 -< BIW I 0.379 - 
Half-lifec 0.216 I BIW I 2.46 - 


~ 


a Calculated according to Eq. A13. Calculated according to Eq. AlPonly where 
left end-point of 95% confidence interval exceeded unity. See Appendix for cal- 
culation method. 


where t ,  is the critical values for the i th square with (n, - 2)(k - 1) de- 
grees of freedom, w, = S,2/2n,, and k is the number of treatments (6). 


For purposes of testing, t i  need not be calculated if t’ < min ( t l ,  t 2 )  or 
t’ > max ( t l ,  t 2 ) .  


Comparison of Between-Lot and  Within-Lot Variabilities-To 
compare between-lot and within-lot variabilities, the equality of 
within-lot total variance and between-lot covariance must be simulta- 
neously tested. 


The covariance matrix, S, for the 12 subjects who each received 
Treatments A-C and E is first computed, permitting the overall average 
variance and the overall average covariance to be estimated. The average 
covariance matrix, SO, is then obtained by setting all treatment variances 
equal to the overalfaverage variance and all treatment covariances equal 
to the overall average covariance. 


Then, according to Box (7): 


M = -(n - 1 )  In (det Sldet SO) (Eq. A6) 


k(k  + 1)2(2k - 3) 
6(n - I)(k - l ) (k*  + k - 4) C -  0%. A71 


k 2 + k - 4  
/ =  (Eq. A8) 


where n is the total number of subjects, k is the number of treatments, 
det S is the determinant of the matrix S ,  det So is the determinant of the 
matrix SO, and / is the computed degrees of freedom. 


Under the null hypothesis of simultaneous equalities of variances and 
covariances, the following X 2  statistic can be computed whose sampling 
distribution is approximated by a X-square with degrees of freedom /: 


x2 = ( 1  - C)M (Eq. A91 


Comparison of Inter-  versus Intrasubject Variability-Be- 
tween-subject variability was estimated under the assumption that 
Treatments A and E were identical. Period effects were not present. 


Table  VI-Individual Bioavailability Estimates for  
Methylprednieolone Tablets Relative to a n  Aqueous 
Methylprednisolone Suspension fo r  Eight Subjects Receiving 
Treatments  A-D 


Subject 
~ ~~ ~ ~ ~~~ 


1 0.775 
2 0.955 
4 0.991 
5 1.11 
8 1.06 


17 1.11 
19 1.28 
20 1.04 
Mean 1.04 
SD, To 14.0 
Level of significance between pairs* 


FAIFD versus FEIFD 
FAIFD versus FCIFD NS 
FRIFD versus FCIFD NS 


p = 0.001 


Grand mean = 0.990c 
Grand percent SD = 13.3 


~ _ _ _  


0.762 
0.849 
0.806 
0.988 
0.966 
0.969 
1.16 
0.946 
0.931 


13.4 


0.954 
0.894 
0.844 
0.932 
1.04 
1.16 
1.04 
1.04 
1 .oo 


11.4 


Individual ratios of areas under the curve through infinity for tablet lots 
(Treatmenta A-C) divided by aqueous suspension (Treatment D). See Appendix 
for calculation method. Comparison was made using a paired t test. c Not sta- 
tistically significantly different from unity using t test. 
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Then: 


(Eq. A10) 
between-subject = E S,' 
sumofsquares 2 24 


with 11 degrees of freedom, S, = X,, + X I € ,  and: 
within-subject - 12 ( X c A  - X,,)2 
sum of squares - 5' (Eq. A l l )  


2 
with 12 degrees of freedom. 


following Treatments A and E, respectively. 


variability is given by Eq. A12: 


In Eqs. A10 and A l l ,  XI, and X , ,  refer to individual subject data 


An estimate of the ratio of between-subject variability to within-subject 


(Eq. A12) 


when MSbetwveen and MSwlthon represent the between-subject mean square 
and within-subject mean square, respectively, obtained by dividing the 
appropriate sum of squares by the corresponding number of degrees of 
freedom; and k is the number of treatments. 


The 95% confidence interval for EIW is given by: 


If the left end-point of the constructed interval exceeds unity, between- 
subject variability is considered greater than within-subject variability, 
the magnitude of which is given by Eq. A12. 


Area under Curve and Half-Life Estimation-The area under the 


NOES 


curve ( A U C )  was calculated for each subject following each treatment 
by the following equation: 


AUC,  = AUCT -t ~ T / D  (Eq. A14) 


where AUC, is the area under the curve through infinity, AUCT is the 
area estimated by the trapezoidal rule up to time T, T is the last sampling 
time (usually 16 hr) when the observed concentration was above the 
sensitivity limit of the radioimmunoassay, 6 is the apparent elimination 
rate constant obtained by the method of least squares in the terminal 
log-linear phase, and CT is the estimated serum concentration a t  time 
7' observed by use of the exponential equation that defines the log-linear 
region. 


The half-life (t1/2) was estimated by the equation: 


t 112 = 0.6931fl (Eq. A15) 
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Abstract 0 A high-pressure liquid chromatographic technique was 
developed for the separation of penicillin G potassium and several of its 
decomposition products. The method utilized a buffered acetonitrile- 
phosphate mohile phase on a reversed-phase Cla column. Separation of 
penicillin G potassium and six degradation products was attained within 
25 min. 


Keyphrases Penicillin G potassium-analysis, high-pressure liquid 
chromatography, separation from degradation products D High-pressure 
liquid chromatography-analysis, penicillin G potassium, separation 
from degradation products o Antibacterial agents-penicillin G potas- 
sium, high-pressure liquid chromatographic analysis, separation from 
degradation products 


The separation of penicillin G from mixtures of peni- 
cillin or related decomposition products was reported 
previously (1-7). Separation methods include TLC (1-3), 
GLC (4, 5), and high-pressure liquid chromatography 
(HPLC) (6, 7). Continuing interest in this area is due in 


part to ongoing efforts to identify the causative agents in 
penicillin allergy. Most degradation products formed 
during penicillin G hydrolysis can elicit an allergic response 
(8). 


This report describes an HPLC technique which sepa- 
rates penicillin G potassium and six decomposition prod- 
ucts within 25 min. 


EXPERIMENTAL 


Materials-Penicillin G potassium' and D,L-penicillamine* were 
obtained commercially and used as received. Benzylpenicilloic acid, 
benzylpenillic acid, benzylpenilloic acid, and benzylpenamaldic acid were 
prepared using standard procedures (9-11). Acetonitrile3 was spectral 


' Lot W732511. Wyeth Laboratories, West Chester, Pa 
*Sigma Chemical Co., St. Louis. Mo. 


Matheson, Coleman and Bell, Norwood, Ohio. 
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PHARMACEUTICAL EXCIPIENTS 
COME OF AGE 


For a great variety of reasons, but all with the objective of serving the needs of 
its membership specifically and the needs of the profession of pharmacy and the 
health care community in general, APhA has embarked on a broad publication 
program which now includes a complete spectrum of journals, pamphlets, work- 
books, textbooks, audio-visual aids, newsletters, and so on. If it is true that “Heinz 
has pickles,” then it can equally be said that “APhA has publications!” 


Given the fact that the Association is knee-deep in the products of its publications 
program, something really special would need to come along for us to devote this 
column to a discussion of just one of these literary undertakings. Moreover, if the 
end-product of that undertaking is still a couple of years off, then it needs to be more 
than special but even extra-special. And, in our opinion, the prospective item we 
have in mind looks as if it will be just that. 


For many years, pharmaceutical scientists have devoted considerable time, at- 
tention, and effort to devising definitions, tests, standards, assays, specifications, 
and the like for drug entities and drug dosage forms. Indeed, they did such a good 
job that Congress legally recognized two products of this activity-the United 
States Pharmacopeia and the National Formulary-as “official compendia,” and 
mandated that bulk drug substances and marketed drug dosage forms comply with 
the standards or be subject to enforcement actions on legal grounds of misbranding 
or adulteration. 


In formulating drug dosage forms, pharmaceutical research and development 
staff will generally utilize a variety of substances that are intended to transform 
the simple drug active ingredient into a pharmaceutically elegant dosage form. 
These substances are broadly referred to as pharmaceutical excipients, aids, or 
adjuncts, and while contributing to the overall quality of the product, they are not 
intended to have any physiological effect of their own. They impart improved 
properties such as appearance, flavor, stability, ease of administration, and con- 
venience. 


Although standards, specifications, and the like have also been devised for some 
of these excipients, neither the breadth nor the depth of these efforts has compared 
to that devoted to the drug entities and dosage forms. Moreover, no concerted effort 
has been made to pull all this information together in a single reference source where 
it would be conveniently available as well as presented in a uniform and consistent 
format. Finally, the kinds of information most useful to a pharmaceutical scientist 
involved in product formulation are often quite different from those that may be 
appropriate f o r  an excipient which is recognized in a compendium of tests and 
standards. 


Given this background, a pharmacist and pharmaceutical scientist with a long 
background in drug product formulation, research, development, analysis, and 
specifications concluded that the time was over-ripe for someone to respond to this 
need. The man of vision in this case is Jack Cooper, a person who has been long 
active in APhA, its old Scientific Section and Industrial Pharmacy Section, and 
then the initial Past President when the APhA Academy of Pharmaceutical Sciences 
was created in the mid-1960’s. 


Approximately three years ago, Mr. Cooper conceived of the idea of developing 
a Handbook of Pharmaceutical Excipients, and then went about the job, virtually 
single-handedly, of convincing others of the value and need for such a compilation. 
In this process, he took his proposal to the APhA Academy of Pharmaceutical 
Sciences, and he won their endorsement, support, and agreement to take on the 
task as an Academy-sponsored project. He also recruited some 120 pharmaceutical 
scientists for service as volunteer collaborators on the various committees to identify 
and select excipients for inclusion, LO ascertain and compile information currently 
known about those excipients, to develop new information in order to fill gaps in 
what is known, to verify literature values and data, and to prepare the resultant 
information in an orderly, organized monograph format. 


Presently, Mr. Cooper reports that the project is moving steadily along, hut it 
is still too early to predict a completion date. We do, however, wish to take this 
opportunity to congratulate the APS for taking on the sponsorship of this important 
project, and to salute Jack Cooper for his vision, determination, and dedication in 
undertaking immediate responsihility for its development. A t  the same time, we 
would encourage any of our readers with an interest in this subject to volunteer their 
efforts. As Project Chairman, Mr. Cooper can use all the assistance he can get. In 
his own words, *‘ . . . it has become increasing clear thut a direct relationship exists 
betwen the amount of technical data in the monographs and  the potential ualue 
of the hook to pharmaceutical scientists.” 












Table 11-Impurities in Trihexyphenidyl Tablets 


Dose, Impuritieso, % 
Lot mg I1 IV V 


2 NDh 0.4 ND 
5 Tr‘ 1.9 ND 
2 1.0 0.2 ND 
5 1.6 0.2 ND 
2 ND 0.2 ND 
5 0.1 ND ND 


Raw material - ND ND 1.6 
a Expressed as percentage of the label claim of drug in the hydrochloride form. * None detected. Trace. 


yield 5.3 g (40%) of crude IV, bp3 75-79’ [lit. ( 1  1) bp:! 5 74-76O1; IR (film): 
1680 (C=O) cm-’. 


3-Arninopropiophenone (V)--In a 300-mI, round-hottom flask, 5.3 
g (0.1 mole) of ammonium chloride, 4.5 g (0.15 mole) of formaldehyde 37% 
solution, and 0.2 ml of concentrated hydrochloric acid were dissolved in 
40 ml of ethanol (5). To this solution, 12.0 g (0.1 mole) of acetophenone 
(111) was added. The mixture was refluxed for 1.5 hr, another 9 ml of 
formaldehyde (37% solution) was added, and the mixture was refluxed 
Ior another 1.5 hr. 


Compound V was extracted into ether as the free base. The ether phase 
was dried over sodium sulfate and filtered, and hydrogen chloride gas was 
passed through the solution. The yield of the hydrochloride salt was 5.0 
g (33%) of V, mp (hydrochloride) 125-127’ [lit. (11) mp 128’1; IR (CHCln): 
1685 (C=O) and 3440 (NH2 vibration) cm-*. 


RESULTS AND DISCUSSION 
The identity of 3-piperidinopropiophenone (II), 1-phenyl-2-propenone 


(IV), and 3-aminopropiophenone (V) found in raw material and tablet 
formulations was established by comparison of TLC Rf values, GLC re- 
tention times, and mass spectral fragmentation patterns to those of 
synthetic samples. The authenticity of the synthetic samples was dem- 
onstrated by TLC, GLC, and mass spectra. 


The structure postulated for the impurities is supported by the mass 
spectral results, which conform to the fragmentation diagrams presented 
in Schemes I1 and 111. Detectability limits, Rf values, and GLC retention 


times for trihexyphenidyl, 3-piperidinopropiophenone, l-phenyl-2- 
propenone, and 3-aminopropiophenone are listed in Table I (Figs. 1 and 
2). Two lots of trihexyphenidyl hydrochloride, 10 lots of tablets, and one 
lot of elixir preparation from five manufacturers were screened for im- 
purities (Table 11). Five lots contained I1 a t  levels from 0.1 to 1.636, and 
half of the lots contained IV at levels from 0.1 to 1.9%. Compound V was 
found in two lots from the same manufacturer a t  levels of 1.0 to 1.6%. 


The presence of V may be the result of ammonium chloride in the pi- 
peridine hydrochloride used as a starting material in one synthetic process 
(5) (Scheme I). Compound I1 is an intermediate in the synthesis of tri- 
hexyphenidyl(5). The presence of IV, which was observed in low levels, 
may be due, according to previous investigators (12), to the hydrolysis 
of I1 or to an elimination reaction in the step involving the Grignard re- 
agent (11). 
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Abstract  A high-pressure liquid chromatographic procedure was 
developed for griseofulvin assay in human plasma. The method utilized 
warfarin as an internal standard and easily quantitated griseofulvin 
plasma levels as low as 0.10 pglml. The method was compared to two 
fluorometric assay methods and was more specific for griseofulvin. Assay 
of 6-demethylgriseofulvin isolated from human urine demonstrated that 
this material was not responsible for the interferences apparent in the 
fluorometric procedures. 


Keyphrases 0 Griseofulvin-analysis, high-pressure liquid chroma- 
tography, human plasma, compared to fluorometric assays Antifungal 
agents-griseofulvin, high-pressure liquid chromatographic analysis, 
human plasma, compared to fluorometric assays Fluorometry- 
analysis, griseofulvin in human plasma, compared to high-pressure liquid 
chromatography 


Griseofulvin is a poorly water-soluble, antifungal agent. 
This orally administered drug may be subject to reduced 
bioavailability, and particle-size reduction and preparation 
of polyethylene glycol dispersions have been employed to 
improve absorption from the GI tract (1,2). In view of the 


potential for griseofulvin dosage forms to exhibit poor 
bioavailability, a convenient and specific assay method for 
intact drug measurement in the plasma of patients or 
volunteer subjects receiving griseofulvin is needed. 


The most widely utilized analytical methods have em- 
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ployed plasma extraction followed by fluorescence de- 
tection (3,4).  The method of Schwarz et al. (3) is a modi- 
fication of the earlier procedure of Shah et al. (4), but the 
two methods have not been compared directly. Schwarz 
et al. (3) also described a GLC method, using electron- 
capture detection. They compared their fluorometric and 
GLC procedures (3) and found that the assayed plasma 
griseofulvin levels were -30% higher using the fluorometric 
method. These authors felt their data indicated an inter- 
ference in the fluorometric assay by 6-demethylgriseo- 
fulvin, a griseofulvin metabolite. 


More recent investigators (5) reported a high-pressure 
liquid chromatographic (HPLC) procedure for plasma 
griseofulvin levels. The method was very rapid, involving 
only a protein precipitation step prior to chromatographic 
analysis, but did not include an internal standard. The 
drug was quantitated using a fluorescent detector. 


The present study investigated the potential interfer- 
ence of 6-demethylgriseofulvin in the fluorometric meth- 
ods (3,4). In addition, an HPLC method was developed to 
provide a procedure utilizing an internal standard that 
could be applied to the assay of plasma griseofulvin levels 
in humans. 


EXPERIMENTAL 


Reagents and Chemicals-The following were used: griseofulvinl; 
glass-distilled methanol2, ether2, and hexane2; and warfarin sodium3. 


Comparison of Fluorometric Procedures-Pooled plasma samples 
were prepared containing 0.1,0.2,0.4,0.6,0.8, and 1.0 pg/ml of griseo- 
fulvin. These plasma samples were assayed utilizing the procedures of 
Shah et al. (4) and Schwarz et al. (3). In both methods, the final fluo- 
rescence4 reading was determined using 5 drops of sulfuric acid for 
complete sample quenching. 


HPLC Method-The procedure utilized warfarin sodium as an in- 
ternal standard. The extraction method was essentially that of Shah et 
al. (4), except that the plasma was adjusted to pH 5 with hydrochloric 
acid before extraction to facilitate warfarin removal. One-milliliter ali- 
quots of pooled plasma were spiked with 1-ml aqueous griseofulvin so- 
lutions to simulate plasma griseofulvin levels of 0.1,0.2,0.4,0.6,0.8. 1.0, 
1.5, and 2.0 pglml. To this mixture were added 1 ml of a 150-pglml 
aqueous warfarin sodium solution, 0.1 ml of 1 N HCI, and 10 ml of 
ether. 


The mixture was extracted for 10 min in a 50-ml screw-capped cen- 
trifuge tube5 and centrifuged a t  3000 rpm a t  -10' for 15 min. The tube 
was then dipped into a dry ice-acetone bath until the aqueous phase was 
frozen. The ether layer was decanted into a 20-ml screw-capped centrifuge 
tube and evaporated under nitrogen at 40'. The residue was taken up in 
50% methanol and shaken for 5 min with hexane. After centrifuging for 
15 min a t  3000 rpm and -loo, the hexane layer was removed and dis- 
carded. A 5O-pl aliquot of the methanolic solution was injected into the 
chromatograph. 


The HPLC system consisted of a sample injector6; a mobile phase 
pump7 operated a t  2.2 ml/min (pressure 2000 psi); a reversed-phase 
column*; a fluorescence detectorg, using300 and 418 nm as the excitation 
and emission wavelengths, respectively, and a range setting of 1.0 pamp; 
and a variable-speed recorderlo operated a t  0.25 c m h i n .  The mobile 
phase consisted of 61.5% methanol and 38.5% of 0.5% acetic acid in water. 
Standard curves were obtained by plotting peak height ratio (griseo- 
fulvin/warfarin) versus griseofulvin concentration. 


Griseofulvin Metabolite Isolation-A 24-hr urine collection was 


I Sigma Chemical Co., St.  Louis. Ma. 


' Aminco-Bowman spectrophotofluororneter. American instrument Co., Silver 


Burdick & Jackson Laboratories, Muskegon, Mich. 
Lot H69-522m. provided by Endo Laboratories, Garden City, N.Y. 


do. 14-930-105, Fisher Scientific, Pittsburgh. Pa. 
Model M K ,  Waters Associates, Milford, Mass. ' Model M6000, Waters Associates, Milford, Mass. 
pBondapak CIS, Water Associates, Milford, Mass. 
Model FS 970, Schoeffel Instrument Carp., Westwood. N.J. 


lo Recordall series 5(H)O, Fisher Scientific, St.  Louis, Ma. 
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Figure I-Plasma griseofulvin levels for a subject receiving a 500-rng 
tablet. Fluorornetric assays were performed using the method of Schwarz 
e t  al. (3) (01 and Shah e t  al. ( 4 )  (t). 


obtained from a volunteer who had ingested two 500-mg griseofulvin 
tablets1'. The 2145 ml of urine was adjusted to pH 4 with hydrochloric 
acid and extracted in -300-ml portions. Each urine aliquot was extracted 
twice with 300 ml of ether, and the combined ether extracts were evap- 
orated under nitrogen. The -100 ml of aqueous residue remaining after 
ether evaporation was then extracted four times with 100-ml portions 
of ether. The -50 ml of aqueous residue remaining after evaporation of 
the 400 ml of ether extract was then extracted twice with 100 ml of'ether. 
The -25 ml of aqueous residue remaining after evaporation of the 200 
ml of ether extract was further extracted with two 100-ml portions of 
ether. The 10 ml of aqueous residue remaining after evaporation of the 
200 ml of ether extract was finally extracted five times with 50 ml of 
ether. 


The 250 ml of ether was evaporated, and the -5 ml of deep-red aqueous 
residue was utilized in the TLC separation. With a 10-pl pipet, the 
aqueous residue was applied as multiple spots to form a continuous streak 
on 11 TLC plates12 (20 X 20 cm, 0.5 mm thick). The plates were developed 
for 2 hr, using a 1:4 mixture of acetone and chloroform. Even though the 
solvent front reached the top of the TLC plate before 2 hr, the longer 
development time was required for optimal separation. A t  least six 
well-separated fluorescent hands were observed on each plate when 
viewed under shortwave UV light. One relatively weak band corresponded 
to griseofulvin. 


Since the fluorescence of 6-demethylgriseofulvin had been reported 
to be quenched a t  alkaline pH (6), the strongly fluorescent band that 
quenched upon exposure to ammonium hydroxide fumes was assumed 
to be 6-demethylgriseofulvin. This band was carefully scraped from each 
TLC plate, placed in a 50-ml centrifuge tube, and extracted five times 
with 30 ml of ether. A total of 87 mg of white powder was obtained after 
evaporation of the combined ether extracts. 


The uncorrected melting point of the material was determined to he 
280' with decomposition. The UV spectrum was determinedI3 for the 
compound dissolved in 80% ethanol, to which was added 1% (v/v) of either 
2 N HCI or 2 N NaOH. The fluorescence spectra4 of the compound dis- 
solved in methanol also were obtained, before and after the addition of 
2 drops of ammonium hydroxide. A 5-pl portion of a methanol solution 
of the material also was spotted on a 0.25-mm TLC plateI4 along with a 


11 Fulvicin-U/F, Schering Carp.. Kenilworth, N.d. 
12 Silica gel G with calcium sulfate binder, Supelco, Inc.. Bellefnnte, Pa. 
13 DB-GT spectrophotometer, Beckman Instruments, Irvine, Calif. 
14 NEN-silica gel OF, 5 x 20 cm, 0.25 mm, New England Nuclear, Boston, 


Mass. 
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Figure 2-Typical HPLC chromatograms for the  assay of a blank 
human plasma sample ( I )  and plasma samples containing 0.1 pglml 
( I I )  and 0.4 pglml ( I l l )  ofgriseofulvin. Warfarin was added to plasma 
samples I1 and 111 as an  internal standard. 


griseofulvin sample. The plate was developed for 25 min with acetone- 
chloroform (1:4). 


After development, the plate was viewed under shortwave UV light, 
followed by exposure to ammonium hydroxide fumes. A diluted methanol 
solution of the compound also was injected into the chromatograph, using 
the parameters previously described for the HPLC plasma assay. Finally, 
the 270-MHz NMR spectral5 were determined for the material, a sample 
of griseofulvin, and a sample of 4-demethylgri~eofulvin~~. Deuterated 
acetone was employed as the solvent for the NMR spectra. 


Since interference by 6-demethylgriseofulvin has been suggested as 
the cause for higher plasma griseofulvin assay values for a fluorometric 
assay compared to a GLC procedure (3), pooled plasma samples were 
prepared containing either 1 pg of griseofulvinlml or 5 pg of 6-de- 
methylgriseofulvinlml and both 1 pg of griseofulvin/ml and 5 pg of 6- 
demethylgriseofulvinlml. These samples were carried through the ex- 
traction procedures of Schwarz et al. (3) and Shah et al. (4). The resulting 
extracts were assayed fluorometrically, and an aliquot was injected into 
the chromatograph, using the previously described HPLC system. 


Plasma Level Studies-To obtain plasma samples for evaluation of 
the fluorometric and HPLC assay methods, a healthy male volunteer 


Recorded on a custom-built 270-MHz spectrometer, based on an Oxford In- 
struments solenoid, a Bruker-Nicolet console, and a Nicolet 1180 computer. 


l6 Claxo Laboratories, Greenford, Middlesex, England. 


received a 500-mg griseofulvin tablet’l on two different occasions, ap- 
proximately 4 months apart. Ten-milliliter plasma samples were obtained 
just before and 1, 2 ,3 ,4 ,6 ,8 ,10,24,32,48,  and 72 hr after the first ad- 
ministration. These samples were assayed using the two previously dis- 
cussed fluorometric methods. Since the purpose of the second study was 
to  provide plasma samples for a comparison of the HPLC method with 
the method of Shah et al. (4), 10-ml plasma samples were obtained just 
before and 2,4,8,24, and 48 hr after the secc?nd administration. The doses 
were taken after an overnight fast, and no food or beverage other than 
water was permitted for 4 hr after dosing. 


RESULTS A N D  DISCUSSION 


Comparison of Fluorometric Procedures-In an earlier study (3), 
plasma griseofulvin levels assayed fluorometrically by the method of 
Schwarz et al. (3) were approximately 30% higher than those from a GLC 
assay. Since no direct comparison had been made of the two previously 
reported fluorometric methods (3 ,4) ,  it was of interest to determine if 
the procedures yielded comparable data. Calibration curves obtained for 
fluorescence intensity, corrected for blank plasma fluorescence, oersus 
plasma griseofulvin concentration were essentially superimposable for 
plasma standards assayed by either method. 


The least-squares slope, intercept, and correlation coefficient for one 
procedure (4) were 24.24.0.24, and 0.999, respectively; the same values 
for the other method (3) were 23.88, -0.03, and 0.998, respectively. The 
recovery of griseofulvin from the plasma samples averaged -9096 for both 
methods. The blank plasma correction required with the method of 
Schwarz et al. (3) was generally four times that required with the method 
of Shah et al. (4). This difference appeared to be due to the hexane ex- 
traction step present in the latter method. 


The data shown in Fig. 1 were obtained by assaying plasma samples 
from a subject who received a 500-mg griseofulvin tablet. The plasma 
levels at  each sampling time differed by 5% or less by the two fluorometric 
methods. 


HPLC Method-Since the two previously described fluorometric 
methods (3, 4) provided comparable assay data and since one of the 
methods had been shown earlier (3)  apparently to lack suitable griseo- 
fulvin specificity, an HPLC assay was developed. 


Typical chromatograms for pooled plasma containing 0,0.1, and 0.4 
pg of griseofulvinlml and 150 pg of warfarin sodium/ml, carried through 
the extraction and HPLC assay, are shown in Fig. 2. The retention times 
for griseofulvin and warfarin were 3.1 and 4.3 min, respectively. An ad-  
ditional peak, which also appeared in blank plasma extracts, was well 
separated from griseofulvin and had a retention time of 2.2 min. No in- 
terferences were observed in blank plasma samples obtained from 12 
human subjects who participated in a griseofulvin bioavailahility study 
(to be reported later). However, plasma obtained from a subject who was 
administered three 0.33-g (5-gr) aspirin tablets exhibited a large inter- 
fering peak, which would have precluded detection of the griseofulvin 
peak. 


The calibration curve of peak height ratio (griseofulvin/warfarin) 
uersus griseofulvin concentration for the assay of pooled plasma samples 
containing 0-2.0 pg of griseofulvin/ml exhibited a slope of 2.91, an in- 
tercept of -0.01. and a correlation coefficient of 0.999. Griseofulvin re- 
covery from plasma averaged 91’70, compared to the direct HPLC analysis 
of methanolic standards. The lowest standard contained 0.1 pg of 
griseofulvin/ml of plasma. However, a greater sensitivity should be readily 
attainable by utilizing >1 ml of plasma, diluting the extract with <2 ml 
of 50% methanol, or injecting >50 p l  of sample. 


The HPLC assay was compared directly to the fluorometric method 
of Shah et al. (4 ) ,  using plasma samples obtained from a human volunteer 
who had been administered a 500-mg griseofulvin tablet. The results of 
these determinations are shown in Fig. 3. The ratio of griseofulvin con- 
centrations determined by the fluorometric assay divided by the HPLC 
assay averaged 1.22, which is in agreement with the mean ratio of 1.3 
previously reported in a comparison of a fluorometric and a GLC assay 
method (3). 


Griseofulvin Metabolite Isolation-6-Demethylgriseofulvin has 
been reported to be the primary griseofulvin metabolite in humans (6, 
7). Thus, it is logical to assume that the major source of interference in 
the fluorometric assay procedures can be attributed to this metaho- 
lite. 


The uncorrected melting point of the material isolated from the urine 
extracts was 280°, in reasonable agreement with the 273-275’ melting 
point reported previously for 6-demethylgriseofulvin (7). The recovery 
of 87 mgof metabolite after the administration of the 1-g dose is similar 
to the reported 7% (8) and 10% (2) recoveries 24 hr after administration 
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Figure 3-Plasma griseofulvin levels for a subject receiving a 500-mg 
tablet. Determinations were carried out using the fluorometric method 
of Shah e t  al. ( 4 )  (+) and an HPLC method (0 ) .  


of a 500-mg dose to a human subject. Similarly, 10.5% of  a 1-g dose in a 
24-hr urine sample was obtained from a human suhject (7). 


No attempt was made to recover 6-demethylgriseofulvin that might 
have been present as a glucuronide metabolite in the urine. The UV ab- 
sorption maxima in alkaline solution were 250 and 300 nm, conipared to 
previously reported values of 249.5 and 330 nm (7). Similarly, the maxima 
were 236 and 293.5 nm in acidic solution, compared to 235.5 and 293.5 
nm. The excitation and emission fluorescence maxima were 320 and 425 
nm, respectively, which were nearly identical to the maxima exhibited 
by griseofulvin. The fluorescence spectrum was totally quenched upon 
the addition of 2 drops of ammonium hydroxide. When the presumed 
6-demethylgriseofulvin was spotted on a 0.25-mm TLC plate along with 
a sample of griseofulvin and the plates were developed for 25 min, only 
two distinct spots appeared under shortwave UV light. The Rf values were 
0.23 and 0.44 for 6-demethylgriseofulvin and griseofulvin, respectively, 
and only the former spot quenched after exposure to ammonium hy- 
droxide fumes. When a sample of presumed 6-demethylgriseofulvin was 
examined using the HPLC system described in the assay procedure, a 
single sharp peak resulted. The retention time of this peak was 2.2 min, 
compared to 3.1 min for griseofulvin. 


The NMR spectra for griseofulvin, 4-demethylgriseofulvin, and the 
presumed 6-demethylgriseofulvin provided the final confirmation of 
structure. The data in Table I summarize the assignment of the protons 
in each spectra. The spectra of all three substances were quite similar, 
with the correct number of methoxyls being observed in each instance. 
The replacement of a methoxyl with a hydroxyl slightly shifted the ring 
proton and remaining methoxyl to a higher field. The methoxyl in 4- 
demethylgriseofulvin is adjacent to chlorine and is downfield from the 
methoxyl in 6-demethylgriseofulvin. 


T o  assess the 6-demethylgriseofulvin interference in the fluorometric 
plasma assay for griseofulvin, samples spiked with griseofulvin and 6- 
demethylgriseofulvin were assayed by the methods of Shah et al. (4) and 


- 


Table I-Protons fo r  270-MHz Signals of Griseofulvin a n d  
Metabolites (6, ppm) 


k1 tH, 
griscofulvin 


Criseo- 4-Demethyl- 6-Demethyl- 
Proton fulvin griseofulvin griseofulvin 


2'-OCH3 3.62 
3'-H 5.48 _. _- 
5'-H 2.77 
6'-H 2.27 
6'-CHs 0.83 
4-OCH3 3.93 
5-H 6.49 
6-OCH3 4.04 


3.62 
5.48 
2.76 
2.28 
0.84 


6.49 
3.94 


3.62 
5.48 
2.77 
2.28 
0.84 
3.80 
6.29 


Schwarz et al. (3). With either method, plasma samples containing 5 pg 
of 6-demethylgriseofulvin/ml exhibited fluorescence values equal to those 
obtained with blank plasma samples. The fluorescence of plasma spiked 
with both 1 pg of griseofulvin/ml and 5 pg of 6-demethylgriseofulvin/ml 
was identical to that resulting from the assay of plasma containing only 
I pg of griseofulvin/ml. Furthermore, when the extracts of the plasma 
samples containing 6-demethylgriseofulvin were injected into the chro- 
matograph, no peak corresponding to the retention time of 6-demeth- 
ylgriseofulvin appeared. 


Thus, it appears that  the higher assay values resulting from the fluo- 
rometric assay of plasma samples obtained from subjects ingesting 
griseofulvin,compared to assay values determined with either a GLC (3) 
or an HPLC assay, could not be attributed to interference hy 6-de- 
methylgriseofulvin as proposedaearlier (3). Since the material that interferes 
in the fluorometric procedures only appears in the plasma of suhjects who 
have received griseofulvin, the material might represent an unidentified 
griseofulvin metabolite. However, whatever the identity of the interfering 
material, the use of the fluorometric assays for plasma griseofulvin results 
in falsely elevated values. The  described HPLC procedure provides an 
alternative assay with good sensitivity and specificity. 
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and physical properties. An interesting table lists all known alkaloids 
isolated from each Papaveraceae species. A short section deals with the 
confusing chemotaxonomy of the family. This chapter involves a complex 
group of alkaloids, and Santavy has been quite thorough, as evidenced 
by the citation of 853 references. 


The final chapter, by R. S. Kapil and R. T. Brown, covers monoterpene 
alkaloid glycosides. Many alkaloids of this novel class were discovered 
alter biosynthetic studies that predicted their existence. They are con- 
densation products of secologanin with dopamine, tryptamine, and 
tryptophan derivatives and are considered biosynthetic precursors of the 
Ipecacuanha, terpenoid indole, and Camptotheca alkaloids. This class 
of alkaloids is expected ta expand as isolation methods become more 
sophisticated and different biosynthetic schemes are investigated. 


This volume, like its predecessors, should prove invaluable to alkaloid 
chemists. 


Reuiewed by Susan Tafur 
Philip Morris Research Center 
Richmond, VA 23261 
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Then: 


(Eq. A10) 
between-subject = E S,' 
sumofsquares 2 24 


with 11 degrees of freedom, S, = X,, + X I € ,  and: 
within-subject - 12 ( X c A  - X,,)2 
sum of squares - 5' (Eq. A l l )  


2 
with 12 degrees of freedom. 


following Treatments A and E, respectively. 


variability is given by Eq. A12: 


In Eqs. A10 and A l l ,  XI, and X , ,  refer to individual subject data 


An estimate of the ratio of between-subject variability to within-subject 


(Eq. A12) 


when MSbetwveen and MSwlthon represent the between-subject mean square 
and within-subject mean square, respectively, obtained by dividing the 
appropriate sum of squares by the corresponding number of degrees of 
freedom; and k is the number of treatments. 


The 95% confidence interval for EIW is given by: 


If the left end-point of the constructed interval exceeds unity, between- 
subject variability is considered greater than within-subject variability, 
the magnitude of which is given by Eq. A12. 


Area under Curve and Half-Life Estimation-The area under the 


NOES 


curve ( A U C )  was calculated for each subject following each treatment 
by the following equation: 


AUC,  = AUCT -t ~ T / D  (Eq. A14) 


where AUC, is the area under the curve through infinity, AUCT is the 
area estimated by the trapezoidal rule up to time T, T is the last sampling 
time (usually 16 hr) when the observed concentration was above the 
sensitivity limit of the radioimmunoassay, 6 is the apparent elimination 
rate constant obtained by the method of least squares in the terminal 
log-linear phase, and CT is the estimated serum concentration a t  time 
7' observed by use of the exponential equation that defines the log-linear 
region. 


The half-life (t1/2) was estimated by the equation: 


t 112 = 0.6931fl (Eq. A15) 
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Abstract 0 A high-pressure liquid chromatographic technique was 
developed for the separation of penicillin G potassium and several of its 
decomposition products. The method utilized a buffered acetonitrile- 
phosphate mohile phase on a reversed-phase Cla column. Separation of 
penicillin G potassium and six degradation products was attained within 
25 min. 


Keyphrases Penicillin G potassium-analysis, high-pressure liquid 
chromatography, separation from degradation products D High-pressure 
liquid chromatography-analysis, penicillin G potassium, separation 
from degradation products o Antibacterial agents-penicillin G potas- 
sium, high-pressure liquid chromatographic analysis, separation from 
degradation products 


The separation of penicillin G from mixtures of peni- 
cillin or related decomposition products was reported 
previously (1-7). Separation methods include TLC (1-3), 
GLC (4, 5), and high-pressure liquid chromatography 
(HPLC) (6, 7). Continuing interest in this area is due in 


part to ongoing efforts to identify the causative agents in 
penicillin allergy. Most degradation products formed 
during penicillin G hydrolysis can elicit an allergic response 
(8). 


This report describes an HPLC technique which sepa- 
rates penicillin G potassium and six decomposition prod- 
ucts within 25 min. 


EXPERIMENTAL 


Materials-Penicillin G potassium' and D,L-penicillamine* were 
obtained commercially and used as received. Benzylpenicilloic acid, 
benzylpenillic acid, benzylpenilloic acid, and benzylpenamaldic acid were 
prepared using standard procedures (9-11). Acetonitrile3 was spectral 


' Lot W732511. Wyeth Laboratories, West Chester, Pa 
*Sigma Chemical Co., St. Louis. Mo. 


Matheson, Coleman and Bell, Norwood, Ohio. 
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Table I-Retention T ime  of Penicillin G Potassium a n d  Various 
Degradation Products Separated by HPLC * 


Comoound 


~ 


Retention 
Time. min 


Buffer salts 
Penicillamine 
Compound F 
Benzylpenillic acid 
Benzylpenicilloic acid 
Benzylpenilloic acid 
Benzyl enamaldic acid 
PenicilPin G potassium 


3.6 
3.9 
4.9 
6.7 


12.7 
14.5 
18.0 
25.0 


pBondapak CIS; conditions as described. 


quality; all other chemicals were reagent grade. Distilled, deionized, de- 
gassed water was used to  prepare all solutions. 


Apparatus-A liquid chromatograph4 equipped with a 254-nm UV 
detector and a reciprocating pump5 to deliver the mobile phase were used. 
A stainless steel column (4 mm i.d. X 30 cm), prepacked with a small di- 
ameter silica having a monomolecular layer of octadecyltrichlorosilane6 
chemically bonded to its surface, was obtained commercially. A preco- 
lumn (3 mm i.d. X 10.16 cm) filled with a high-capacity reversed-phase 
packing7 was used to protect the microparticular packing from distur- 
bance and contamination. 


Mobile Phase-The mobile phase was prepared by dissolving 4.24 
g of monobasic potassium phosphate in sufficient water to make 400 ml. 
One hundred milliliters of acetonitrile was added to this solution, and 
the pH of the final solution was adjusted to 4.15 with 1.00 N HCL. 


Chromatographic Conditions-The chromatographic column was 
operated a t  ambient temperature, and injections were made into a 
stopped-flow injection ports using a 10-pl syringeg.The UV detector was 
set at  0.08 absorbance unit full scale (aufs) for penicillin G potassium, 
benzylpenicilloic acid, benzylpenamaldic acid, benzylpenilloic acid, and 
penicillamine. The detector range was varied for benzylpenillic acid. 
Chromatograms were recorded on a single-pen strip-chart recorderlo. 
The flow rate and chart speed were maintained a t  0.75 m l h i n  and 1.27 
m m h i n .  respectively. Fifty milliliters of mobile phase was passed 
through the column prior to use each day. 


Individual samples of penicillin G potassium and possible acid deg- 
radation products were prepared by dissolving an appropriate amount 
of material in sufficient water to make 50.0 ml. Samples of penicillin C 
potassium degraded in acidic media were prepared by dissolving penicillin 
G potassium in sufficient preheated pH 2.83 phosphate buffer to make 
50.0 ml. 


RESULTS AND DISCUSSION 


In the past, the separation of penicillin G in mixtures of penicillins or 
related degradation products has been accomplished using TLC and 
CLC. However, these methods have several shortcomings. The long de- 
velopment time required for TLC separation does not lend itself to kinetic 
studies; and, while GLC provides shorter analysis time, the separations 
require derivatization and are limited by the labile nature of the com- 
pounds. 


Several recent reports noted the use of HPLC with anionic (6) and 
cationic (7) exchange resins to effect separation. The reported retention 
times of benzylpenicilloic acid and benzylpenilloic acid using cation ex- 
change were 156 and 768 min, respectively, making this procedure un- 
suitable for kinetic studies. Another criticism of ion exchange is the in- 
herent potential of the system to serve as a possible source of degradation 
catalysis. 


Liquid-liquid reversed-phase chromatography, with its less severe 
operating conditions, provides an advantage over previously reported 
methods. 


Initial separations were obtained using a pellicular CIS packing" with 
various aqueous buffer solutions mixed with methanol or acetonitrile. 
However, a tailing problem could not be eliminated. 


A reversed-phase packing with a heavier coating of stationary liquid 


4 Model 1205, Laboratory Data Control, Riviera Beach, Fla. 
6 Mini-Purn , Milton Roy Co., SL. Petersbur Fla 


7 CIS Porasil B, Waters Associates. Milford, Mass. 
8 Model LIB, Reeve Angel, Clifton, N.J. 


10 Model 3301, Laboratory Datatontrol, hers Beach, $la. 


pBondapa& CIS, Waters Associates, Milforf: Mass. 


Model LC-210, Precision Sam ling Cor Baton Rouge La. 
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Figure 1-Representative high-pressure liquid chromatogram of an 
aged penicillin potassium C sample in 0.100 M phosphate buffer. Key: 
A, penicillin C potassium; B. benzylpenicilloic acid; D ,  benzylpenillic 
acid; E ,  benzylpenilloic acid; F, Compound F; and X ,  buffer salts. 


phase" was used with some success. Initial separations were accom- 
plished using a prepacked column (2 mm i.d. X 61 cm) and also a hand- 
packed (12) column (3.18 mm i.d. X 1 m). Improvement in the technique 
resulted when two of the latter columns were butted end to end. 


Vastly improved separation was obtained with a microparticular re- 
versed-phase packin$. The packing has a monomolecular layer of octa- 


0 0 


1 / 5 5  - - - .  .., 
20 40 60 80 100 


0 E- 


MINUTES 
Figure %-Comparison of experimental data and predicted values 
based on proposed model. Degradation of penicillin C potassium in 0.100 
M phosphate buffer at pH 2.83, p = 0.500, and 30.5O. Key: solid lines, 
predicted value; 0,  penicillin C potassium; B, benzylpenillic acid; 0 ,  
benzylpenicilloic acid, and 8 ,  benzylpenilloic acid. 


11 VYDAC RP. The Separations Group, Hesperia, Calif. 
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decyltrichlorosilane chemically bonded to a small diameter (<lo pm) 
silica particle. The smaller particle size results in faster analysis time with 
improved resolution. 


The retention times of penicillin G potassium and several degradation 
products formed during acid hydrolysis of penicillin G potassium a t  pH 
2.83 are given in Table I. Identification of penicillin C potassium and 
related compounds was accomplished by comparing the retention time 
of the unknown with that of known standards. An unidentified compound 
with a retention time of 4.9 min was detected and designated as Com- 
pound F. A representative chromatogram for pH 2.83 is shown in Fig. 1. 
N o  penicillamine and penamaldic acid were detected a t  this pH. 


The stability of penicillin C potassium and its degradation products 
in the HPLC mobile phase also was determined. Samples of penicillin 
G potassium and its degradation products were aged in the acetoni- 
trile-phosphate mobile phase for a period a t  least equal to the retention 
for the particular compound. Samples were injected onto the HPLC 
column to observe any change in peak height or any increase in the 
number of peaks. Additionally, solutions containing mixtures of penicillin 
G potassium and its degradation products were aged in the mobile phase 
and subjected to the same test. No change in the number of peaks or peak 
height was noted. 


Figure 2 illustrates the results obtained for penicillin G potassium 
degradation a t  pH 2.83 using the described HPLC process. The studies 
are continuing, and the complete kinetic scheme will be reported in a 
subsequent article. 
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Abstract  A high-pressure liquid chromatographic procedure for the 
accurate determination of disopyramide and its chief metabolite in 
plasma is presented. The method is suitable for monitoring patients re- 
ceiving disopyramide therapy. A reversed-phase cyanopropylsilane 
column is utilized with a mobile phase of 50% acetonitrile and 50% 0.01 
M sodium acetate buffer a t  pH 4.0. Absorption was monitored a t  254 nm 
with a detection limit of 0.2 pg/ml of plasma. The reproducibility and 
precision of the procedure were demonstrated on samples containing 
0.50-12 pg/ml of plasma. 


Keyphrases o Disopyramide-analysis, high-pressure liquid chroma- 
tography, plasma, metabolites, humans 0 Disopyramide-metabolites, 
analysis, high-pressure liquid chromatography, humans D Mono-N- 
deal k yldisopyramide-analysis, high-pressure liquid chromatography, 
plasma, humans Antiarrhythmic agents-disopyramide, high-pressure 
liquid chromatographic analysis, plasma, humans 


Disopyramide phosphate’ is a relatively new antiar- 
rhythmic drug with electrophysiological properties similar 
to quinidine, but it is reported to be better tolerated (1). 
The wide range of plasma half-lives (2) of disopyramide 
phosphate in humans (4-18 hr) indicates that patients may 
require individualized dosage regimens. The side effects 


1 Norpace. 


of the drug (3 ,4)  and the antiarrhythmic effects of diso- 
pyramide phosphate have been related to concentration 
(5, 6). Consequently, measurement of the concentration 
may provide a method to maximize therapeutic effect 
while minimizing potential side effects. 


Direct spectrophotometric (7) and spectrofluorometric 
(8) determinations have been reported. Both these tech- 
niques are nonspecific because the major metabolite 
(mono-N-dealkyldisopyramide) has similar spectral 
characteristics to the parent compound (7,8). GLC pro- 
cedures also have been reported, but they either require 
derivatization of the compound (9) or a selective (nitrogen) 
detector (10). Quantitation of disopyramide and its me- 
tabolite has also been performed by high-pressure liquid 
chromatography (HPLC). The reported methods require 
the ion-pair modification of octadecylsilane reversed-phase 
chromatography (11) or the use of a multiwavelength de- 
tector (12, 13). 


This paper describes a rapid, specific method for the 
determination of disopyramide and its major metabolite 
by HPLC using a reversed-phase cyanopropylsilane col- 
umn and a 254-nm detector. The method is applicable to 
the direct determination of plasma levels, even in the 
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OPEN FORUM 


Hospital Pharmacy and the CGMP 


Doctor Feldmann’s editorial in the May issue’ charges FDA with 
requiring hospital pharmacists to comply with the revised current 
Good Manufacturing Practice Regulations (CGMP). 


Not so. 
The quotation in this editorial comes from paragraph 43 of the 


preamble to the CGMP’s2 in which FDA responded to the general 
comments received from the public on the proposed amendments. 
Retrospectively, it is apparent that paragraph 43 is not as clear as it 
should be. Nevertheless, we can state unequivocally that FDA is not 
interested in, and has never asserted jurisdiction over, a hospital 
pharmacy that limits its activities to serving the hospital of which it 
is a part. We would only consider the hospital pharmacy to be a 
repacker if the unit dose packages that it prepares are marketed 
outside the hospital. Even then, if it shares its unit dose services with 
other hospitals, we have special, separate guidelines covering such 
services. 


endorsement of the unit dose repackaging guidelines prepared by The 
American Society of Hospital Pharmacists and published in the 
December 1977 issue of the American Journal of Hospital Pharmacy. 
Dr. Kennedy said: 


‘‘We applaud the  American Society of Hospital Pharma- 
cists for preparing this important guide to a better quality 
control system for drugs repackaged by hospital pharma- 
cists for use in  a unit dose drug distribution system. W e  rec- 
ognize it as a major step forward in assuring that patients 
receive safe and efficacious drugs. In our judgment it is an  
excellent example of  what a professional society can do to 
improve patient care in hospitals.” 


I t  is FDA’s view that the ASHP guidelines are suitable equivalents 


FDA’s position is best expressed by the Commissioner’s 


to our CGMP’s for normal hospital pharmacy practice. 
J .  Joseph Relson, Director 
Division of Drug Product Quality 
Bureau of Drugs 
Food and Drug Administration 
Rockville, MD 20852 


Bernard T.  Loftus, Director 
Division of  Drug Manufacturing 
Bureau of Drugs 
Food and Drug Administration 
Rockville, MD 20852 


Received May 25,1979. 
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E. G. Feldmann, d.  Pharm. Sci., 68 (51, I (1979). 
Fed. Regist. (Sept. 29, 1978). 


Hospital Pharmacy and the CGMP: 
A Response 


We appreciate this response from Mr. Belson and Mr. Loftus and 
their effort to clarify the FDA intent of the current GMP regulations. 


Our May editorial was originally stimulated by a series of 
discussions between APhA (and ASHP) staff on the one side and FDA 
staff on the other side during the 1977-1978 period. The background 


facts, as we were told them, differ from those described in the Belson- 
Loftus letter. 


hospital pharmacy via challenges to certain operating procedures 
pertaining to unit dose repackaging. These challenges took several 
forms, one of which was directed at an arrangement whereby a 
“contract repackager” would bring unit dose repackaging equipment 
to the hospital and operate it to fulfill the current repackaging needs 
of the hospital. Under these arrangements, the operation ( a )  took 
place at  the pertinent hospital, ( b )  functioned under the direct 
supervision of the hospital pharmacist, and (c) was limited to 
producing unit dose packages exclusively for use within that hospital. 
But, nevertheless, FDA did assert jurisdiction in a t  least several such 
instances, thereby causing significant problems and generally hassling 
the various parties involved. 


After considerable skirmishing, an unwritten “truce” eventually 
emerged, and both sides appeared content to leave the matter rest- 
although basically unresolved, the issue was not actively pursued 
further. 


preamble---plus pharmacist West’s correspondence-made it appear 
to us that FDA was again preparing to flex its muscle. 


Upon receipt of the Belson-Loftus letter, we checked once more to 
ensure that we had correctly stated our recollection of the situation 
and its past history. One of the APhA staff members familiar with the 
situation stated that: “FDA is now trying to do a disappearing act.” 
And an ASHP staff member pointed out that in this letter the 
operable word is “asserted”; that is, even here, FDA is not conceding 
any lack of jurisdiction over such pharmacy practice in the hospital 
setting, but only that it is not presently asserting such jurisdiction. 


Nevertheless, both of these staff members also added that this 
Helson-Loftus letter was far less equivocating than past FDA 
statements on this issue. Furthermore, had FDA actually followed the 
policy described in this letter in the past, the entire controversy would 
never have arisen in the first place! 


Specifically, FDA did attempt to assert jurisdiction over 


Hut the wording of the September 1978 Federal Register 


Edward G. Feldmann 
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Washington, DC 20037 
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Amphetamine Analogs 


The recent article on “Heterocyclic Analogs of Amphetamine. . .” 
by W. 0. Foye and S. Tovivich’ listed two pyridine compounds 
without reference to previous work. P-(6-Methyl-2-pyridyl)- 
isopropylamine was reported by A. Burger and G. E. Ullyot [J.  Org. 
Chern., 12,342 (1947)], and P-(3-pyridyl)isopropylamine was reported 
by A. Burger and C. R. Walter, Jr .  [J .  Am.  Chem. SOC., 72,1988 
(1950)l. 
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Palladium( 11) and Their Anticancer Activity 
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Abstract 0 A series of coordination compounds of platinum(ii) and 
palladium(1r) with several amino- and heterocyclic aminoalkyl mercap- 
tans was synthesized, and their structures were determined by IR ab- 
sorption and elemental analyses. Because of the tendency of the mercapto 
group to undergo oxidation on reaction with metals, as observed with 
copper(]]), the complexes were obtained by use of the aminoalkyl- 
thiosulfates, which decomposed to the thiol in either acid or alkaline 
solution. Furthermore, palladium-sulfide complex formation by reaction 
with an aminoalkyltrithiocarbonate made i t  possible to distinguish be- 
tween metal-sulfur and metal-nitrogen bonds in the 650400-cm-' re- 
gion. Anticancer screening against L-1210 lymphoid leukemia in mice 
did not reveal positive activity among the compounds tested. 


Keyphrases 0 Platinum-mercaptoal kylamine coordination com- 
pounds, antineoplastic activity, structure-activity relationships Pal- 
ladium-mercaptoalkylamine coordination compounds, antineoplastic 
activity, structure-activity relationships 0 Antineoplastic agents, po- 
tential-platinum, palladium, mercaptoalkylamine coordination com- 
pounds, structure-activity relationships 


cis-Dichlorodiammineplatinum(I1) and a number of 
closely related diaminodichloro platinum(I1) complexes 
have shown appreciable anticancer activity in several 
tumor systems (1, 2). This discovery resulted from the 
observation (3) that certain coordination compounds of 
platinum(I1) inhibited bacterial cell division without in- 
hibiting growth. I t  is now known that for anticancer ac- 
tivity with the platinum(I1) complexes, two cis- mono- 
dentate (or one bidentate) leaving groups are required; the 
most active complexes have contained chloride, bromide, 
oxalate, or malonate ligands (4). In addition, the complexes 
should be neutral, their geometries should be either square 
planar or octahedral, and the ligands trans to the leaving 
groups should be strongly bonded and relatively inert 
amines. 


Little work has been reported on platinum complexes 
having ligands with phosphorus, oxygen, or sulfur donor 
atoms. Lindoy et al. (5) reported the formation of some 
sulfur-nitrogen complexes containing ligands with pla- 
tinum(II), palladium(II), nickel(II), copper(II), copper(I), 
silver(I), and mercury(II), but these complexes were not 
tested for anticancer activities. 


With the assumptions that palladium(I1) complexes are 
generally more reactive than platinum(I1) complexes (6) 
and that sulfur-containing ligands should be bound more 
strongly than nitrogen-containing ligands, a series of 
complexes was prepared with sulfur-nitrogen ligands 
(mercaptoalkylamines) coordinated with both platinum(@ 
and palladium(11). Following a postulation of anticancer 
activity of the platinum(I1) complexes that depends on 
dissociation of the complexes (7), such compounds could 
be expected to possess a t  least the same order anticancer 
activity as that of the known platinum(I1) compounds. 
Attempts also were made to prepare corresponding nick- 
el(I1) and copper(I1) complexes. 


+NH ,-(CHi),-SSO,- 


Y- 
NH,-(CH,),,-S- 


+Y 
+ NH,-(cH~),,-sH + so, 


Scheme I 


DISCUSSION 


Palladium(l1) and platinum(r1) are sufficiently large that four ligands 
may f i t  on these metals with less repulsion in a square planar complex, 
regardless of whether the ligands are weak or strong field ligands. Ligands 
used in this study are considered to be strong field ligands: primary and 
secondary aliphatic amines, the sulfide ion, and the chloride ion. In the 
first transition series, only very strong field ligands can effect the spin 
pairing necessary for stabilization of the square planar arrangement. With 
heavier metals, however, low-spin square planar complexes can result 
even with weak field ligands. In the present series, with both large metals 
and strong field ligands, it can be assumed that square planar complexes 
exist. 


The reaction of mercaptoethylamine with copper(11) resulted in an 
oxidation-reduction reaction, so a derivative of the thiol group was em- 
ployed to avoid this reaction and to give mercaptoalkylamine complexes. 
Use of the aminoalkylthiosulfates provided a method of obtaining the 
desired ligands since the thiosulfates hydrolyze in either acidic or alkaline 
solution to give the thiol or thiol anion (8) (Scheme I). A cyclic or chelate 
complex should result, with chloride, water, or both filling the metal-ion 
coordination capacity. Complete loss of the S=O stretching frequency 
of the uncomplexed ligands a t  1220-1190 cm-I also confirmed that the 
thiosulfate group was not present in the metal complexes. 


Since the sulfur ion is a class b (soft) base, it should coordinate with 
palladium(1t) and platinum(iI) (class b soft acids) prior to the amine 
group (class a hard base). A reaction that illustrates this situation occurs 
,with the aminoalkyltrithiocarbonates. In this case, however, carbon di- 
'sulfide is eliminated, and a metal-mercaptide complex may he isolated 
in acidic solution (9) (Scheme 11). Here, there is no possibility that 
metal-nitrogen bonds may be formed since the amine groups are pro- 
tonated. This reaction made it possible to distinguish Pd-S from Pd-N 
IR absorption bands, both of which occur in the 650-400-cm-I region. 
Metal-sulfur stretching modes are also found in the 400-250-cm-' region 
(10). Again, there is no possibility of confusion with metal-chloride 
stretching frequencies in the 35&300-cm-I region since, in the palladium 
sulfide compound formation, no metal-chloride bond results. 


The structures of the palladium(11) and platinum(t1) complexes were 
determined by IR absorption spectra and elemental analyses. Where NH2 
groups were present, stretching frequencies of the coordinated amines 
were lowered by 100 cm-I or more from those of the free NH2 groups in 
the 3550-3330- and 3400-3250-cm-' ranges. Observed frequencies for 
the NH2 groups in the complexes were in the same range as those of Pd(rr) 
complexes of methionine (3360-3090 cm-') (1 1). Frequencies for the 
Pd-N and Pt-N bonds were found in the 56@-420-~m-~ range and could 
be distinguished from the Pd-S bonds, which were revealed from the 
reaction with the aminoalkyltrithiocarbonate. 


Metal-sulfur stretching frequencies were located in the 390-355-cm-I 
range (10). Also, one or two bands in the region between 650 and 600 cm-I 
could be assigned to metal-sulfur coordination. Metal chloride hands 
were observed a t  350-300 cm-' ( lo) ,  in the same region as for Pt(ir) 


S 
II 


+KH,-(CHL),-SCS- + PdCIL - 
'NH ,-(CHI.),,--SWS-(CHI),-NH.;+ %I- 


Scheme II 
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Table I-IR Absorption Frequencies 


Frequencies (KBr), cm-I 
ComDound Liaands 0-H N-H Pd-N or Pt-N Pd-S or Pt-S Pd-CI or Pt-Cl 


I 
I1 


111 


IV 


V 


VI 


v11 


V I I I  


IX 


X 


XI 
XI1 


XI11 


XIV 


xv 
XVI 


XVII 


XVIII 
XIX 


NH~CHZCH~S-,  CI-, HzO 
NH~CHZCHZCH~S-, CI-, H20 
A 


(NH~CHZCH~S- )~ ,  CI- 
.L 


CI-NH3CHzCH2S-, Cl-, 2Hz0 
A+ 


('I t i  X;'CH.CH~S-, CI- ,~H:O 
U H  


NH2CH2CH2S-, CI-, H20 
n 


Palladium Complexes 
3500-3400 3190,3100 
8500-3400 3200,3150 


3550-3450 


3550-3450 


3550-3450 


3500-3400 


3480-3360 3200,3120 


3480-3360 3200,3100 


3460-3360 3200,3110 


3480-3360 3220,3170,3080 
Platinum Complexes 


3560-3400 


3600-3400 


3560-3400 


3600-3400 


3580-3400 3200,3120 
3540-3380 


3560-3360 


3560-3360 


510 
485,465 


490,465 


490,470 


510,480 


435,420 


450,425 


460,435 


506 


535 


500 


505 


560 


510 


650,615,380 
620,390 


625,375 


650,620,370 


650,615,360 


650,610,355 


650,380 


620,390 


625,420 


620,590,390 


650,610,370 


620,590,390 


620,590,390 


620,590,380 


615,590,370 


650.390 


335,320 
330,300 


345,320 


300 (br) 


300 


315,300 


330,315 


335,320 


350 


320 


320 


310 (br) 


310 (br) 


315 (br) 
310 (br) 


310 (br) 


310 (br) 


355 (NH2CH2CH2S-)2, CI- 3520-3340 3230,3160,3090 


Table  11-Physical Constants 


Decom- 
Com- position Yield, Analysis, % 
pound M Ligands Formula Point % Calc. Found 


I Pd 


11 Pd 


I11 Pd 


IV Pd 


V Pd 


VI Pd 


VII P d  


VIII Pd 


NH~CH~CHZS-, CI-, HzO CzHsClNOPdS 


NHzCH~CH~CH~S- ,  CI-, H20 C3HloClNOPdS 


323' 34 


285' 68 


210' 78 


213' 65 


236' 74 


220' 63 


180' 30 


187' 77 


C 
H 
CI 
N 
S 
C 
H 
CI 
N 
S 
C 
H 
c1  
N 
S 
C 
H 
CI 
N 
S 
C 
H 
(51 
N 
S 
C 
H 
N 
S 
C 
H 
CI 
N 
C 


10.18 10.52 ~. ~. 


3.42 3.47 
15.13 15.13 
5.94 6.01 


13.59 13.47 
14.41 14.78 
4.03 3.73 


14.18 14.08 
5.60 5.97 


12.82 12.59 
27.64 27.57 


5.30 5.17 
11.66 11.42 
4.61 4.60 


11.54 11.20 
28.58 28.58 


5.98 5.80 
10.54 10.55 
4.17 4.20 
9.53 9.46 


23.54 23.78 
4.60 4.19 


11.58 11.51 
4.58 4.62 


10.45 9.95 
18.90 13.73 . 


3.50 3.31 
8.10 7.89 


18.55 18.10 
26.36 26.50 


6.50 6.16 
15.56 15.19 
6.14 5.89 


29.79 29.46 
6.90 6.68 H 


C1 
-.. . _ _  14.66 


N 5.79 
14.21 
6.56 







Table I I- Con tinued 


Decom- 
Com- 
pound M Ligands 


~ .. 


position Yield, Analysis, ?6 
Formula Point I Calc. Found 


IX 


X 


XI 


XI1 


XI11 


XIV 


xv 


XVI 


XVII 


XVIII 


XIX 


Pd 


Pd 


Pt 


Pt 


Pt 


Pt 


Pt 


Pt 


Pt 


Pt 


Pt 


CI-kH3CHzCH2S--, C1-, 2H20 


CI- C c H , C H S - . C l -  


NHZCHZCH~S-. C1-, HzO 


(NH~CHZCHZS-)~, C1- 


180' 


313' 


330' 


232' 


240' 


265' 


340' 


258" 


239' 


280' 


245' 


78 


27 


66 


83 


87 


70 


66 


67 


49 


48 


24 


C 
H 
Cl 
N 
C 
H 
c1  
N 
S 
C 
H 
N 
S 
C 
H 
c1  
N 
S 
C 
H 
CI 
N 
S 
C 
H 
CI 
N 
S 
C 
H 
c1  
N 
S 
C 
H 
c1  
N 
S 
C 
H 
N 
S 
C 
H 
CI 
N 
S 
C 
H 
N 
S 


32.86 
7.26 


13.86 
5.47 


13.82 
4.06 


20.39 
8.06 


18.44 
6.40 
2.90 
3.70 
8.46 


18.79 
4.27 


15.85 
3.13 
7.16 


20.04 
4.83 


14.79 
2.92 
6.69 


16.04 
3.80 


15.78 
3.11 
7.14 
6.99 
2.93 


10.34 
4.07 
9.35 


21.41 
4.11 
9.03 
3.57 
8.16 


23.57 
4.69 
3.44 
7.86 


16.73 
4.17 
8.23 
3.25 
7.45 
8.54 
4.98 
4.97 


11.41 


33.15 
6.90 


13.51 
5.52 


13.70 
4.24 


19.90 
7.94 


17.98 
6.60 
2.72 
3.73 
8.50 


18.10 
3.90 


15.53 
2.97 
7.14 


20.43 
4.53 


14.50 
2.81 
7.20 


16.48 
3.12 


15.76 
3.07 
7.22 
6.76 
2.46 
9.89 
3.80 
9.02 


21.42 
3.87 
8.86 
3.58 
8.33 


23.16 
4.63 
3.82 
7.53 


16.73 
3,80 
8.18 
3.25 
7.50 
8.70 
4.65 
4.73 


10.97 


I 


complexes of ethionine and S-methyl-L-cysteine with chloride ligands 
(10). Broad bands for water were shown in the 3600-3400-cm-' region 
for many complexes. IR absorption frequencies for the various bonds 
observed are listed in Table I. Other physical constants for the complexes 
are listed in Table 11. 


Palladium(l1) Complexes-The IR absorption spectra indicated 
clearly that the mercaptoamines derived from the thiosulfates acted as 
bidentate ligands, being coordinated to palladium(I1) via the sulfur and 
nitrogen. Both chloride ion and water also were coordinated to give type 
1 structures. Elemental analyses agreed with this structure. 


For the palladium(I1) complex of bis(2-aminoethyl) disulfide, however, 
IR absorption and elemental analyses indicated a type I1 structure. 
Polymeric complexes are not commonly found with palladium(I1) and 
platinum(l1) but are possible with halogen and sulfur ligands. Three 
strong bands for NH2 stretching of the palladium-cystamine complex 


were exhibited at 3300-3090 cm-*, and Pd-N stretching a t  500 cm-' 
showed coordination of both nitrogens. Strong CS stretching frequencies 
a t  1270-1220 cm-l indicated that  the disulfide linkage was intact, and 
Pd-S bands at 650 and 380 cm-I showed coordination to sulfur. Pd-CI 
bands appeared at 350 cm-', and a positive test for ionic chloride was 
given by the disulfide complex but not for the mercaptoamine com- 
plexes. 


Cycloalkylamine complexes of palladium(I1) were also prepared since 
cis-dichloro-bis(cycloa1kylamine) platinum(l1) complexes have shown 
promising anticancer activities (12). Elemental analyses and IR ab- 


I1 
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Table 111-Antileukemic Activities in Mice a 
~~ 


Animal 
Dose, Weight Difference Survival 


Compound mg/kg (T - C), g h  (T - C), %' 


I 200 
I1 100 


I11 100 
IV 25 
X 12.5 


XI11 12.5 
xv 200 


XVI 50 
XVIII 50 


XIX 100 


-3.6 
-2.4 
-1.1 
-0.7 
-0.6 
-0.9 
-1.4 
-1.5 
-0.6 
-2.1 


111 
103 
105 
106 
101 
107 
107 
98 


102 
103 


Mice were infected with 1,-1210 lymphoid leukemia. Compounds were ad- 
ministered intraperitoneally every 4th day, for a total of three injections, beginning 
on the 1st day after tumor implantation. The vehicle was either saline or saline with 
polysorbate (Tween) 80. Six mice were used at each dosage level. * Average weight 
change of test group minus average weight change of control animals on Day 5. 


Ratio of mean survival time of treated animals to that of control animals. Ob- 
servations were made for 20 days. 


I11 
sorption for the cycloalkylamine complexes indicated type I l l  structure, 
analogous to the previously determined cycloalkylamine complexes of 
Pt(11). Actually, there were two Pd-N bands a t  495 and 476 cm-I and two 
Pd-CI bands at  327 and 306 cm-I for the dichlorodiamminepalladium(~1) 
cis structure but only one band of each type for the trans structure (13). 
The IR spectra showed, in general, two bands of each type and agreed 
closely with those for the cis structures. The cis-isomer of dichlorodi- 
amminepalladium(1~) isomerizes to the trans structure on standing, 
however (13). 


Platinum(r1) Complexes-Platinum(I1) complexes were formed in 
both acidic and slightly alkaline media. In acidic solution, the thiosulfates 
were cleaved to the mercaptans and the amino groups remained pro- 
tonated, so only Pt-S coordination took place. Pt-S bands around 
650-590 and 420-370 cm-' appeared, along with Pt-CI bands a t  320-310 
cm-I. The 1R absorption spectra, combined with elemental analyses, 
indicated structures of type IV. 


In slightly alkaline solution, both Pt-S and Pt-N coordination could 
take place and cyclic type 1 complexes were formed, as indicated by IR 
absorption. The NH2 stretching frequencies a t  3500-3300 cm-I were 
lowered by about 100 cm-I in the mercaptoethylamine complex. The 
Pt-N frequencies were a t  560-500 cm-', and Pt-S bands appeared a t  
620-590 and 390-370 cm-l. A broad Pt-CI hand was observed at  315-310 
cm-', and water was recognized by absorption a t  3600-3400 cm-l. Ele- 
mental analyses were in agreement with this structure (I). 


The platinum complex of cystamine was found to have a type I1 
structure analogous to the palladium complex. Absorption bands for 
Pt-N, Pt-S, and Pt-CI, as well as N-H stretching frequencies, were very 
similar for the platinum(11) and palladium(I1) cystamine complexes. 


Nickel(11) and Copper(i1) Complexes-Attempts to prepare nickel 
(11) complexes by the procedures described here, in acidic and slightly 
alkaline solution, did not result in isolatable products. Jicha and Rusch 
(14) reported the formation of two types of nickel([]) complexes of 2- 
mercaptoethylamine in alkaline solution, one the 2 1  chelate and the other 
having a structure of type M(ML2)&12. 


Attempts to prepare copper(1I) complexes by these methods also were 
unsuccessful. 


Anticancer Tests-Anticancer screening was carried out' using mice 
infected with I,-1210 lymphoid leukemia. Table 111 lists the most favor- 
able dosage level of compound giving a measurable response in compar- 
ison to survival times and toxicities of control animals. None of the 


CI- R ~ N H C H ~ C H B  


N 


By the Division of Cancer Treatment, National Cancer Institute, in accordance 
with their protocol (15). 


compounds tested produced survival times great enough in comparison 
to those of controls (T/C, %) to he listed as active. 


Since the most active known platinum coordination compounds have 
a cis-dichloro function, the results presented here indicate that such a 
function is necessary for activity. Although a coordinated water molecule 
should be replaced equally as readily as a chloride ion (16), the biological 
replacing group may not replace a water molecule as readily or a t  all if 
it is ionic. If the anticancer mechanism of cis-dichlorodiammineplatinum 
depends upon binding to DNA (17, 18), then binding to ionic groups 
would appear to he favored. 


EXPERIMENTAL* 


The following procedures are representative. 
N,S- (2- Aminoethanethio)chloroaquopalladium( 11)-2-Amino- 


ethanethiosulfuric acid (0.1572 g, 0.001 mole) was dissolved in 35 ml of 
water, and the pH was adjusted to 8.0 with 0.04 N NaOH. A solution (10 
ml) containing 0.1773 g (0.001 mole) of palladium(I1) chloride in hot 0.04 
N HCI was added dropwise with stirring. The solution became yellow, 
and the pH was maintained a t  6.5-6.8 by the alternate dropwise addition 
of 0.04 N NaOH and the palladium chloride solution. Stirring was con- 
tinued for 1 hr after addition was complete, and the yellow product was 
filtered, washed with water and ethanol, and dried a t  60" for 2 days. The 
yield was 0.061 1 g (34.5%) of product, which decomposed ahove 323". 


Anal.-Calc. for C2H&INOPdS: C, 10.18; H, 3.42; CI, 15.13; N, 5.94; 
S, 13.59. Found: C, 10.52; H, 3.47; CI, 15.13; N, 6.01; S, 13.47. 
Bis-(S-2-aminoethanethio)palladium(11) Dihydrochloride- 


2-Aminoethanetrithiocarhonic acid (0.6132 g, 0.004 mole) was dissolved 
in 35 ml of N,N-dimethylformamide. A solution of palladium(11) chloride 
(0.3546 g, 0.002 mole) in 12 ml o f  hot 0.04 N HCI was added dropwise with 
stirring. A yellow precipitate appeared immediately, and the solution 
became red-yellow. After the addition was complete, the pH had de- 
creased to 2.5, and the solution was stirred for 30 min. The precipitate 
was filtered, washed with water and ethanol, and dried in a desiccator. 
The dried product was brown and weighed 0.2238 g (63% yield); it de- 
composed above 220". 


Anal.-Calc. for CAHIqNqPdS.,. 2HCLHvO: C. 13.90: H. 3.50: N. 8.10: , ,  . ,  
S, 18.15. Found: C, 1i.7';; H, 3.3i; N, 7.89; S, 18.10. 
cis-Dichlorodi(cyclohexylamine)palladium(~i)-Solutions of 


potassium Letrachloropalladate(lr) (0.3264 g, 0.001 mole) in 15 ml of water 
and cyclohexylamine (0.1984 g, 0.002 mole) in 5 ml of water were cooled 
to 1" and mixed, and light-tlrown crystals appeared immediately. The 
mixture was stored a t  1" for 24 hr, and the product was filtered, washed 
with cold water, and dried. The yield was 0.2538 g (77.8%) of product, 
which decomposed above 187". 


Anal.-Calc. for C I ~ H ~ & I ~ N ~ P ~ - ~ H ~ O :  C, 29.79; H, 6.90; CI, 14.66; N, 
5.79. Found: C, 29.46; H, 6.68; CI, 14.21; N, 5.56. 
Chloro-N,N',S-(cystamine)palladium(ll) Chloride-Cystamine 


dihydrochloride (1.125 g, 0.005 mole) was dissolved in 70 ml of water, and 
the pH was adjusted to 8.0 using 0.04 N NaOH. A solution (50 ml) con- 
taining 0.8865 g (0.005 mole) of palladium(I1) chloride in hot 0.04 N HCI 
was added dropwise with stirring along with sufficient alkali to maintain 
the pH a t  6.5-7.0. A yellow precipitate appeared hut dissolved on further 
addition and reappeared when the addition neared completion. Stirring 
was continued for 1 hr after the addition; the yellow product was filtered, 
washed with ethanol, and dried a t  70" for 2 days. The yield was 0.2383 
g (26.9%) of material, decomposing atlove 313". 


Anal.-Calc. for C4H12Cl2N2PdS2-H20: C, 13.82; H, 4.06; CI, 20.39; 
N, 8.06; S, 18.44. Found: C, 13.70; H, 4.24; Cl, 19.90; N, 7.94; S, 17.98. 
S-(2-Aminoethanethio)chlorodiaquoplatinum(ii) Hydrochlo- 


ride-To a solution of 2-aminoethanethiosulfuric acid (0.1572 g, 0.001 
mole) in 25 ml of water was added dropwise with stirring a solution of 
0.4151 g (0.001 mole) of potassium tetrachloroplatinate(I1) in 10 ml o f  
water. Stirring was continued for 1 hr after the addition; the yellow pre- 
cipitate was filtered, washed with water, and dried a t  70" overnight. The 
product weighed 0.2728 g (65.7%) and decomposed above 330". 


Anal.-Calc. for C2HllCl2N02PtS: C, 6.40; H, 2.90; N, 3.70; S, 8.46. 
Found: C, 6.60; H, 2.72; N, 3.73; S, 8.50. 


* Melting points were determined with a Mel-Temp capillary melting-pnint hltrk 
and are uncorrected. IR spectra were obtained using a Perkin-Elmer model 4.57 A 
grating spectrophotnmeter and were corrected against polystyrene hands. Elemental 
analyses were done by Strauss Microanalytical Lahoratory. Oxford, England. 


Potassium tetrachloroplatinate(I1) was a gift of Engelhard Minerals and 
Chemicals Co., supplied through the courtesy of Dr. Carl D. Keith. Palladium(l1) 
chloride and potassium tetrachloro alladate(11) were obtained from Ventron Corp. 
The organic ligands were prepared gy I h .  .I .  .I. Lanzillo (19) and were recrystallized 
before use. 
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N,S- (2-Aminoethanethio)chloroaquoplatinum(~~) - 2-Amino - 
ethanethiosulfuricacid (0.1572 g, 0.001 mole) was dissolved in 25 ml of 
water, and the pH was adjusted to 7.4 with 0.01 N NaOH. An aqueous 
solution (10 ml) of potassium tetrachloroplatinate(11) (0.4151 g, 0.001 
mole) was added dropwise with stirring along with sufficient alkali to 
maintain a pH of 7.0-7.4. Stirring was continued for 1 hr after the addi- 
tion; the yellow product was filtered, washed with water, and dried a t  70’ 
overnight, yielding 0.2742 g (66%), mp 340’ dec. 


Anal.-Calc. for C2HBClNOPtS.H20 C, 6.99; H, 2.93; CI, 10.34; N, 4.07; 
S, 9.35. Found: C, 6.76; H, 2.46; CI, 9.89; N, 3.80; S, 9.02. 
Chloro-N,N‘,S-(cystamine)platinum(II) Chloride-Cystamine 


dihydrochloride (0.225 g, 0.001 mole) was dissolved in 35 ml of water, and 
the pH was adjusted to 7.4 with 0.01 N NaOH. A solution of 0.4151 g 
(0.001 mole) of potassium tetrachloroplatinate(I1) in 10 mi of water was 
added dropwise with stirring, and stirring was continued for 2 hr after 
the addition. The yellow product was filtered, washed with water, and 
dried a t  70” overnight. The yield was 0.42 g (52.6%).of material, which 
decomposed above 183”. 


Anal.-Calc. for C4H~pC12N2PtS~8H20: C, 8.54; H, 4.98 N, 4.97; S, 
11.41. Found: C, 8.70; H, 4.65; N, 4.73; S, 10.97. 
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Abstract  0 The quantitative determinations of combinations of anti- 
histamine and decongestant drugs including phenylephrine, dl-ephed- 
rine, +-ephedrine, phenylpropanolamine, pyrilamine, pheniramine, l -  
ephedrine, chlorpheniramine, hrompheniramine, oxymetazoline, naph- 
azoline, and antazoline contained in solid and liquid dosage forms are 
described. All active ingredients except the ephedrine optical isomers 
were separated from other ingredients with ion-paired high-pressure 
liquid chromatography. Manipulation of the mobile phase either by 
changing the hydroalcoholic ratio or by changing the alkyl chain length 
of‘ the counterion (sulfonic acid) for achieving optimum separations is 
discussed. The method is simple, short, accurate, and precise. 


Keyphrases Decongestants-analysis, inn-pair liquid chromatogra- 
phy, various cough and cold preparations, structure-activity reIationships 
0 Antihistaminics-analysis, ion-pair liquid chromatography, various 
cough and cold preparations, structure-activity relationships 0 Liquid 
chromatography, ion-pair-analysis, decongestants and antihistaminics 
in various cough and cold preparations, structure-activity relationships 


Structure-activity relationships-decongestants and antihistaminics, 
various cough and cold preparations 


Combinations of decongestant and antihistamine 
pharmaceutical preparations are widely used for cough and 
cold treatment. Generally, such preparations contain one 
decongestant and one antihistamine, but several contain 
more than one decongestant. These combination prepa- 


rations are made in various forms, e .g ,  syrup, elixir, tablet, 
capsule, and timed-release tablet or capsule. Some liquid 
formulations may also contain preservative(s), dye(s), or 
flavor(s). 


High-performance liquid chromatography (HPLC) has 
become useful for pharmaceutical preparation analysis. 
Decongestant and antihistamine compounds were ana- 
lyzed using a strong cation-exchange column (l), and the 
separation of two decongestants and one antihistamine was 
demonstrated using a nonpolar reversed-phase column and 
heptanesulfonic acid as an ion-pairing agent (2,3). This 
report describes a comprehensive analytical procedure 
applicable to numerous decongestants and antihistamines 
and discusses ways to achieve a desired separation by 
changing the alkyl chain length of sulfonic acid or by al- 
tering the hydroalcoholic composition of the mobile 
phase. 


EXPERIMENTAL 


Chemicals and  Reagents-The following drugs and preservatives 
were used: phenylephrine ( I ) ,  dl-ephedrine (11). $-ephedrine (111). phe- 
nylpropanolamine (IV), pyrilamine (V), pheniramine (VI), /-ephedrine 
(VII), chlorpheniramine (VIII), brompheniramine (IX), diphenhydra- 
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decyltrichlorosilane chemically bonded to a small diameter (<lo pm) 
silica particle. The smaller particle size results in faster analysis time with 
improved resolution. 


The retention times of penicillin G potassium and several degradation 
products formed during acid hydrolysis of penicillin G potassium a t  pH 
2.83 are given in Table I. Identification of penicillin C potassium and 
related compounds was accomplished by comparing the retention time 
of the unknown with that of known standards. An unidentified compound 
with a retention time of 4.9 min was detected and designated as Com- 
pound F. A representative chromatogram for pH 2.83 is shown in Fig. 1. 
N o  penicillamine and penamaldic acid were detected a t  this pH. 


The stability of penicillin C potassium and its degradation products 
in the HPLC mobile phase also was determined. Samples of penicillin 
G potassium and its degradation products were aged in the acetoni- 
trile-phosphate mobile phase for a period a t  least equal to the retention 
for the particular compound. Samples were injected onto the HPLC 
column to observe any change in peak height or any increase in the 
number of peaks. Additionally, solutions containing mixtures of penicillin 
G potassium and its degradation products were aged in the mobile phase 
and subjected to the same test. No change in the number of peaks or peak 
height was noted. 


Figure 2 illustrates the results obtained for penicillin G potassium 
degradation a t  pH 2.83 using the described HPLC process. The studies 
are continuing, and the complete kinetic scheme will be reported in a 
subsequent article. 
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Abstract  A high-pressure liquid chromatographic procedure for the 
accurate determination of disopyramide and its chief metabolite in 
plasma is presented. The method is suitable for monitoring patients re- 
ceiving disopyramide therapy. A reversed-phase cyanopropylsilane 
column is utilized with a mobile phase of 50% acetonitrile and 50% 0.01 
M sodium acetate buffer a t  pH 4.0. Absorption was monitored a t  254 nm 
with a detection limit of 0.2 pg/ml of plasma. The reproducibility and 
precision of the procedure were demonstrated on samples containing 
0.50-12 pg/ml of plasma. 


Keyphrases o Disopyramide-analysis, high-pressure liquid chroma- 
tography, plasma, metabolites, humans 0 Disopyramide-metabolites, 
analysis, high-pressure liquid chromatography, humans D Mono-N- 
deal k yldisopyramide-analysis, high-pressure liquid chromatography, 
plasma, humans Antiarrhythmic agents-disopyramide, high-pressure 
liquid chromatographic analysis, plasma, humans 


Disopyramide phosphate’ is a relatively new antiar- 
rhythmic drug with electrophysiological properties similar 
to quinidine, but it is reported to be better tolerated (1). 
The wide range of plasma half-lives (2) of disopyramide 
phosphate in humans (4-18 hr) indicates that patients may 
require individualized dosage regimens. The side effects 


1 Norpace. 


of the drug (3 ,4)  and the antiarrhythmic effects of diso- 
pyramide phosphate have been related to concentration 
(5, 6). Consequently, measurement of the concentration 
may provide a method to maximize therapeutic effect 
while minimizing potential side effects. 


Direct spectrophotometric (7) and spectrofluorometric 
(8) determinations have been reported. Both these tech- 
niques are nonspecific because the major metabolite 
(mono-N-dealkyldisopyramide) has similar spectral 
characteristics to the parent compound (7,8). GLC pro- 
cedures also have been reported, but they either require 
derivatization of the compound (9) or a selective (nitrogen) 
detector (10). Quantitation of disopyramide and its me- 
tabolite has also been performed by high-pressure liquid 
chromatography (HPLC). The reported methods require 
the ion-pair modification of octadecylsilane reversed-phase 
chromatography (11) or the use of a multiwavelength de- 
tector (12, 13). 


This paper describes a rapid, specific method for the 
determination of disopyramide and its major metabolite 
by HPLC using a reversed-phase cyanopropylsilane col- 
umn and a 254-nm detector. The method is applicable to 
the direct determination of plasma levels, even in the 
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A Table I-Precision and  Percent Recovery of Disopyramide 
Phosphate and Mono- N-dealkyldisopyramide 


Level. udml  n Recoverv. % cv 


0.5 
1.5 
4.0 
6.0 
9.0 


12.0 


0.5 
1.5 
4.0 
6.0 
9.0 


12.0 


Disopyramide Phosphate 
4 


5 103.3 
4 104.7 
4 101.7 
5 99.5 


5 1:::: 


Mono-N-dealkyldisopyamide 
4 111.1 
5 96.0 
5 91.5 
5 99.1 
5 96.8 
4 100.9 


~ 


12.0 
6.4 
2.9 
1.7 
1.4 
2.0 


12.5 
12.8 
4.1 
5.2 
3.5 
6.9 


presence of other antiarrhythmic drugs. The applicability 
was demonstrated by the analysis of plasma from patients 
taking disopyramide. 


EXPERIMENTAL 


Instrumentation-A high-pressure liquid chromatograph* was 
equipped with a cyanopropylsilane3 column, 300 mm long X 4 mm i.d. 
The degassed mobile phase was pumped through the column a t  1.2 
ml/min (1800-2000 psi) a t  ambient temperature until a stable baseline 
was obtained. 


Chemicals and Reagents-Sodium acetate, sodium hydrogen 
phosphate, acetic acid, and phosphoric acid were ACS certified grade. 
HPLC grade methanol, methylene chloride, and acetonitrile were used. 
Disopyramide phosphate4, m~no-N-dealkyldisopyramide~, and cyclo- 
methycaine sulfate5 were supplied by the manufacturers. 


Mobile Phase-Sodium acetate solution, 0.01 M, was prepared in 
distilled water, and the pH was adjusted to 4 by the gradual addition of 
acetic acid. An equal volume of acetonitrile was added to the buffer, and 
the mixture was degassed under vacuum. 


Stock Solutions-Disopyramide Phosphate and Mono- N-dealkyl- 
disopyramide-A solution containing 4 mg of the drug and 4 mg of its 
metabolite in 100 ml of methanol was prepared. The solution was stored 
in a refrigerator and made fresh each month. 


Cyclomethycaine Sulfate (Internal Standard)-A solution was pre- 
pared by dissolving 8 mg in 5 ml of methanol and diluting to 100 ml with 
methylene chloride. This solution was prepared fresh daily. 


Working Internal Standard Solution-With a volumetric pipet, 1.0 
ml of the stock cyclomethycaine solution was transferred to a 500-ml 
volumetric flask and diluted with methylene chloride to volume (0.16 
pg/ml). 


Sample Preparation-To 0.5 ml of heparinized plasma in a 15-ml 
screw-capped centrifuge tube, an aliquot of the methanolic solution of 
disopyramide phosphate and dealkyldisopyramide containing 0.25-6.0 
pg of each drug, 0.5 ml of phosphate buffer (pH 7.4,O.l M), and 5.0 ml 
of methylene chloride containing 0.16 pg of cyclomethycaine sulfate/ml 
were added. The tubes were vortexed for 10 sec and centrifuged for 5 min 
a t  9OOXg. A 4.0-ml volume of the organic phase was transferred to special 
concentration tubes6 and evaporated to dryness at ambient temperature 
under a gentle nitrogen stream. 


HPLC Separation and  Quantitation-The residue was dissolved 
in 200 pl of acetonitrile, and 5&100-p1 injections were made using a 5O-pl 
syringe7. A standard curve was constructed utilizing a minimum of four 
replicate plasma extractions simulating concentrations of disopyramide 
phosphate and mono-N-dealkyldisopyramide from 0.5 to 12 pglml. The 
chromatograms were recordeds a t  a chart speed of 5 mm/min. 


Disopyramide and i ts  metabolite were identified on the basis of re- 
tention time. The peak heights were measured, and the disopyramide 
phosphate/cyclomethycaine and mono-N-dealkyldisopyramide/cyclo- 


* M.odel202 chromatograph, M 600 pump, and U6K universal injector, Waters 


' S e y l e  Laboratories,Chicago, 111. 


' Hamilton Co., Reno, Nev. 


Associates. Milford, Mass. 
pBondapak CN, Waters Associates. Milford, Mass. 


Ell Lilly, Indianapolls. Ind. 
Concentratuks, Laboratory Research Co., Los Angeles, Calif. 


Model 56, Perkin.Elmer, Norwalk. Conn. 


C 0 


Figure 1-Typical chromatogram of a n  extract of 0.5 ml of spiked 
plasma with 2 pg of disopyramide phosphate, 2 pg of mono-N-deal- 
kyldisopyramide, and 8 pg of the internal standard. Key: A, plasma 
extractable; B, mono- N-dealkyldisopyramide; C, disopyramide; and  
D, internal standard. 


methycaine ratios were calculated and plotted uersus concentration, 
expressed as micrograms per milliliter of plasma. 


Interferences-Possible interferences from normal plasma constit- 
uents and other antiarrhythmic drugs were studied by adding therapeutic 
amounts to plasma containing disopyramide phosphate, its metabolite, 
and the internal standard and performing the analysis. 


Sample Preparation and Assay-Heparinized plasma samples from 
patients on oral disopyramide phosphate therapy were processed in 
duplicate as described. The amounts of disoppamide and its metabolite 
were calculated by comparison with the standard curve prepared 
daily. 


RESULTS AND DISCUSSION 


Methylene chloride was used as the organic solvent in the extraction 
procedure because it exhibits good extractibility for disopyramide, pro- 
pranolol, and other antiarrhythmic amines (14). Moreover, it extracts 
a minimum of interfering constituents from plasma and evaporates easily. 
The  extraction a t  pH 7.4 gave excellent recoveries of disopyramide and 
the internal standard (90-95%). The recovery of the metabolite was only 
32%. 
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The ratios of the peak heights of disopyramide and i t s  metabolite to 
the peak height of the internal standard were calculated. Statistical 
analysis of the data (Table I) by linear regression indicated excellent 
linearity and reproducibility with correlation coefficients of 0.9991 and 
0.9955, slopes of 0.3655 and 0.3100, and intercepts of O.OO30 and -0.0038 
in the range of 0.5-12.0 pg/ml of plasma for disopyramide and its me- 
tabolite. respectively. This range includes the therapeutic range of the 
drug. 


The use of reversed-phase chromatography on a cyanopropylsilane 
column and a mobile phase of 50% acetonitrile and 50% acetate buffer 
(pH 4,0.01 M )  afforded excellent separation with sharp peaks for diso- 
pyramide, mono-N-dealkyldisopyramide, and cyclomethycaine (Fig. 
1). 


The method was applied for the determination of disopyramide and 
its metabolite in patient plasma before and after administration of di- 
sopyramide phosphate. No interference was noted from commonly uti- 
lized cardiac drugs. Quinidine, lidocaine, procainamide, and the more 
recent 0-blockers metoprolol and timolol were eluted at different re- 
tention times. Although propranolol and its 4-hydroxy metabolite have 
the same retention times as disopyramide and i ts  mono-N-dealkylated 
metabolite, respectively, the accurate determination of the two drugs is 
still possible since disopyramide and its metabolite do not fluoresce while 
propranolol and its metabolite fluoresce but have no appreciable ab- 
sorption a t  254 nm. Cyclomethycaine is an ideal internal standard since 
it absorbs a t  254 nm and fluoresces at 276-nm excitation with a 340-nm 
cutoff filter (14). 


Major advantages of the proposed method are its simplicity and ra- 
pidity. Both disopyramide and its metabolite are determined in a single 
procedure using a standard single wavelength UV detector. Moreover, 
propranolol can be determined using the same extraction and chroma- 
tographic conditions by the incorporation of a spectrofluorometric de- 
tector. Other chromatographic methods require separate conditions for 
the determination of each drug or even for the determination of metab- 
olites. In addition, the method gave excellent separation without the 
ion-pair technique, which results in limited use of the column and a de- 
crease in the capacity factor (15). 
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Abstract Plasma binding of chlordiazepoxide, diazepam, lorazepam, 
and oxazepam was determined by equilibrium dialysis in 20 male, healthy 
volunteers, 25-86 years old. A wide range of binding was observed, with 
the free fraction varying twofold for lorazepam, fourfold for chlordi- 
azepoxide and diazepam, and over 20-fold for oxazepam. Statistically 
significant linear relationships were not observed between the degree of 
binding and age, serum albumin, or total protein for any of the drugs. 
There was, however, a correlation between the extent of binding for the 
four drugs. Because of the importance of unbound benzodiazepine levels 
in eliciting any pharmacological response and also in disposition, con- 
sideration of the wide interindividual variability in plasma binding must 
be made in interpreting pharmacodynamic and pharmacokinetic data. 


Keyphrases o Benzodiazepines-plasma binding, equilibrium dialysis, 
humans, individual variation, age Sedativeebenzodiazepines, plasma 
binding, equilibrium dialysis, humans, individual variation, age 0 Plasma 
binding-benzodiazepines, humans, individual variation, age 


During a study of the effects of age on lorazepam dis- 
position in h h a n s ,  the results obtained from 11 appar- 
ently healthy subjects, 15-73 years old, suggested that the 
extent of plasma binding of this drug decreased with age 
(1). This result was in contrast to previous findings with 


the related 1,4-benzodiazepines, diazepam (2), chlordi- 
azepoxide (3), and oxazepam (4). Accordingly, studies of 
lorazepam binding were performed with plasma from a 
larger group of subjects to determine whether the observed 
trend was real or had occurred by chance. The investiga- 
tion also provided an opportunity to compare directly the 
relative plasma binding behavior of the various benzodi- 
azepines. 


EXPERIMENTAL 
“C-Chlordiazepoxide’ (59.95 mCi/mmole), 14C-diazepam1 (13.01 


mCi/mmole), “C-lorazepam2 (10.79 mCi/mmole), and 14C-oxazepam2 
(5.91 mCi/mmole) were examined for radiopurity by TLC. All except 
lorazepam were >98% pure. Purification of the latter to this level was 
achieved by preparative TLC using silica GF plates3 and a mobile phase 
of ethyl acetate4-ethano16-ammonium hydroxide4 (5:5:1 v/v). Separate 
drug standard solutions were prepared in pH 7.4 buffer as follows: 


Hoffmann-La Roche, Nutley, NJ 07110. * W eth Laboratories. Radnor, PA 19087. 
I.8.N. Pharmaceuticals, Cleveland,,OH 44128. 


4 ACS grade, Fisher Scientific Co.. Pittsburgh, PA 15219. 
US1 absolute ethyl alcohol, USP-NF reagent. 
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OPEN FORUM 


Hospital Pharmacy and the CGMP 


Doctor Feldmann’s editorial in the May issue’ charges FDA with 
requiring hospital pharmacists to comply with the revised current 
Good Manufacturing Practice Regulations (CGMP). 


Not so. 
The quotation in this editorial comes from paragraph 43 of the 


preamble to the CGMP’s2 in which FDA responded to the general 
comments received from the public on the proposed amendments. 
Retrospectively, it is apparent that paragraph 43 is not as clear as it 
should be. Nevertheless, we can state unequivocally that FDA is not 
interested in, and has never asserted jurisdiction over, a hospital 
pharmacy that limits its activities to serving the hospital of which it 
is a part. We would only consider the hospital pharmacy to be a 
repacker if the unit dose packages that it prepares are marketed 
outside the hospital. Even then, if it shares its unit dose services with 
other hospitals, we have special, separate guidelines covering such 
services. 


endorsement of the unit dose repackaging guidelines prepared by The 
American Society of Hospital Pharmacists and published in the 
December 1977 issue of the American Journal of Hospital Pharmacy. 
Dr. Kennedy said: 


‘‘We applaud the  American Society of Hospital Pharma- 
cists for preparing this important guide to a better quality 
control system for drugs repackaged by hospital pharma- 
cists for use in  a unit dose drug distribution system. W e  rec- 
ognize it as a major step forward in assuring that patients 
receive safe and efficacious drugs. In our judgment it is an  
excellent example of  what a professional society can do to 
improve patient care in hospitals.” 


I t  is FDA’s view that the ASHP guidelines are suitable equivalents 


FDA’s position is best expressed by the Commissioner’s 


to our CGMP’s for normal hospital pharmacy practice. 
J .  Joseph Relson, Director 
Division of Drug Product Quality 
Bureau of Drugs 
Food and Drug Administration 
Rockville, MD 20852 


Bernard T.  Loftus, Director 
Division of  Drug Manufacturing 
Bureau of Drugs 
Food and Drug Administration 
Rockville, MD 20852 


Received May 25,1979. 
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E. G. Feldmann, d.  Pharm. Sci., 68 (51, I (1979). 
Fed. Regist. (Sept. 29, 1978). 


Hospital Pharmacy and the CGMP: 
A Response 


We appreciate this response from Mr. Belson and Mr. Loftus and 
their effort to clarify the FDA intent of the current GMP regulations. 


Our May editorial was originally stimulated by a series of 
discussions between APhA (and ASHP) staff on the one side and FDA 
staff on the other side during the 1977-1978 period. The background 


facts, as we were told them, differ from those described in the Belson- 
Loftus letter. 


hospital pharmacy via challenges to certain operating procedures 
pertaining to unit dose repackaging. These challenges took several 
forms, one of which was directed at an arrangement whereby a 
“contract repackager” would bring unit dose repackaging equipment 
to the hospital and operate it to fulfill the current repackaging needs 
of the hospital. Under these arrangements, the operation ( a )  took 
place at  the pertinent hospital, ( b )  functioned under the direct 
supervision of the hospital pharmacist, and (c) was limited to 
producing unit dose packages exclusively for use within that hospital. 
But, nevertheless, FDA did assert jurisdiction in a t  least several such 
instances, thereby causing significant problems and generally hassling 
the various parties involved. 


After considerable skirmishing, an unwritten “truce” eventually 
emerged, and both sides appeared content to leave the matter rest- 
although basically unresolved, the issue was not actively pursued 
further. 


preamble---plus pharmacist West’s correspondence-made it appear 
to us that FDA was again preparing to flex its muscle. 


Upon receipt of the Belson-Loftus letter, we checked once more to 
ensure that we had correctly stated our recollection of the situation 
and its past history. One of the APhA staff members familiar with the 
situation stated that: “FDA is now trying to do a disappearing act.” 
And an ASHP staff member pointed out that in this letter the 
operable word is “asserted”; that is, even here, FDA is not conceding 
any lack of jurisdiction over such pharmacy practice in the hospital 
setting, but only that it is not presently asserting such jurisdiction. 


Nevertheless, both of these staff members also added that this 
Helson-Loftus letter was far less equivocating than past FDA 
statements on this issue. Furthermore, had FDA actually followed the 
policy described in this letter in the past, the entire controversy would 
never have arisen in the first place! 


Specifically, FDA did attempt to assert jurisdiction over 


Hut the wording of the September 1978 Federal Register 


Edward G. Feldmann 
American Pharmaceutical Association 
Washington, DC 20037 
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Amphetamine Analogs 


The recent article on “Heterocyclic Analogs of Amphetamine. . .” 
by W. 0. Foye and S. Tovivich’ listed two pyridine compounds 
without reference to previous work. P-(6-Methyl-2-pyridyl)- 
isopropylamine was reported by A. Burger and G. E. Ullyot [J.  Org. 
Chern., 12,342 (1947)], and P-(3-pyridyl)isopropylamine was reported 
by A. Burger and C. R. Walter, Jr .  [J .  Am.  Chem. SOC., 72,1988 
(1950)l. 


Alfred Burger 
Professor Emeritus 
Department of Chemistry 
University of Virginia 
Charlottesville, VA 22901 


Received June 14,1979. 
. 
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N,S- (2-Aminoethanethio)chloroaquoplatinum(~~) - 2-Amino - 
ethanethiosulfuricacid (0.1572 g, 0.001 mole) was dissolved in 25 ml of 
water, and the pH was adjusted to 7.4 with 0.01 N NaOH. An aqueous 
solution (10 ml) of potassium tetrachloroplatinate(11) (0.4151 g, 0.001 
mole) was added dropwise with stirring along with sufficient alkali to 
maintain a pH of 7.0-7.4. Stirring was continued for 1 hr after the addi- 
tion; the yellow product was filtered, washed with water, and dried a t  70’ 
overnight, yielding 0.2742 g (66%), mp 340’ dec. 


Anal.-Calc. for C2HBClNOPtS.H20 C, 6.99; H, 2.93; CI, 10.34; N, 4.07; 
S, 9.35. Found: C, 6.76; H, 2.46; CI, 9.89; N, 3.80; S, 9.02. 
Chloro-N,N‘,S-(cystamine)platinum(II) Chloride-Cystamine 


dihydrochloride (0.225 g, 0.001 mole) was dissolved in 35 ml of water, and 
the pH was adjusted to 7.4 with 0.01 N NaOH. A solution of 0.4151 g 
(0.001 mole) of potassium tetrachloroplatinate(I1) in 10 mi of water was 
added dropwise with stirring, and stirring was continued for 2 hr after 
the addition. The yellow product was filtered, washed with water, and 
dried a t  70” overnight. The yield was 0.42 g (52.6%).of material, which 
decomposed above 183”. 


Anal.-Calc. for C4H~pC12N2PtS~8H20: C, 8.54; H, 4.98 N, 4.97; S, 
11.41. Found: C, 8.70; H, 4.65; N, 4.73; S, 10.97. 
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Abstract  0 The quantitative determinations of combinations of anti- 
histamine and decongestant drugs including phenylephrine, dl-ephed- 
rine, +-ephedrine, phenylpropanolamine, pyrilamine, pheniramine, l -  
ephedrine, chlorpheniramine, hrompheniramine, oxymetazoline, naph- 
azoline, and antazoline contained in solid and liquid dosage forms are 
described. All active ingredients except the ephedrine optical isomers 
were separated from other ingredients with ion-paired high-pressure 
liquid chromatography. Manipulation of the mobile phase either by 
changing the hydroalcoholic ratio or by changing the alkyl chain length 
of‘ the counterion (sulfonic acid) for achieving optimum separations is 
discussed. The method is simple, short, accurate, and precise. 


Keyphrases Decongestants-analysis, inn-pair liquid chromatogra- 
phy, various cough and cold preparations, structure-activity reIationships 
0 Antihistaminics-analysis, ion-pair liquid chromatography, various 
cough and cold preparations, structure-activity relationships 0 Liquid 
chromatography, ion-pair-analysis, decongestants and antihistaminics 
in various cough and cold preparations, structure-activity relationships 


Structure-activity relationships-decongestants and antihistaminics, 
various cough and cold preparations 


Combinations of decongestant and antihistamine 
pharmaceutical preparations are widely used for cough and 
cold treatment. Generally, such preparations contain one 
decongestant and one antihistamine, but several contain 
more than one decongestant. These combination prepa- 


rations are made in various forms, e .g ,  syrup, elixir, tablet, 
capsule, and timed-release tablet or capsule. Some liquid 
formulations may also contain preservative(s), dye(s), or 
flavor(s). 


High-performance liquid chromatography (HPLC) has 
become useful for pharmaceutical preparation analysis. 
Decongestant and antihistamine compounds were ana- 
lyzed using a strong cation-exchange column (l), and the 
separation of two decongestants and one antihistamine was 
demonstrated using a nonpolar reversed-phase column and 
heptanesulfonic acid as an ion-pairing agent (2,3). This 
report describes a comprehensive analytical procedure 
applicable to numerous decongestants and antihistamines 
and discusses ways to achieve a desired separation by 
changing the alkyl chain length of sulfonic acid or by al- 
tering the hydroalcoholic composition of the mobile 
phase. 


EXPERIMENTAL 


Chemicals and  Reagents-The following drugs and preservatives 
were used: phenylephrine ( I ) ,  dl-ephedrine (11). $-ephedrine (111). phe- 
nylpropanolamine (IV), pyrilamine (V), pheniramine (VI), /-ephedrine 
(VII), chlorpheniramine (VIII), brompheniramine (IX), diphenhydra- 
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Table I-Detection Limit and  Linear  Detection Range at 254 nm of Various Drugs  Tested 


Drug 


Phenylephrine hydrochloride 
Ephedrine 
Phenylpropanolamine hydrochloride 
I'vrilamine maleate 
Pheniramine maleate 
Guaifenesin 
Pseudoephedrine hydrochloride 
Chlorpheniramine maleate 
Brompheniramine maleate 
Antazoline phosphate 
Naphazoline hydrochloride 
Oxymetazoline hydrochloride 


a Amount injected. 


Minimum" Linear" 
Detection Detection 
Limit, ng Range 


40 40ng-100pg 
60 60 ng-60 pg 


18 18 ng-40 pg 
20 20 ng-50 pg 
40 40ng-100pg 
80 80 ng-60 pg 
14 14 ng-20 pg 
20 20 ng-20 pg 
18 18 ng-10 pg 
24 24 ng-20 pg 


280 280 ng-30 pg 


140 140 ng-8 pg 


mine (X), guaifenesin (XI), caffeine (XII), aspirin (XIII), oxymetazoline 
(XIV), naphazoline (XV), antazoline (XVI), methylparaben (XVII), and 
propylparaben (XVIII). All were USP or NF quality and were used 
without further purification. 


All sulfonic acids were received as their sodium salts except methane- 
sulfonic acid, which was received as a free acid. All reagents were used 
as received'. The chromatographic solvents were distilled-in-glass 
quality2. 


Chromatography-The modular liquid chromatograph consisted 
of a constant flow pump of 6000 psi maximum operating pressure3, a 
variable wavelength detector set a t  254 nm4, and a constant volume loop 
injector5. The chromatngrams were recorded using a strip-chart recorde$. 
The column (moderately polar phenyl bonded) was purchased com- 
mercially7. 


Mobile Phase-The mobile phase was water-methanol-glacial acetic 
acid (55:44:1 v/v) containing enough heptanesulfonic acid sodium salt 
to yield a 0.005 M solution. The flow rate was 2.0 ml/min. 


Sample Preparation-Diluent-The diluent was methanol-water 
(1:l v/v). 


Elixirs and Syrups-Three elixirs and two syrups were analyzed. Ten 
milliliters of elixir or syrup were diluted with the diluent to 50 ml in a 
vctlumetric flask. 


Table 11-Retention Data of Various Antihistamine and 
Symuathomimetic D r u m  and Related Comuounds 


Drug 
Tailing 


k ' O  Factorb 


t'henylephrine 
dl- Ephedrine 
Phenylpropanolamine 
Pyrilamine 
Pheniramine 
I-Ephedrine 
(.h;itnesin 


.p edrine 
hlorpheniramine 


Rrompheniramine 
Oxymetazoline 
Naphazoline 
Antazoline 
Diphenhydramine 
Methylparaben 
Propylpara ben 
Caffeine 
AsDirin 


1.2 
2.2 
1.9 
8.8 
4.4 
2.2 
1.4 
2.2 
8.8 


10.5 
9.8 
4.6 


11.0 
8.6 
2.2 
5.0 
1.4 
2.2 


100 
100 
96 
86 
91 


100 
100 
100 
86 
86 
63 
90 
73 
43 


100 
91 


100 
100 


k' is the rapacity factor calculated as ( V R  - Vo)/Vo, where VR is the apparent 
retentinn volume and VO is the dead volume of the column. Calculated by drawing 
a perpendicular line from the baseline to the r k  maximum and then measuring 
the base width of the second half (y) of the c romatographic peak relative to the 
first half (x ). Measurements were made at 10% of the peak maximum. Tailing factor 
= x / y  x Ion. 


' Eastman Kodak Co., Rochester. N.Y. 
Burdick & Jackson. Muskegon, Mich. 
Waters Associates, Milford, Mass. 
Schoeffel Instruments Corp., Westwood, N.J. 
Valco Instruments. Houston. Tex .  . . , . . . -. . . . . , . . .. 


fi ModeI.56, Perkin-Elmer. 
7 pRondapak phenyl(4 mm i.d. X 30 cm). Waters Associates, Milford, Mass. 


Correlation 
Coefficient 


0.9759 
0.9990 
0.9976 
0.9849 
0.9991 
0.9990 
0.9972 
0.9996 
0.9949 
0.9910 
0.9964 
0.9930 


Tablets-Four tablet preparations were assayed. Ten tablets were 
ground to a fine powder, and the powder equivalent to one tablet weight 
was transferred into a 50-ml volumetric flask. Approximately 30 ml of 
the diluent was added, and the flask was shaken for 15 min. The solution 
was diluted to volume with the diluent, and -10 ml of this solution was 
filtered through a 0.45-pm filter for chromatographic analysis. 


Timed-Release Capsules or Tablets-Three dosage f o r m  were ana- 
lyzed. The contents equivalent to one capsule or tablet were transferred 
to a 100-ml volumetric flask, and 10 ml of 1.0 N HCI was added. The flask 
was shaken for 15 min. Approximately 50 ml of diluent was added, and 
the flask was shaken for another 15 min. The solution was diluted to 
volume with the diluent, and -10 ml was filtered through a 0.45-pm 
filter. 


Quantitation-Standard curves for the appropriate compounds were 
estahlished. A 20-4  sample was injected, and the peak response was 
measured (as peak height). The drug concentration was measured either 
directly from the standard curve or by regression analysis. The amount 
of drug present in the dosage form was calculated by: 


')6 label claim = ( C ) ( D )  - (Eq. 1) 


where C is the concentration of the sample (milligrams per milliliter) read 
from the standard curve, D is the total dilution (milliliters), and L is the 
label amount of drug in the dosage form (milligrams). 


RESULTS AND DISCUSSION 
All compounds previously mentioned were tested for linear detection 


range and minimum detection limit. The data were obtained using six 
to 10 calibration points (Table I).  


r3 


3 


4 


5 


1 6  


0 02 AUFS I 
Figure 1 --Chromatogram of 
five cnmmon cough and cold 
drugs. Key: 1,  maleic acid; 2, 
phcnylephrine; 3, pseudo- 
ephedrine; 4, napharoline; 5, 
chlorpheniramine; and  6, 
hrompheniramine. 
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T a b l e  111-Regression Analysis of t h e  Rela t ionship  be tween 
Retent ion  Volume a n d  the Hydroalcohol ic  Composi t ion of t h e  
Mobile P h a s e  


T a b l e  V-Solid Dosage F o r m s  Analyzed 


Correlation 
Compound Coefficient Slope Intercept 


C hlorpheniramine 0.974 -6.7 X 4.3 X lo-' 
iheniramine 0.995 -7.1 X 4.9  X lo-' 


Ephedrine 0.998 -6.7 X 5.3 X lo-' 
henvleohrine 0.997 -5.4 x 10-3 5.3 x 10-1 


T a b l e  IV-Liquid P h a r m a c e u t i c a l  P r e p a r a t i o n s  Analyzed 


Label, Assay, 
Active Ingredient m g h  ml mg/5 ml 


Elixir A" 
Pseudoephedrine hydrochloride 30.0 30.1 
Chlorpheniramine maleate 2.0 2.0 


Syrup B 
Phenylpropanolamine hydrochloride 20.0 18.7 
Phenvleohrine hvdrochloride 5.0 4.72 


- Phenyltoloxamine citrate' 7.5 


Phenylephrine hydrochloride 2.5 1.9 


Phenylephrine hydrochloride 5.0 5.3 


Chlorpheniramine maleate 1 .o 1 .O 


Chlorpheniramine maleate 2.5 2.48 
Syrup C 


Elixir Dd 
Chlorpheniramine maleate 1 .o 0.96 


Brompheniramine maleate 4.0 4.2 


Phenylpropanolamine hydrochloride 5.0 4.85 


Phenylephrine hydrochloride 5.0 5.0 


Chloroform 13.5 - 


Elixir E' 


Deconamine elixir, Cooper Laboratories. Naldecon syrup Bristol Labora- 
Dirnetapp elixir. tories. 


A H Robins. Novahistine elixir. Dow. 
Could not be analyzed due to lack of reference stc~ndard. 


The chromatographic separation o f  live common drugs used for cough 
and cold treatment is shown in Fig. 1, and the chromatographic retention 
data  are  listed in Table I J .  The  phenyl column, of moderate polarity. is 
capable of resolving almost all o f  the compounds listed except the s te-  
reoisomers such as  1-ephedrine and d-ephedrine. A nonpolar hydrocar- 
bin-bonded column8 (CIS bonded) did not produce satisfactory results. 
Fi)r example, chlorpheniramine showed unacceptable peak tailing, and 
pyrilamine and pheniramine could not be separated (2) .  


The  retention of compounds can he varied to obtain B desired sepa- 
ration. Four compounds of decreahing polarity (phenylephrine. $- 
ephedrine, pheniramine, and chlorpheniramine) were studied to show 
how a slight modification of the mobile phase can allow almost any de-  
sired separation. Two relationships were studied: ( a )  change in the hy- 
droalcoholic composition, and ( b )  change in the alkyl chain length of the 
counterion, 1.e , alkylsulfnnic acid. 


Figure 2 shows the effect of changing the water methanol ratio on the 
retention volume. The  retention volumes of all compounds increased with 
the increased water ratio in the mobile phase. A linear relationship for 
each drug was obtained hy plotting percent water in the mobile phase 
ucrsus V,' This  result is due to a decrease in the soluhility (hydropho- 


0.4 I 


35 45 55 65 7 5  
PERCENT WATER 


Figure  2-Relationship between hydroalcoholic cornpositron of mobile 
phaye and drug retention uolume Key A .  8, chlorpheniramine, B, 0, 
pheniramine C ,  X, pseutioephedrrne. and D, 8 ,  phenylephrrne 


SRondapak C l c  Waters Assoclates, Milford. Mass 


Active Ingredient 
Label, Assay, 


mg mg 


Tablet  A" 


Tablet  Bb 


Tablet  C c  


Pseudoephedrine hydrochloride 60.0 60.5 
Chlorpheniramine maleate 4.0 4.02 


Dexbrompheniramine maleate 2.0 2.01 
d-lsoephedrine maleate 60.0 60.3 


Phenylephrine hydrochloride 10.0 9.24 
Chlorpheniramine maleate 2.0 1.85 


Tablet  Dd 
P h e n v t ~ r o ~ a n o l a m i n e  hydrochloride 
Phenindamine tartratee- 


50.0 50.2 
24.0 - 


C hlorphenirami ne maleat e 4.0 4.15 


" Deconamine tableh, Cooper Lahoratories. Disophrol tablets. Schering. 
Could not he analyzed c Novahistine Fortis, Dow. 


due to lack of reference standard. 


bicity) of the solute molecule in the mobile phase. The  regression analyses 
of the  da ta  points are  given in Table  I l l .  


T h e  effect on drug retention of changing the  alkyl chain length of the  
counterion (sulfonic acid) in the mobile phase is shown in Fig. 3. The plot 
o f  the  carbon number of the  alkyl chain i'ersus log, retention volume 
shows a linear relationship for pheniramine and chlorpheniramine. bu t  
the  plot for $-ephedrine and phenylephrine is dual sloped. This result 
is due to  the fact t h a t  with pheniramine and chlorpheniramine, the in -  
crease in the carbon chain length of the  counterion decreases the polarity 
o f  the  "ion-paired" molecule as a whole, causing a linear increase in the  
retention volume in the reversed-phase system. However, there I S  very 
little change in polarity for $-ephedrine and phenylephrine when t h e  
counterion is methane through hutanesulfonic acid. A linear increase in 
the  retention is noticed (log, V R  uersus carbon number of  the alkyl chain 
of the  counterion) from pentane to octanesulfonic acid. 


Thus,  the point from which a change in polarity is noticed could be 
called the "polarity threshold" of each compound. C'arving the carbon 
chain length of the  counterion below the  polarity threshold causes no  
significant variation of retention volumes. T h e  concept of polarity 
threshold can be exploited to manipulate drug analyses. as  shown by the 
tollowiny example. 


A dosage form containing $-ephedrine and chlorpheniramine was 
analyzed using the solvent system described in the Experimental section. 
When heptanesulfonic acid was replaced by pentanesulfonic acid as  the  
counterion, the retention volumes of both $-ephedrine and chlor- 
pheniramine were reduced from 6.0 and 20.4 ml to  3.9 and 11.9 ml. re- 
spectively. Further replacement of pentanesulfnnic acid by hutanesul- 
fonic acid selectively reduced the  chlorpheniramine retention to 9.6 nil 
without affecting the  $-ephedrine retention (3.8 ml) because of the po- 
larity threshold. 


Change of the alkyl chain of sulfonic acid also can be of advantage when 
the  dosage form contains acidic molecules such as parabens or  aspirin, 
which d o  not ion-pair with sulfonic acid. Naphazoline and propylparaben 
had a very 9imilar k' (Table 11) and could not be separated from each 


Nolamine tablets. Carnrick 


3.3 3.0 I 
2.7 


2.4 


2.1 
0 
c 1.8 


1.5 


1.2 


0.9 


9 
- 


2.4 


2.1 
0 
c 1.8 


9 
- 


V." 


1 2 3 4 5 6 7 8 A  
A L K Y L  CHAIN LENGTH OF SULFONIC ACID, R-SO; 


F i g u r e  3-Relationship betwerjn alkyl chain length of the  countrrion 
and drug retention volume. K e y  A ,  m, ch/orphrnirnrnint~. R ,  0, 
pheniramine.  C, *, pseudoephedrine; 11, X, phenj lept ir inc,  and E ,  +, 
maleate 
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Table VI-Timed-Release Dosage Forms Analyzed 


Active Ingredient 
Label, Assay, 


mg mg 


Capsule A" 


Timed-Release Tablet B b  


Pseudoephedrine hydrochloride 120.0 118.8 
C hlorpheniramine maleate 8.0 7.8 


Phenylpropanolamine hydrochloride 40.0 44.0 
Phenylephrine hydrochloride 10.0 10.7 
Chlorpheniramine maleate 5.0 4.8 
Phenyltoloxamine citrateC 15.0 - 


Chlorpheniramine maleate 8.0 7.43 
Phenylephrine hydrochloride 15.0 20.4 
MethscoDolamineP 2.5 - 


Capsule C d  


1)econamine capsules, Cooper Lahoratories. * Naldecon timed-release tablets, 
Hrietol. Could not tie analyzed due to lack of reference standard. d Cosea-D 
capsules, Center. 


other. By changing the counterion from heptanesulfonic acid to pen- 
tanesulfonic acid, the naphazoline retention was reduced without af- 
tecting the propylparaben retention, and a complete resolution of these 
compounds was possible. 


To ensure the specificity of the proposed method, all drugs were arti- 


ficially degraded. All drugs were well separated from their degradation 
products. Twelve pharmaceutical preparations were analyzed by this 
method. The versatility of the method was demonstrated by the analysis 
of various combination preparations (Tables IV-VI). The reproducibility 
of the method was excellent. Five replicate analyses of Liquid Preparation 
I (Table IV) had a coefficient of variation of 0.9%. The variation coeffi- 
cients of five replicate analyses of two solid dosage forms (Preparation 
I, Table V; and Preparation I, Table VI) were 1.4 and 1.9%, respec- 
tively. 


The proposed method is useful for assaying of cough and cold drugs. 
The method is simple, requires no elaborate sample preparation tech- 
niques, and is specific, accurate, and reproducible. Many separations can 
be achieved by proper manipulation of the mobile phase. 
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Abstract A specific and sensitive high-performance liquid chroma- 
tographic method has been developed for the rapid determination of 
intact glyburide in dog serum. With butylparaben as an internal standard, 
1 ml of acid-buffered serum was extracted with toluene and an aliquot 
of the toluene was evaporated to dryness. The redissolved residue was 
chromatographed on a microparticulate reversed-phase column, and 
quantitation was achieved hy monitoring the [JV absorbance of the eluate 
at 228 nm. The response was linear, and the lower detection limit was -20 
ng/ml. Assay precision, as estimated hy analyzing replicate samples of 
a lahoratory standard, was better than 6% (CV) .  The utility ot'the ana- 
lytical methodology for the determination of this highly potent sulfo- 
nylurea in pharmacokinetic studies in the dog was demonstrated. 


Keyphrases Glyburide-analysis, high-performance liquid chro- 
matography, dog serum Antidiahetic: agents-glyhuride, high-per- 
fnrmance liquid chromatographic analysis, dog serum 0 High-perfor- 
mance liquid chromatography-analysis, glyburide in dog serum 


Glyburidel (I), 1-[[4-[2-(5-chloro-2-methoxybenzami- 
do)ethyl]phenyl]sulfonyl]-3-cyclohexylurea, is a potent, 
orally active sulfonylurea for the management of matu- 
rity-onset diabetes mellitus (1). A number of analytical 
methods for the determination of glyburide in serum have 
been reported. These methods include procedures based 
on UV spectrophotometry, colorimetry following reaction 
with 2,4-dinitrofluorobenzene, fluorometry (2), and com- 
petitive protein binding (3,4). However, only a recently 
developed radioimmunoassay (4) is sufficiently sensitive 
for monitoring blood levels following administration of 


I Micronase. The Upjohn Co., Kalamazoo, MI 49001. 


'OCH , 
I 


therapeutic doses (2.5-10 mg). Although this radioim- 
munoassay is highly sensitive, with the lower limit of de- 
tection being -4 ng/ml of serum, the method lacks speci- 
ficity because of cross-reactivity of the  hydroxy metabo- 
lites of glyburide. In addition, it is necessary to prepare 
standard curves using pretreatment serum from each 
subject because the assay response is subject dependent 
(4). 


GLC has been used extensively for the analysis of sul- 
fonylureas in biological fluids (5-14). However, this tech- 
nique requires a time-consuming derivatization step to 
form volatile, thermally stable derivatives unless on-col- 
umn derivatization is employed with concomitant loss in 
reproducibility2 (12). Furthermore, the technique fre- 
quently lacks specificity since the intact compound and 
its metabolites may form identical derivatives (14, 15). 
Finally, the high molecular weight and inherently low 
volatility of glyburide or its derivatives make GLC analysis 
difficult if not impossible. 


D. G. Kaiser, The Upjohn Co..  Kalamazoo, MI 49001, personal cornmunica- 
tion. 
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POSTMARKETING DRUG SURVEILLANCE 


After being approved for marketing, any number of useful drugs have subse- 
quently been found to have serious side effects associated with their use. This sit- 
uation occurs because clinical testing during investigational trials. involves relatively 
small numbers of test subjects-usually a few hundred at most-and the principal 
objective is to determine the effectiveness of the new agent. 


Consequently, side effects which are relatively rare, or which may show up only 
in certain patient populations, or which might be so unusual or bizarre that they 
are not associated with the therapy being administered, often will not be detected 
until the drug goes into general marketing and has been in wide scale distribution 
for some time. 


Recognition of this problem has long troubled many people and groups with an 
interest in improved health care. Hence, various approaches to providing a solution 
have been tried and even more have been offered. Most observers have concluded 
that the only possible means of getting a handle on this problem is through some 
program of postmarketing drug surveillance. 


Efforts made in the past have proven unsatisfactory, however, because they relied 
on voluntary reporting uia poorly coordinated and inadequately publicized systems. 
Although both individuals and groups may have been well intended, this problem 
and the resulting programs hardly were “top priority” in terms of either resources 
or commitment. Understandably, therefore, the problem continued to grow as more 
drugs and more potent drugs were approved for marketing. 


Finally, in early 1976, Senator Edward M. Kennedy laid down a challenge to the 
drug industry in a speech at  the Annual Meeting of the Pharmaceutical Manufac- 
turers Association. 


The PMA responded tb this challenge and invited half-a-dozen professional 
health societies to join with it in funding an expert commission to study and analyze 
the problem and to develop and propose a solution. 


To  the credit of the respective organizations, there was quick general support 
for the PMA prop&. In late November 1976 the Joint Commission on Prescription 
Drug Use was officially launched with due pomp and ceremony under the bright 
lights of television cameras in a major chamber of the U.S. Capitol building, with 
Senator Kennedy personally presiding. 


It is fair to say that the Joint Commission has not enjoyed either a speedy or 
tranquil voyage during the three-year period that has ensued. 


At the time of its establishment, the message was made loud and clear that the 
Commission was to complete its work within a maximum of three years and pref- 
erably less. Moreover, it  was anticipated that progress would be such that the 
framework for a postmarketing system could begin to take shape in tandem during 
the latter half of this same three-year period. In this manner, the system could be 
operative shortly after the Commission completed its work. 


But such was not to be, and for the purposes of this column it is unnecessary to 
delve into the reasons causing these delays. Similarly, it is unnecessary here to  re- 
count what has been a rather bumpy road for the Joint Commission tb travel or the 
reasons for that bumpy ride. 


Rather, our purpose is to call attention to the expected imminent release of the 
final report of findings, conclusions, and recommendations of the Joint Commis- 
sion. 


Reports from study commissions very often have a way of rapidly slipping into 
oblivion. This fate seems to be especially common in Washington because the 
commissions themselves are often created out of political expediency. It is a con- 
venient and simple way to temporarily dispose of a controversial, emotionally 
charged issue. Then, by the time a few years have passed, and the commission issues 
its report, public interest has greatly diminished-if it has not disappeared alto- 
gether. When the issue is forgotten, it should hardly be surprising, then, that the 
report pertaining to that issue gets little and fleeting attention. 


We hope, however, that this will not be the fate of whatever comes by way of a 
report from the Joint Commission on Prescription Drug Use. The need for an answer 
to postmarketing drug surveillance is as great, if not greater, today than it was in 
1976. Moreover, much in the way of time, effort, and money has been spent during 
this three-year project. 


As one of the sponsoring organizations, APhA has a special interest in seeing that 
the Joint Commission’s report is given the careful examination and thoughtful 
scrutiny that it deserves. And, in particular, the fact that it is expected to deal with 
substantial scientific issues ought to make it of specific interest to the readers of 
this journal. 


We urge that they, as well as all health care scientists and practitioners, give the 
report their close attention, and that they actively participate in whatever forums 
develop for discussion and debate regarding its proposals. -EGF 
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Abstract a Dissolution profiles and particle-size analyses were deter- 
mined for two lots of prednisolone acetate. The effects of common sus- 
pending agents on dissolution and particle-size distributions of these 
suspensions also were investigated. Lot-blot  variation in the prednis- 
olone acetate dissolution rate was observed and was apparently related 
to the percentage of fine particles within the distribution. Carboxy- 
methylcellulose sodium inhibition of prednisolone acetate dissolution 
occurred with only one lot of raw material and seemed to be related to 
aggregation of the fine particles. Hydroxypropyl methylcellulose inhibited 
both prednisolone acetate lots and was observed with or without small 
particle aggregation. The dissolution variations observed have important 
implications in suspension formulation. 


Keyphrases a Dissolution-suspending agent effects on steroid sus- 
pensions a Steroids-prednisolone acetate suspensions, effects of sus- 
pending agents on dissolution 0 Suspensions-steroids, effects of sus- 
pending agents on dissolution 


Suspensions, capsules, and tablets share dissolution as 
a rate-limiting step for absorption and bioavailability. In 
oitro suspension dissolution has been related to the ab- 
sorption rate (1,2). Several investigators showed that the 
relationship between the dissolution rate and the formu- 
lation is most important (3-9). In particular, suspending 
agents are important in suspension dissolution (6-9). 


The dissolution of handmade and commercial pred- 
nisolone acetate suspensions has been investigated (6). 
Hydroxypropyl methylcellulose inhibits prednisolone 
acetate dissolution, and this inhibition might be reflected 
in dissolution differences among commercial suspensions. 
Similar inhibition of sulfa drug dissolution was found with 
increasing carboxymethylcellulose sodium concentrations 
(7). 


The purpose of the present study was to investigate 
systematically the dissolution-retarding effects of common 


agents on steroid suspensions (e.g., prednisolone acetate). 
Information regarding the retardation mechanism as well 
as concentration dependence and viscosity effects was 
desired. By testing a number of agents, compounds with 
minimal retarding effects could be recognized. Such in- 
format.ion should help to improve steroid suspension for- 
mulation. 


EXPERIMENTAL 


Dissolution data were obtained using a device reported by Shah et al. 
(10) with the sample basket removed. This apparatus featured a large- 
volume fluid container, a rotating filter assembly, and an external vari- 
able-speed magnetic stirrer. The rotating filter assembly provided vari- 
able mild laminar liquid agitation, and it also functioned as an in situ 
nonclogging filter to permit efficient intermittent or continuous sample 
filtration during dissolution. A 0.5-km stainless steel filter was used. 


One liter of distilled water was the dissolution medium. The temper- 
ature was maintained at  37O, and the filter assembly stirring speed was 
800 rpm. A strobe lamp was employed to standardize the stirring 
speed. 


Filtered fluid samples were withdrawn continuously at  a lW-ml/min 
rate and were circulated through a spectrophotometer' for assay and then 
back into the dissolution flask. Air bubbles were released periodically 
with an air trap. The system was allowed to equilibrate a t  least 15 min 
before the sample was added. 


Dissolution experiments were initiated by injecting 0.5 ml of a 0.25% 
prednisolone acetate suspension at  a fixed position in the beaker with 
a syringe fitted with an extra-long needle. This concentration is below 
10% saturation for prednisolone-acetate. The chart paper was marked 
at  the exact time the suspension was introduced. The absorbance of 
dissolved prednisolone acetate was recorded from the digital display of 
the spectrophotometer a t  5-sec intervals for 1500 sec and then periodi- 
cally for -2 hr. Usually, a final 24-hr reading was taken. 


1 Cary model 118, Varian Instrument Division, Palo Alto, Calif. 
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Table I-Composition of Lot A Suspensionsa 
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. .  
. . . .  


. .  


..... - 
. . .  


Prednisolone acetate 0.25 - 
Prednisolone acetate containing 0.25 0.5 


Prednisolone acetate containing 0.25 0.5 
carboxymethylcellulose sodium 


hydroxypropyl methylcellulose 4000 
CPS 


hydroxypropyl methylcellulose 4000 
CPS 


hydroxypropyl methylcellulose 50 cps 


Prednisolone acetate containing 0.25 0.1 


Prednisolone acetate containing 0.25 . 0.5 Aa 


The amount used of each suspension in the dissolution tests was 0.5 mg/ 
liter. s 5 -  - 


The prednisolone acetate was assayed at 246 nm. The absorbance of 
the suspending agents was accounted for by assaying similar dilutions 
of suspending agents as found in the dissolution flask but without 
prednisolone acetate. 


The described suspensions were prepared with a glass mortar and 
pestle. This method provided reproducible results and was easier t o  use 
than any other small-scale suspension methods attempted. The com- 
position of the suspensions is listed in Table I. 


The particle-size distribution data were obtained using an electronic 
flow counter2 with a population accessory. A convenient aspect of this 
apparatus is that the volume distribution is obtained automatically with 
no calculation by the operator. The population accessory also allows for 
a direct determination of a numbers distribution. A meter is used to 
maintain sufficient dilution to prevent multiple counts. 


A commercially available balanced electrolyte3 was saturated with 
prednisolone acetate. Particulate contamination of the electrolyte was 
avoided by filtering the saturated solutions twice through a 0.22-pm 
filter. 


.... 


RESULTS AND DISCUSSION 


Dissolution profiles and particle-size analyses were determined for two 
lots of prednisolone acetate (Lots A and B4). Lot A was studied ini- 
tially. 


The dissolution profiles for suspensions of Lot A prednisolone acetate 
and Lot A prednisolone acetate containing 0.5'70 carboxymethylcellulose 
sodium are shown in Fig. 1. Carboxymethylcellulose sodium retarded 
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Figure 1-Dissolution profiles for suspensions of Lot A prednisolone 
acetate (0) and Lot A prednisolone acetate containing 0.57h carboxy- 
methylcellulose sodium ( 0 )  (n = 3; bars show extremes). 


/., ... .. ....=...' 
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* C'oulter counter mcdel TA 11 with a 200-pm aperture tube, Coulter Electronics, 


Isoton, Coulter Diagnostics, Miami Springs, Fla. 
Lot A was code 66010 MI 19636 and Lot B was code 66010 MI 70425, Schering 


Hialeah, Fla. 


Corp., Kenilworth, N.J. 


0.8 


E 


3 
% 


fi 0 .6 -  


2 0.4 
0 
k 
I 
(3 


0 . 2 -  
3 


- 


- 


1476 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 12, December 1979 







Table 11-Particle-Size Analyses of Hydroxypropyl Methylcellulose Solutions and  Lot A Prednisolone Acetate Suspensions (n = 3) 


1 .Or 


0.8 
E 
d 


~~ 


Suspension o f  0.25% Prednisolone 
Hydroxypropyl Plain Prednisolone Acetate Containing 
Methylcellulose, Acetate Suspensiod, 0.5% Hydroxypropyl 


0.5% 0.25% Methylcellulose Particle- 
Percent Total Countsf Percent Total Counts/ Percent Total Counts/ Size Diameter, 


Volume Channel Volume Channel Volume Channel Pm 


Too few 1474 1.8 17,219 0.4 9,825 3.17 
counts to 590 2.5 11,172 0.4 5,009 4.00 
normalize data 269 4.2 7,879 1.1 3,309 5.04 


114 4.1 4,530 0.9 2,069 6.35 
59 4.5 4.530 0.9 2.069 6.35 


- 


Total 
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16 
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1 
1 
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22.5 
19.2 
7.3 
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(99.9) 


11723 
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5 
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30.1 
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0.5 


(99.9) 


1 ;499 
1,695 
1,911 
1,693 
1 ;077 


297 


10.08 
12.70 
16.00 
20.20 
25.40 
:12.00 


23 40.30 
4 50.80 
1 64 .OO 


29.966 


The dissolution curves in Fig. 3 for Lot A show that all of the sus- 
pending agents retarded prednisolone acetate dissolution, with car- 
hoxymethylcellulose sodium having a lesser effect than hydroxypropyl 
methylcellulose. 


Due to dilution with the large volume of the dissolution medium, the 
high viscosity of the suspension medium seemed to exert little or no effect 
on dissolution. Carboxymethylcellulose sodium was the most viscous 
suspension medium, and it showed the least dissolution retardation. The 
0.5% carboxymethylcellulose sodium solutions showed a viscosity of 140 
cps. Hydroxypropyl methylcellulose 50 cps, which showed the greatest 
dissolution retardation effect, was the least viscous suspending medium, 
with a 0.590 solution having a viscosity of 2.7 cps. Hydroxypropyl meth- 
ylcellulose 4000 cps had a viscosity of 19.2 cps in a 0.5% solution. Figure 
3 shows that the 0.1 and 0.5% solutions of hydroxypropyl methylcellulose 
4000 cps had approximately the same retarding effects on prednisolone 
acetate; a t  least in this original concentration range, retardation was 
concentration independent. 


The addition of a suspending agent was thought to contribute to par- 
ticle-size increases, resulting in the dissolution inhibition. To determine 
the contribution of the suspending agents to the particle-size increase, 
a 0.5% hydroxypropyl methylcellulose 4000 cps solution was sized utilizing 
the electronic counter* population accessory. Prednisolone acetate sus- 
pensions with and without 0.5% hydroxypropyl methylcellulose 4000 cps 
and 0.5% solutions of hydroxypropyl methylcellulose 4000 cps were tested 
in the same manner. Exactly one-third of a milliliter of each solution or 
suspension was added to 170 ml of presaturated and filtered electrolyte 


T 


solution in a 250-ml conical beaker. The percentages of relative volume 
and particle count for each channel were recorded (Table 11). 


As can be seen from Table 11, the total and overall counts for the simple 
0.5% hydroxypropyl methylcellulose solution after dilution were insig- 
nificant when compared to the counts for the prednisolonq acetate sus- 
pension containing the same amount of suspending agent. Total counts 
for the 0.5% hydroxypropyl methylcellulose solution were approximately 
2600, compared to 30,000 total counts for the prednisolone acetate sus- 
pension containing 0.5% hydroxypropyl methylcellulose. There were too 
few particles in the hydroxypropyl methylcellulose solution to calculate 
the percent total volume. Therefore, the presence of 0.5% hydroxypropyl 
methylcellulose does not in itself add counts or size to the suspension. 


A comparison of the suspension containing no suspending agent and 
the suspension containing 0.5% hydroxypropyl methylcellulose 4000 cps 
was interesting. The total counts for the plain prednisolone acetate sus- 
pension (-48,000 counts) were much greater. Nevertheless, the number 
of counts in the larger channels (2 16 pm) was greater for the hydroxy- 
propyl methylcellulose-containing suspension, especially in the 25.4- and 
32-pm channels. The increased counts in the large channels account for 
the shift in the particle means for the relative volume distributions. 


For particles less than 10.08 Hm, the pure prednisolone acetate sus- 
pension had approximately twice the counts when compared with the 
suspension containing a suspending agent. This finding also was reflected 
in the relative volume percentage. The suspension without a suspending 
agent had -17% of its total volume with particle sizes less than 10.08 pm, 
whereas the suspension containing a suspending agent had only 4% of 
its volume below 10.08 pm in particle size. These data substantiate the 
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Figure 4-Dissolution profiles for suspensions of Lot B prednisolone 
acetate ( 0 )  and Lot Rprednisolone acetate containing 0.5% carboxy- 
methylcellulose sodium (0). 


Figure 5-Particle-size distribution of suspensions of Lot R prednis- 
done  acetate (6) and Lot R prednisolone acetate containirlg 0.5‘ ;  
carboxymethylcellulose sodium (.....I. 
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Figure 6-Particle-size distributions of suspensions of Lot A ( - )and 
Lot R ( -  - -)  prednisolone acetate. 
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idea that the suspending agent contributes tq a particle distribution shift 
which, as will be demonstrated further, results in longer dissolution times 
for the steroid suspensions. 


Lot A prednisolone acetate was exhausted at the end of these experi- 
ments. A new lot, Lot B, was obtained from the same supplier, and several 
experiments were repeated. The experimental conditions for Lot B were 
identical with those for Lot A. 


The dissolution profiles for Lot B prednisolone acetate with and 
without 0.5% carboxymethylcellulose sodium are shown in Fig. 4. The 
0.5% carboxymethylcellulose sodium did not inhibit dissolution. This 
finding is not consistent with previous dissolution data for Lot A pred- 
nisolone acetate, where carboxymethylcellulose sodium significantly 
inhibited steroid dissolution (Fig. 1). In view of this inconsistency, both 
lots were investigated further by differential scanning calorimetry, 
zeta-potential measurement, and particle-size distribution based on 
volume. 


Pure prednisolone acetate from each lot (A and B) was studied with 
a differential scanning calorimeter a t  a heating rate of 40°/min. The 
thermograms showed no significant differences. Thus, the crystalline 
forms of each lot apparently were the same and polymorphic forms were 
not the cause of the dissolution differences. 


The electromobilities of Lots A and Bas determined with a zeta-meter 
were identical, indicating that the surface nature of the two lots was the 
same. 


The size distributions based on volume for Lot B prednisolone acetate 
with and without 0.5% carboxymethylcellulose sodium are shown in Fig. 
5. The presence of carboxymethylcellulose sodium caused a shift to the 
right on the volume distribution curve. The magnitude of the shift was 
much less pronounced, particularly in the area of fine particles, when 
compared with similar data for Lot A (Fig. 2). A further comparison of 
particle-size characteristics is shown in Fig. 6 where the particle-size 
distribution for Lots A and B prednisolone acetate are presented. These 
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Figure 7-Dissolution profiles for suspensions of Lot A (0) and Lot B 
( 0 )  prednisolone acetate. 
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Figure 8-Particle-sire distributions of suspensions of Lot Bprednis- 
olone acetate (-) and Lot B prednisolone acetate containing 0.5% 
hydroxypropyl methylcellulose 4000 cps (--). 


data show that Lot A contained considerably more fine particles than 
did Lot B. In fact, 20% of the population for Lot A based on volume was 
5 10 pm, whereas only 10% by volume of Lot B was in the same sue range. 
Thus, the dissolution rate for Lot A was expected to exceed that for Lot 
B because of increased surface area. This rationalization was substan- 
tiated by comparing the dissolution profiles for Lots A and B. The dis- 
solution data are shown in Fig. 7 where the initial dissolution rate for Lot 
A exceeded that for Lot B. 


It is apparent that Lot A prednisolone acetate dissolved at  a more rapid 
rate than Lot B (Fig. 7) because of particle-size differences (Fig. 6). 
Therefore, it is believed that carboxymethylcellulose sodium interacts 
with prednisolone acetate in some manner and that this interaction may 
have a twofold effect: ( a )  it might reduce the number of fine particles 
(510 pm) in suspension (dominant in Lot A), and ( b )  it  might enhance 
the dissolution of larger prednisolone acetate particles (dominant in Lot 
B). With Lot A, where many fine particles exist, the removal of fine 
particles predominates and. an apparent dissolution reduction occurs. 
With Lot B, there are fewer fine particles initially and an apparent 
prednisolone acetate dissolution increase occurs (Fig. 4) when carboxy- 
methylcellulose sodium is present. 


Unlike carboxymethylcellulose sodium, hydroxypropyl methylcellulose 
inhibited the dissolution of Lot B prednisolone acetate. This inhibition 
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Figure 9-Suspension dissolution profiles. Key: 0, Lot B prednisolone 
acetate; 0, Lot B prednisolone acetate containing 0.5% carboxymeth- 
ylcellulose sodium; A, Lot B prednisolone acetate containing 0.5% 
hydroxypropyl methylcellulose 4000 cps; A, Lot B prednisolone acetate 
containing 0.5% hydroxypropyl methylcellulose 50 cps; ., Lot B 
prednisolone acetate containing 0.1 % hydroxypropyl methylcellulose 
4000 cps; and 0, Lot B prednisolone acetate containing 0.1 % hydrox- 
ypropyl methylcellulose 50 cps; n = 3. 
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was unrelated to the particle size. The size distributions for suspensions 
of Lot B prednisolone acetate with and without the presence of hydrox- 
ypropyl methylcellulose were almost identical (Fig. 8). 


The dissolution profiles for Lot B prednisolone acetate suspensions 
are summarized in Fig. 9. The presence of hydroxypropyl methylcellulose 
in all concentrations and at all viscosities seemed to inhibit the dissolution 
of Lot B. This finding is similar to the results found in experiments with 
Lot A. As with Lot A, the degree of inhibition did not appear to depend 
on the original viscosity or concentration of hydroxypropyl methylcel- 
lulose used. The 0.1 and 0.5% hydroxypropyl methylcellulose 4000 cps 
and the 0.1 and 0.5% hydroxypropyl methylcellulose 50 cps all inhibited 
Lot B prednisolone acetate to approximately the same degree. 


The agents studied are common suspending agents, and brand-to- 
brand variations in the dissolution of commercial prednisolone acetate 
products exist (5). Particle-size differences are not the only factors to 
consider when studying the variation of drug dissolution profiles. Other 
factors such as the method of manufacture (milling and order of milling 
and mixing) and aging may alter these results. 


In conclusion, the common ionic suspending agent carboxymethyl- 
cellulose sodium acted in two ways. It seemed to alter the particle-size 
distribution by reducing the percentage of fine prednisolone acetate 
particles in suspension, and it enhanced prednisolone acetate dissolution. 
With Lot A prednisolone acetate, which contained a larger percentage 
of fine particles, the reduction of these fine particles was sufficient to 
exceed the concurrent dissolution rate increase. Therefore, the net result 
was decreased prednisolone acetate dissolution. But with Lot B, where 
the proportion of fine particles was small and there was no significant 
change in particle-size distribution, the dissolution enhancement prop- 
erties of carboxymethylcellulose sodium predominated. Thus, the effects 
of carboxymethylcellulose sodium on prednisolone acetate dissolution 
were lot-to-lot dependent, witif the main variable being the particle 
distribution of the powder. 


Dissolution inhibition of the two lots by nonionic hydroxypropyl 
methylcellulose, which also can alter particle-size distribution, was in- 
dependent of lot-to-lot variation. This inhibition might be due to the 
formation of a ,viscous diffusion layer similar to that described for 
methylcellulose (4). Since hydroxypropyl methylcellulose is used in many 
commercial prednisolone acetate suspensions, this finding should be 
considered by formulation scientists. 
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Abstract 0 A reaction rate method for the determination of beta- 
methasone, betamethasone valerate, triamcinolone acetonide, and flu- 
ocinolone acetonide is described. The method is based on a modification 
of the widely accepted blue tetrazolium reaction. Analysis times of 30-70 
sec are required. Relative standard deviations of 0.3-1.9% are obtained, 
and the analytical working curves are linear. Analysis of pharmaceutical 
skin preparations by the new method gave results that correlated well 
with the time-consuming standard equilibrium method. Analysis of be- 
tamethasone and betamethasone valerate mixtures by measuring ab- 
sorbance values a t  two different times was performed also. 
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A widely used spectrophotometric method for the de- 
termination of corticosteroid purity and the potency of 
dosage forms containing such steroids is based on the blue 
tetrazolium reaction (1). Blue tetrazolium (I), 3,3’-(3,3’- 
dimethoxy[l,l’ - biphenyl] -,4,4’ - diyl)bis[2,5 - diphenyl- 


2H-tetrazolium] dichloride, in an alcoholic solution of a 
strong base oxidizes the a-ketol group on the C17 side chain 
and is reduced quantitatively to red formazan, which is 
measured spectrophotometrically a t  525 nm. This ab- 
sorbance, measured a specified time after mixing of the 
sample with I and the base, is compared to the absorb- 
ances of a blank and of a standard solution to quantitate 
the steroid concentration in the sample. This procedure 
is the basis for the official NF (2) and USP (3) 
method. 


BACKGROUND 


Extensive investigations (4-13) of the reaction conditions established 
that the analytical procedure is subject to many variables such as tem- 
perature; solvent; concentrations of base, water, and tetrazolium; steric 
configuration of the corticosteroid molecule; light; and air oxygen. The 
effect of these variables is minimized by analyzing reagent blanks, 
standards, and samples concurrently. In addition to these problems, 
which decrease the precision and the accuracy of the official equilibrium 
method, long measurement times of 30-470 min are necessary for maxi- 
mum absorbance (10). 


Under the conditions usually employed in the assay, where the steroid 
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was unrelated to the particle size. The size distributions for suspensions 
of Lot B prednisolone acetate with and without the presence of hydrox- 
ypropyl methylcellulose were almost identical (Fig. 8). 


The dissolution profiles for Lot B prednisolone acetate suspensions 
are summarized in Fig. 9. The presence of hydroxypropyl methylcellulose 
in all concentrations and at all viscosities seemed to inhibit the dissolution 
of Lot B. This finding is similar to the results found in experiments with 
Lot A. As with Lot A, the degree of inhibition did not appear to depend 
on the original viscosity or concentration of hydroxypropyl methylcel- 
lulose used. The 0.1 and 0.5% hydroxypropyl methylcellulose 4000 cps 
and the 0.1 and 0.5% hydroxypropyl methylcellulose 50 cps all inhibited 
Lot B prednisolone acetate to approximately the same degree. 


The agents studied are common suspending agents, and brand-to- 
brand variations in the dissolution of commercial prednisolone acetate 
products exist (5). Particle-size differences are not the only factors to 
consider when studying the variation of drug dissolution profiles. Other 
factors such as the method of manufacture (milling and order of milling 
and mixing) and aging may alter these results. 


In conclusion, the common ionic suspending agent carboxymethyl- 
cellulose sodium acted in two ways. It seemed to alter the particle-size 
distribution by reducing the percentage of fine prednisolone acetate 
particles in suspension, and it enhanced prednisolone acetate dissolution. 
With Lot A prednisolone acetate, which contained a larger percentage 
of fine particles, the reduction of these fine particles was sufficient to 
exceed the concurrent dissolution rate increase. Therefore, the net result 
was decreased prednisolone acetate dissolution. But with Lot B, where 
the proportion of fine particles was small and there was no significant 
change in particle-size distribution, the dissolution enhancement prop- 
erties of carboxymethylcellulose sodium predominated. Thus, the effects 
of carboxymethylcellulose sodium on prednisolone acetate dissolution 
were lot-to-lot dependent, witif the main variable being the particle 
distribution of the powder. 


Dissolution inhibition of the two lots by nonionic hydroxypropyl 
methylcellulose, which also can alter particle-size distribution, was in- 
dependent of lot-to-lot variation. This inhibition might be due to the 
formation of a ,viscous diffusion layer similar to that described for 
methylcellulose (4). Since hydroxypropyl methylcellulose is used in many 
commercial prednisolone acetate suspensions, this finding should be 
considered by formulation scientists. 
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sec are required. Relative standard deviations of 0.3-1.9% are obtained, 
and the analytical working curves are linear. Analysis of pharmaceutical 
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A widely used spectrophotometric method for the de- 
termination of corticosteroid purity and the potency of 
dosage forms containing such steroids is based on the blue 
tetrazolium reaction (1). Blue tetrazolium (I), 3,3’-(3,3’- 
dimethoxy[l,l’ - biphenyl] -,4,4’ - diyl)bis[2,5 - diphenyl- 


2H-tetrazolium] dichloride, in an alcoholic solution of a 
strong base oxidizes the a-ketol group on the C17 side chain 
and is reduced quantitatively to red formazan, which is 
measured spectrophotometrically a t  525 nm. This ab- 
sorbance, measured a specified time after mixing of the 
sample with I and the base, is compared to the absorb- 
ances of a blank and of a standard solution to quantitate 
the steroid concentration in the sample. This procedure 
is the basis for the official NF (2) and USP (3) 
method. 


BACKGROUND 


Extensive investigations (4-13) of the reaction conditions established 
that the analytical procedure is subject to many variables such as tem- 
perature; solvent; concentrations of base, water, and tetrazolium; steric 
configuration of the corticosteroid molecule; light; and air oxygen. The 
effect of these variables is minimized by analyzing reagent blanks, 
standards, and samples concurrently. In addition to these problems, 
which decrease the precision and the accuracy of the official equilibrium 
method, long measurement times of 30-470 min are necessary for maxi- 
mum absorbance (10). 


Under the conditions usually employed in the assay, where the steroid 
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Figure 1-Effect of tetramethylammonium hydroxide concentration 
(0 ,0 .596;0 ,  196; n , J % ; a n d  X,5%)onthereactionratefor14mgof 
betamethasone/fOO ml. 


is present at a much lower concentration than that of the base and the 
I reagent, the formazan appearance rate exhibits a first-order dependency 
on the steroid concentration (6). This behavior is of potential analytical 
utility because the reaction rate methods (14) are time saving and less 
sensitive to the reaction variables. Oteiza et al. (15), using the stopped- 
flow technique, deve1oped.a new reaction rate procedure for hydrocor- 
tisone determination which decreases the analysis time and increases the 
precision and accuracy considerably. 


In this paper, the application of the reaction rate procedure is extended 
to betamethasone, betamethasone valerate, triamcinolone acetonide, and 
fluocinolone acetonide. Results obtained by the reaction rate method are 
compared with the USP-NF method for pharmaceutical skin prepara- 
tions. The same technique was used to analyze betamethasone and be- 
tarnethasone valerate mixtures. 


EXPERIMENTAL 


Apparatus-The apparatus used for the reaction rate method was 
the automated system described previously (16,17). Thissystem provided 
for automatic aliquoting and mixing of the sample and reagent and for 
delivery of the mixed solution into the measurement cell (2-cm path 
length, 60-pl volume) by a stopped-flow unit incorporated in a modular 
spectrophotometer. Automation was achieved by a minicomputer' with 
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Figure 2-Effect of tetramethylammonium hydroxide concentration 
(A, 0.5%; X, 1 % ;  0 ,  3%; and 0 , 5 A )  on the reaction rate for 30.0 mg 
o f  betanethasone valeratel100 ml. 


"I a 
0.8 


!2 
2 


I I 


30 60 
0' 


SECONDS 
Figure 3-Reaction rate curves for hetamethasone concentrations of 
2.00 ( O ) ,  6.00 (0),8.00 (A), 10.0 (XI, and 14.0 ( 0 )  mg/lOO rnl using596 
tetramethylammonium hydroxide. 


a 16 K memory. Associated peripheral devices were a teletype, a dual 
magnetic tape 110, a linear printer, and an oscilloscope display. 


Several programs have been developed for the investigative or the 
routine operation mode. The investigative mode provides flexible data- 
taking options, oscilloscope display, data printing, and extraction of rate 
or equilibrium information from various portions of the absorbance-time 
curve. I t  generally is used for initial characterization or fundamental 
studies. The routine mode provides sequential analyses of standards and 
samples placed on a turntable and printing of a working curve and sample 
values. Either rate or equilibrium methods may be selected. An auto- 
mated computer-controlled solution-handling system utilizing weights 
of solution can be used in conjunction with this system for the preparation 
of standards and samples (18). A ratio-recording spectrophotometer* was 
used for the equilibrium measurements. 


Reagents-Corticosteroid stock solutions, 20 mg/100 inl, were pre- 
pared weekly by dissolving 20 mg of betametha~one~,  betamethasone 
valerate3, triamcinolone acetonide4, or fluocinolone acetnnide5 in 100 ml 
of 95% ethanol. A 0.5% blue tetrazolium6 solution was prepared by dis- 
solving 0.5 g of blue tetrazolium in 100 ml of absolute methanol. This 
solution was protected from light. A 5% solution of tetramethylammo- 
nium hydroxide was prepared by dissolving 2.5 g of tetramethylammo- 
nium hydroxide pentahydrate6 in 50 ml of USP reagent quality absolute 
ethanol7. Different base concentrations were prepared from the 5% so- 
lution by appropriate dilution with absolute ethanol. 


The standard corticosteroid solutions were prepared daily by adding 
2 ml of the blue tetrazolium solution to an appropriate volume of the stock 
corticosteroid solution and diluting to 10 ml with 95% ethanol. Standard 
betamethasone and betamethasone valerate solutions were prepared 
similarly. 


Sample Preparation-Samples were prepared from the pharma- 
ceutical preparations-lotions, creams, and ointments-by the column 
chromatographic procedure of Graham et al. (19). in which the cortico- 
steroid is held on the acetonitrile-diatomaceous earth column while de- 
composition products and interfering substances are removed by n- 
heptane. The corticosteroid was eluted from the column with chloroform. 
The eluate was evaporated carefully to dryness, and the residue was 
dissolved in 95% ethanol and diluted to 25 mi. A 5-ml aliquot was added 
to 2 ml of blue tetrazolium solution and diluted to 10 ml with 95% ethanol. 
This 10-ml solution is referred to here as the sample. The column could 
be readily modified to include acidic, basic, or neutral aqueous trap layers 
when necessary. Approximately 30 min was routinely required to prepare 
an interference-free sample for analysis. 


Equilibrium Procedure-The equilibrium procedures were the of- 
ficial procedures given in USP XIX and NF XIV. The absorbance was 
measured at a specified time (45-90 min) after the standards and samples 
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Table I-Reaction Rates for Different Measurement Times for 
Triamcinolone Acetonide a 


Measurement 
Time, sec Rate, Amamp/sec * RSD, % 


5.0 12.1 1.7 
10.0 12.0 1.0 
15.0 12.0 0.6 
20.0 11.8 0.4 
25.0 11.8 0.8 


0 Analysis of 5 mg/100-ml standard with 10-sec delay time. Average of five 
determinations on a single sample. 


Table 11-Results Used for Corticosteroid Reaction Rate 
Working Curves 


Concentration, Rate, 
Corticosteroid mg/100 ml Amamp/sec" RSD, % 


Betamethasone 10.0 6.9 
valeratec 15.0 10.5 


20.0 14.5 
30.0 22.0 


Triamcinolone 1.00 2.3 
acetonided 3.00 6.8 


5.00 11.4 
7.00 16.2 


10.0 23.6 
Fluocinolone 0.50 3.1 


acetonidee 1.00 6.2 
2.50 15.6 
3.50 22.5 


1.5 
1.1 
1.6 
0.7 
1.2 
0.6 
0.9 
0.9 
1.4 
0.4 
0.7 
0.3 
0.7 
1.9 
1.7 
0.8 
0.8 


~~~ ~ 


0 Average of five determinations on a single sample. b Working curve: slope = 
1 .1  1,  intercept = 5.4, and r = 0.9991. Working curve: slope = 0.758, intercept = 
-0.7, and r = 0.9998. Working curve: slope = 2.37, intercept = -0.2, and r = 
0.9996. Working curve: slope = 6.44, intercept = -0.2, and r = 0.9995. 


were mixed with the two reagents, and the mixtures were allowed to stand 
in the dark. 


Reaction Rate Procedure-One hundred microliters each of the 
tetramethylammonium hydroxide solution and the appropriate standard 
or sample were sampled by the automatic syringes of the stopped-flow 
module (17). The syringes in the module then drove the solutions through 
the mixer and transferred the mixed solution to the observation cell. The 
change in absorbance was automatically monitored at 525 nm during the 
selected measurement time and used to construct a rate curve and a 
working curve or to provide quantitative concentration information for 
the pharmaceutical skin preparations. 


The solutions and spectrophotometer were at ambient temperature 
in a temperature-controlled laboratory maintained at  a nominal tem- 
perature of 25'. 


RESULTS AND DISCUSSION 


As shown in Fig. 1, the reaction rate was strongly dependent on the base 


Figure 4-Reaction rate curves for 10 mg of betamethasone/100 m l ( 0 )  
and for 15 mg of betamethasone ualerate/100 ml (A). 


concentration. The appropriate base strength could be chosen to provide 
the sensitivity needed at a minimum cost per analysis. Good sensitivities 
and precisions could be obtained in relatively short measurement times 
with the 5% base. The effect of base concentration was more critical for 
corticosteroid-17 ester reactions where the ester hydrolysis was a pre- 
requisite. As shown in Fig. 2, in the betamethasone valerate reaction, the 
hydrolysis step appeared prior to the reaction process. Attempts to 
provide ester hydrolysis before the reaction with blue tetrazolium showed 
that both the corticosteroid and its esters were partially d e c o m p d  after 
contact with tetramethylammonium hydroxide. 


The reaction rate curves for the four standards of betamethasone with 
5% base over 60 sec are shown in Fig. 3. The reaction curves are suffi- 
ciently straight lines, as a result of the first-order conditions. A 10-sec 
delay after mixing was employed before the measurement period for 
betamethasone, triamcinolone acetonide, and fluocinolone acetonide. 
This time allowed for any nonreproducible behavior near the beginning 
of the reaction to terminate. For betamethasone valerate, a 40-sec delay 
was needed for completion of hydrolysis. The optimum measurement 
times were determined by using these delay times and varying the rate 
measurement over various periods. The results for triamcinolone ace- 
tonide are shown in Table I. The best reproducibility, -0.4%, was ob- 
tained with a 20-sec measurement time. Similar results were obtained 
for betamethasone and fluocinolone acetonide. For betamethasone val- 
erate, a 30-sec measurement time was optimum. 


The results obtained for the working curves are shown in Table 11. Good 
linearity was obtained for concentrations of 2-15 mg/100 ml for beta- 
methasone, 10-30 mg/100 ml for betamethasone valerate, 1-10 mg/100 
ml for triamcinolone acetonide, and 0.5-3.5 mg/100 ml for fluocinolone 
acetonide. The relative standard deviations varied from 0.3 to 1.9%. The 
working curves could be generated in -8 min for triplicate analyses on 
each standard. This period is more than a factor of 10 less than the time 
required to prepare a working curve for the equilibrium method where 
single determinations on a standard, sample, and blank are generally 
performed (2,3). Thus, the total analysis time, including sample prepa- 


Table 111-Corticosteroid Assay Results from Commercial Skin Preparations 


Concentration, Assay, % of declared 
Preparation % Product Type Reaction Ratea Equilibrium Difference' 


Betamethasone valerate 1 
2 
3 
4 


Triamcinolone acetonide 5 
6 
7 
8 


Fluocinolone acetonide 9 
10 
11 
12 


0.1 
0.1 
0.01 
0.01 
0.1 
0.5 
0.5 
0.1 
0.025 
0.025 
0.025 
0.01 


Lotion 
Lotion 
Cream 
Cream 
Ointment 
Ointment 
Cream 
Cream 
Cream 
Cream 
Cream 
Cream 


76.0 
74.8 
94.2 


90.9 
94.2 
91.5 
79.9 
97.4 
95.2 
95.1 


90.8 


97.8 


75.2 
75.5 
95.0 
90.0 
91.8 
96.2 
90.0 
82.1 


95.0 
94.6 
98.5 


98.9 


+o.a 
-0.8 
+o.a 
-0.7 


-0.9 
-2.0 
+1.5 
-2.2 
-1.5 
+0.2 
+0.5 
-0.7 


0 Average of three determinations on a single sample. b Average of two determinations on a single sample. e Percent of reaction rate minus percent by equilibrium. 
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Table IV-Analysis of Betamethasone and Betamethasone 
Valerate Mixtures 


Steroid Taken, Steroid Found‘, 
mg/100 ml mg/100 ml 


Betamethasone Betamethasone 
Betamethasone . Valerate Betamethasone Valerate 


4.00 30.0 4.41 27.5 
6.00 25.0 6.13 24.4 
8.00 20.0 7.61 21.8 


10.0 15.0 9.30 17.5 
12.0 5.0 12.5 4.3 


a Average of three determinations on a single sample where KB = 4.494 (intercept 
= -0.006 and r = 0.99941. KBV = 1.078 (intercept = +0.02 and r = 0.9998). K B  = 
8.443 (intercept = -0.07 and r = 0.9994), and Khv = 3.379 (intercept = -0.04 and 
r = 0.998). 


ration, can be reduced from over 2 hr using the equilibrium procedure 
to slightly over 30 min with the reaction rate procedure. The addition of 
acid to stop the very slow reaction, used in equilibrium procedures for 
betamethasone valerate and triamcinolone acetonide, is also unnecessary. 
Table 111 shows results*obtained on a series of commercial lotions, creams, 
and ointments by the new reaction rate method and by the official 
method for steroid analysis. Good agreement exists between the two 
methods (differences of 0.2-2.2%). 


The difference in the betamethasone and betamethasone valerate re- 
action rates can be used for analyzing mixtures of these closely related 
steroids. Betamethasone valerate, being an ester, has a relatively slow 
reaction rate due to the hydrolysis step. Figure 4 shows reaction curves 
for equivalent quantities of the two steroids. For the analysis of mixtures, 
the method of proportional equations (20) was employed. In a reacting 
mixture containing both steroids, a common product, the formazan, was 
produced by the two simultaneous processes. Although the kinetics of 
formazan generation in ester reaction are complex and not first order, 
absorbance at  a constant reaction time is directly proportional to the 
initial ester concentration. Therefore, the method of proportional 
equations can be used to analyze mixtures of betamethasone and beta- 
m.ethasone valerate. The absorbance, which is specific for the product, 
is thus established at  any time by: 


A = K B B  + KBvBV 


where A is the absorbance a t  525 nm; B and BV are the initial concen- 
trations of betamethasone and betamethasone valerate, respectively; and 
K 3  and K ~ v  are the experimental slopes of absorbance versus beta- 
methasone and betamethasone valerate concentrations, respectively. 


Measurement of absorbance values a t  a shorter time, t ,  and a t  a longer 
time, t ’ ,  allows the formulation of two equations, which can be solved 
simultaneously to yield values for B and BV. The experimental factors 
K s  and KBV for time t and K;  and K;v for time t’ were calculated by 
measuring absorbance values for standard steroid solutions. For this 
system, 30- and 50-sec times were appropriate. Analysis of binary mix- 
tures containing 4-12 mg/100 ml of betamethasone and 30-5 mg/100 ml 
of betamethasone valerate were carried out (Table IV). 


The method was also applied to an aged 0.1% betamethasone valerate 
lotion (a year after the expiration date). Only 67.5% of betamethasone 


(Es. 1) 


valerate was present, and 8.3% was hydrolyzed to betamethasone. De- 
composition of the rest must be assumed. 


These results were obtained on an automatic stopped-flow spectro- 
photometric system with several features to ensure high reliability in its 
measurements. A beam splitter and a reference detector were employed 
to correct for light source fluctuations (16). The stopped-flow module 
provided precisions better than 0.1% RSD for the aliquoting, mixing, and 
transferring of solutions to the 2-cm observation cell. The entire system 
was controlled by a minicomputer, eliminating most manual steps re- 
quired for investigative or routine use. Finally, the rapid analysis time 
and excellent results recommended this system for routine analytical 
applications. 
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Abstract 0 Intravenous heparin injection significantly increased the 
free bilirubin and salicylate fractions in the plasma of rats. This effect 
occurred within 2 min after injection of 500 U of heparinhg and lasted 
for 15-45 min (bilirubin) or for >45 min (salicylate). In uitro addition 
of heparin to plasma had no quantitatively significant effect on the 
protein binding of bilirubin and salicylate. The in uiuo effect of heparin 
on protein binding was reversible by treating the plasma with adivated 
charcoal, a procedure known to remove fatty acids from albumin. Since 
protein binding affects the pharmacokinetic characteristics and the 
pharmacological activity of drugs, the heparin-drug interaction may have 
significant clinical implications. Use of heparinized plasma for exchange 
transfusion in the treatment of neonatal jaundice may be hazardous. 


Keyphrases 0 Heparin-effect on plasma protein binding of bilirubin 
and salicylate, rats Anticoagulants-heparin, effect on plasma protein 
binding of bilirubin and salicylate, rats 0 Bilirubin-plasma protein 
binding, effect of heparin, rats 0 Salicylate-plasma protein binding, 
effect of heparin, rats 


Heparin is a widely used injectable anticoagulant. It is 
not only administered for direct therapeutic purposes but 
also as a concomitant of blood exchange transfusions and 
to facilitate hemodialysis. There have been reports that 
heparin injection or infusion decreases the plasma or serum 
protein binding of endogenous substances such as tri- 
iodothyronine (l), of the neutral drugs digoxin and digi- 
toxin (2), and of the basic drug propranolol (3). On the 
other hand, the plasma protein binding of warfarin, a weak 
acid, has been reported to increase greatly after heparin 
injection (4). 


Plasma protein binding can have a pronounced effect 
on the pharmacokinetic characteristics and pharmaco- 
logical activity of drugs that are normally extensively 
bound (5).  Sudden displacement of such drugs or of a po- 
tentially toxic endogenous substance from plasma protein 
binding sites could have serious consequences (6, 7). 
Heparin effects on plasma protein binding, if not recog- 
nized and accounted for, may also influence pharmacoki- 
netic and toxicological findings in animals. It is desirable, 
therefore, to assess the magnitude, time course, dose de- 
pendence, and mechanism of the heparin effect on the 
plasma protein binding of important drugs and endoge- 
nous substances. 


In this investigation, the effect of heparin injection on 
the plasma protein binding of bilirubin and salicylate was 
determined as a function of time in rats. Bilirubin was 
selected because its total (sum of free and bound) con- 
centration in plasma is often used as a diagnostic index of 
liver function; a decrease in the protein binding of this 
heme pigment causes a decrease of total concentration (6, 
7) and may lead to erroneous clinical interpretations. 


Unconjugated hyperbilirubinemia in neonates is often 
treated with exchange transfusions of heparinized blood 
(8,9); a displacement of protein-bound bilirubin during 
this procedure may be hazardous. Salicylic acid was em- 
ployed in this study as a representative and widely used 


weakly acidic drug. Its binding to plasma proteins is af- 
fected by age and disease (10,l l), and there are indications 
that its pharmacological effect is a function of the free drug 
concentration (12). 


Previous investigations of the effect of heparin injection 
on plasma protein binding of drugs revealed a strong cor- 
relation between the change in protein binding and the 
concentration of free fatty acids (2, 3). It has been sug- 
gested, therefore, that the heparin effect is the result of 
drug displacement from plasma protein binding sites by 
free fatty acids whose concentration in plasma has been 
elevated due to the increased lipoprotein lipase activity 
caused by heparin administration (2,3). Fatty acids ad- 
sorbed on serum albumin can be removed by treatment 
with activated charcoal (13). This treatment was employed 
to determine if heparin-induced changes in the plasma 
protein binding of bilirubin and salicylate are reversible 
upon removal of fatty acids (and possibly other bound 
substances) from plasma proteins. 


EXPERIMENTAL 


The effect of heparin injection on the plasma protein binding of bili- 
rubin as a function of time was determined by administering 200 or 500 
U of heparidkg' or an equal volume of saline solution by rapid intrave- 
nous injection to male Sprague-Dawley rats2 weighing 300-325 g and 
maintained on a standard diet3. The solutions were injected into the right 
jugular vein through a cannula implanted 1 day earlier (14). Crossover 
experiments were carried out 2 weeks later.. 


Mainstream blood samples (0.7-0.8 ml) were withdrawn into a plastic 
syringe4 through one outlet of a three-way stopcock as described previ- 
ously (14), except that the cannulas were filled with saline solution rather 
than with heparin between blood withdrawals. The blood samples were 
immediately transferred to heparinized glass capillary tube@, which were 
centrifuged for plasma separation. These blood withdrawals were made 
before injection and 5,10,15, and 45 min after injection. 


In a subsequent study on other rats, blood was collected before and 2, 
3, and 4 min after injection. The jugular cannulas of some rats did not 
remain patent for 2 weeks. These animals were recannulated on the left 
side 1 day before the crossover study. 


An aqueous bilirubin6 solution was prepared by dissolving the pigment 
in a small volume of distilled water with the aid of a few drops of 2.5 N 
NaOH and adding sufficient distilled water and 0.5 N HCl to yield a pH 
7.8-8.0 solution containing 6 mg of bilirubin/ml. The solution was always 
freshly prepared and protected from light. Five microliters of this solution 
was added to 300 pl of plasma to produce a plasma bilirubin concentration 
of 10 mg/100 ml. The free bilirubin fraction in plasma was determined 
in triplicate by the peroxidase-catalyzed reaction rate method (6, 15). 
The reaction time was always 2 min, 


The effect of heparin injection on the plasma protein binding of sali- 
cylate was studied in another group of rats, using the same in uiuo tech- 


1 Heparin sodium injection USP, 1000 U/ml, from beef lung, The Upjohn Co., 


2 Blue Spruce Farms, Altamont, N.Y. 
3 Charles River formula 4RF. 


Kalamazoo, Mich. 


Plastipak, 1 cc TB, Becton Dickinson Co., Rutherford, N.J. 
Red Tip Caraway, HR18889-306000, Sherwocd Medical Industries, St. Louis, 


6 Crystalline bilirubin from bovine gallstones, Sigma Chemical Co., St. Louis, 
Mo. 
Ma. 


002235491 791 1200- 1483$01.0OlO 
@ 1979, American Pharmaceutical Association 
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Table I-Effect of Heparin Injection, 500 U/kg, on Plasma 
Protein Binding of Bilirubin in Rats  


Free Fraction X lo4, Statistical 
mean f SD, n = 7 Significance 


Minutes HeDarin Saline of Difference" 


Table  111-Effect of Heparin Injection, 500 U/kg, on Plasma 
Protein Binding of Salicvlate in  Rats  


Number Free Fraction X 100, Statistical 
of mean f SD Significance 


Minutes Animals Heparin Saline of Differencea 
~~ 


0 5.8 f 1.8 5.6 f 1.6 NS 
5 23.1 f 12.1 6.9 f 1.5 p < 0.0025 


10 11.2 f 3.5 6.2 f 1.2 p < 0.025 
15 9.5 f 4.0 6.4 f 2.1 p < 0.05 
45 6.6 f 1.9 5.6 f 1.5 NS 


0 6 53.6 f 8.9 58.4 f 7.2 NS 
5 5 92.2 i= 7.4 60.1 f 6.3 p < 0.0005 


10 6 85.5 i= 6.7 59.8 f 7.2 p < 0.0005 
15 6 80.3 f 6.7 59.2 f 1.6 p < 0.0005 
45 5 78.0 f 7.2 58.4 f 2.4 p < 0.0005 


4 Paired t test. 


Table  11-Effect of Heparin Injection, 200 U/kg, on Plasma 
Protein Binding of Bilirubin in  Rats  


Paired t test. 


Table  IV-In Vitro Effect of Heparin,  25,000 U/liter, on the 
Protein Binding of Bilirubin a n d  Salicylate in R a t  Plasma 


Number Free Fraction X lo4, Statistical 
of mean f SD Significance 


Minutes Animals Heparin Saline of Difference" 


Bilirubin Free Salicvlate Free ,----- ~ ~~- 
Fraction x 104 F L t i o n  x 100 


Heparin Control Heparin Control 


0 5 5.1 f 1.7 5.3 f 1.2 NS 
5 3 7.9 f 0.9 5.4 f 1.2 


10 5 7.5 f 2.4 4.7 f 0.6 p < 0.025 
15 3 6.4 f 0.5 5.3 f 0.8 
45 5 5.0 f 2.0 4.8 f 1.1 NS ' 


(I Paired t test. Done only for groups with R = 5. 


niques as those employed in the bilirubin experiment. The free salicylate 
fraction was determined by equilibrium dialysis of 400 rl of plasma 
against an equal volume of 0.134 M phosphate buffer, pH 7.4, containing 
30 mg of sodium salicylate/100 ml. Dialysis was carried out for 4 hr a t  37' 
with Plexiglas cells rotated in a water bath. The cell chambers were 
separated by a membrane made from natural cellulose with a molecular 
weight cutoff between 12,000 and 14,O0O7. Salicylate was assayed by the 
method of Brodie et al. (16), using carbon tetrachloride for extraction. 


Plasma for experiments to determine the effect of treatment with ac- 
tivated charcoal on the protein binding of bilirubin and salicylate was 
obtained by withdrawing -10 ml of blood from the abdominal aorta of 
ether-anesthetized rats into a plastic syringes containing -250 U of 
heparin. Plasma was separated by centrifugation in polypropylene tubes. 
Such blood withdrawals were made from rats that  had not received 
heparin or saline injections (representative of conditions before injection) 
and from other rats 5 min after intravenous injection of heparin, 500 Ukg, 
or of an equal volume of saline solution. 


Treatment of plasma with activated charcoal was carried out by a lit- 
erature procedure (13), which consisted of acidifying the plasma to pH 
3 after charcoal addition, separation of charcoal by centrifugation 
(20,OOOXg for 20 rnin a t  2O) after 1 hr of stirring in an ice bath, and 
readjustment of the plasma pH to 7.4. To minimize plasma dilution, 1 
N rather than 0.2 N HCI and NaOH (as specified in Ref. 13) were used 
for pH adjustment. The charcoalg was prewashed by preparing a slurry 
in 2 N HCI. The acid was removed by decanting, and the procedure was 
repeated several times with distilled water until the decanted water pH 
was nearly neutral. This process also removed very fine charcoal particles, 
which would have been difficult to separate from plasma. The charcoal 
was dried a t  room temperature. Another group of plasma samples was 
acidified, stirred, centrifuged, and readjusted to pH 7.4 without addition 
of charcoal to determine the effect of pH manipulation on binding 
characteristics. Total plasma protein concentrations were determined 
by the biuret method (17) with crystalline rat serum albumin as the 
standard. The albumin fraction was determined by electrophoresislO. 


Protein binding of bilirubin and salicylate in the charcoal-treated 
plasma samples and in the appropriate control plasma was determined 
as described in a preceding paragraph. 


To determine the possible effect of ether anesthesia on protein binding, 
rats were anesthetized with ether, and a cannula was implanted in the 
right jugular vein (14). Blood was withdrawn immediately after im- 
plantation (after -25 min of anesthesia) and 45 min and 24 hr after re- 
covery. Plasma was separated and used for bilirubin binding determi- 
nations as described previously. 


6.22 5.07 
5.93 5.32 
6.30 5.53 
6.13 5.67 


Mean KE m 
D < 0.01 


66.6 68.2 
65.2 65.8 
67.3 63.9 
65.4 65.6 m 653 


NS 


RESULTS 


Heparin, 500 U/kg iv, caused a pronounced increase in the free bilirubin 
fraction for a t  least 15 min after injection. At 45 min after injection, the 
free bilirubin fraction value had returned to near normal (Table I). A 
considerably less pronounced effect was obtained when only 200 U of 
heparinkg was injected (Table 11). Since the largest effect of heparin was 
observed at the first postinjection blood withdrawal ( i e . ,  a t  5 rnin), ad- 
ditional studies were carried out on another group of rats at 2,3, and 4 
min after heparin injection. The most pronounced effect on bilirubin 
binding was observed a t  2 min after injection of 500 U of beparinkg. The 
average free bilirubin fraction at  that time was 32 X in three rats. 


Heparin, 500 U/kg iv, also significantly increased the free salicylate 
fraction in plasma. This effect was still quite pronounced at the end of 
the experiment, i.e., a t  45 min after injection (Table 111). Additional 
studies on three other rats revealed that the maximum heparin effect was 
already evident 2 min after injection. The average salicylate free fraction 
a t  that time was 0.922. 


To determine if the heparin effect on the plasma protein binding of 
bilirubin was direct or indirect, a large amount of heparin was added to 
plasma in uitro. An equal volume of saline solution (25 mlhiter) was 
added to control plasma from the same animals. Heparin had no apparent 
effect on the plasma protein binding of salicylate (Table IV). In oitro 
addition of heparin had a statistically significant effect on bilirubin 
binding, but the increase in the free bilirubin fraction was only 14% on 
the average and, therefore, quantitatively insignificant compared to the 
effects observed in uioo (Table IV). 


Activated charcoal treatment of plasma obtained 5 min after heparin 
injection completely reversed the heparin-induced bilirubin binding 
decrease (Table V). Even the process of plasma acidification and sub- 
sequent neutralization caused a partial reversal of the heparin effect but 
not as much as that produced by activated charcoal. Similar effects were 
obtained with respect to the protein binding of salicylate (Table VI). 


Table  V-Effect of Activated Charcoal Treatment  on Heparin- 
Induced Changes in Plasma Protein Binding of Bilirubin in Rats 


TvDe of Plasma" 


~ 


Bilirubin Free Fraction X lo4 
Saline HeDarin 


No injection, untreated 
After injection, untreated 
After injection, treated with 


activated charcoal 
After injection, acidified and 


neutralized 


5.7 f 1.3 (9) * 
16.4 f 9.3 (9)' 
5.4 f 1.2 (9) 


9.5 f 2.6 (9) 


4.6 f 0.6 (5) 
5.8 f 1.1 (7) 
6.2 f 0.6 (6) 


7.6 f 1.3 (6) 
~~ 


7 Spectrapor 2, Spectrum Medical Industries, Los Angeles, Calif. 
Plastipak, 10 ml, Becton Dickinson Co., Rutherford, N.J. 
DARCO activated carbon, grade G 60, Atlas Chemical Ind., Wilmington, 


lo Sepratek system, Gelman Instrument Co., Ann Arbor, Mich. 
Del. 


a Blood to yield plasma was drawn from uninjected animals and from injected 
animals after intravenous injection o f  heparin, 500 U/kg, or of an equal volume of 
saline solution. * Mean f SD; number of animals in parentheses. Significantly 
different from lasma obtained from uninjected animals and from activated 
charcoal-treatelplasma obtained after injection ( p  < 0.01). 


1484 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 12, December 1979 







Table VI-Effect of Activated Charcoal Treatment  on Heparin- 
Induced Changes in Plasma Protein Binding of Salicylate in 
Rats 


Tab le  VIII-Effect of Activated Charcoal Treatment  on the 
Amount of Salicylate Bound pe r  C r a m  of Albumin in Plasma of 
Rats  a f t e r  Heparin Injection 


Salicylate Free Fraction X 100 
Tvoe of Plasma" Heparin Saline -. 


No injection, untreated 43.0 f 3.1 (5) 
After injection, untreated 87.8 f 6.1 50.9 f 3.8 (5) 
After injection, treated with 46.6 f 3.7 (5) 


activated charcoal 
After injection, acidified and 48.2 f 1.7 (5) 


46.9 f 4.6 (8)* 


54.7 f 6.1 (8) 


64.8 f 10.4 (8) 
neutralized 


a h  See Table V. Significantly different from plasma oh9ined from uninjected 
animals and from activated charcoal-treated plasma obtained after injection ( R  
< 0.001). 


The dilution of plasma caused by acidification and neutralization and 
the additional effect of some albumin adsorption on activated charcoal 
reduced the albumin Concentration of the treated plasma samples (Table 
VII). This obviously will have affected the results presented in Tables 
V and VI and makes the observed charcoal treatment effects even more 
significant. T o  permit an assessment of the charcoal treatment effect on 
the protein binding of salicylate from a different perspective, the results 
are also presented as the ratio of the amount of bound salicylic acid to 
the amount of albumin in plasma (Table VIII). Treatment with activated 
charcoal actually increased this ratio to a value greater than that of 
plasma from rats that  did not receive heparin. A similar tabulation for 
bilirubin is not informative, because the latter is >99% bound under all 
of the experimental conditions. 


Since blood for the charcoal treatment experiments was obtained from 
ether-anesthetized rats, it was desirable to determine the effect of ether 
anesthesia on the plasma protein binding of bilirubin. Plasma samples 
obtained through a jugular catheter after 25 min of ether anesthesia 
yielded essentially the same free bilirubin fraction values as did plasma 
samples collected from the same animals 45 min and 24 hr after anes- 
thesia (Table IX). 


DISCUSSION 


The results of this investigation show that an intravenous heparin 
injection can significantly decrease the plasma protein binding of bili- 
rubin and salicylate. This effect occurred within 2 min after injection. 
I t  was relatively brief in the case of bilirubin, a compound with very high 
affinity to albulhin, and of appreciably longer duration in the case of 
salicylate, a drug with much less affinity to albumin. 


Heparin, even a t  a very high concentration, had no quantitatively 
Significant direct in uitro effect on the plasma protein binding of bilirubin 
and salicylate. Thus, an in uiuo competition by heparin or by the pre- 
servative contained in the heparin solution (9 mg of benzyl alcohol/ml) 
with bilirubin or salicylate for plasma protein binding sites can be ruled 
out. Benzyl alcohol in relatively high concentration can displace bilirubin 
from albumin binding sites (18,19) and is possibly responsible for the 
small displacing effect observed in uitro (Table IV). However, the plasma 
concentrations of benzyl alcohol produced by heparin injections are so 
low that apparently no significant bilirubin displacement by benzyl al- 
cohol will occur in uiuo. 


The heparin-induced reduction of bilirubin and d i cy la t e  binding to 
plasma proteins can be reversed by treating the plasma with activated 
charcoal. Such treatment is known to remove fatty acids from albumin 
binding sites but may also remove other endogenous inhibitors. Some 
reversal of the heparin effect can be produced simply by acidification and 
subsequent neutralization of the plasma Acidification to pH 3 causes 
a conformational change (i.e., N-F transformation and acid expansion) 
of albumin (20), which can facilitate the dissociation of a bound substance 


Table  VII-Effect of Activated Charcoal Treatment  on Albumin 
Concentration in Rat Plasma 


Albumin Concentration, g/100 ml 
Saline ( n  = 5) Treatment of Plasma" Heparin (n = 8)  


None 3.1 f 0.2 3.1 f 0.3 
Acidification and neutralization 2.3 f 0.2 2.4 f 0.1 
Activated charcoal 1.9 f 0.2 2.1 f 0.1 


500 U/kg, or of an equal volume of saline solution. 
0 Blood to yield plasma was drawn 5 min after intravenous injection of heparin, 


grams Molar grams Molar 
Type of P lama"  per Gram Ratio per Gram Ratio 


No injection, untreated 3.1 f0B6 1.5 3.2 f 0 . 2  1.5 
After injection, untreated 0.8 f 0.3 0.4 3.2 f 0.4 1.5 
After injection, treated with 4.8 f 1.3 2.3 5.2 f 0.9 2.5 


After injection, acidified and 3.1 f 1.2 .1.5 4.2 f 0.6 2.0 
activated charcoal 


neutralized 


a Blocd to yield plasma was drawn from uninjected animals and from injected 
animals 5 min after intravenous injection of heparin. 500 Ubg, or of an equal volume 
of saline solution. b Mean f SD. 


from the protein (21). Thus, the results of this investigation are consistent 
with a mechanism involving the formation or release into the blood of 
competitive inhibitor(s) of plasma protein binding as a consequence of 
heparin administration. These competitors may be free fatty acids in view 
of the temporal relationship between plasma protein binding changes 
and free fatty acid concentrations in plasma demonstrated by previous 
investigators (2-4). 


I t  appears that  a rapidly injected intravenous dose of 200 lJ/kg is ap- 
proximately the minimum dose of heparin required to decrease the 
binding of bilirubin in rat plasma since this dose barely affected the 
protein binding of the pigment (Table 11). On that basis, and assuming 
the heparin effect to be rapidly reversible, the duration of the effect of 
a 500-UnCg dose should be equal to one to two times the biological half-life 
of heparin. A recent study (22) showed that the biological half-life of 500 
U of h e p a r i n k  in rats is 69 f 13 min (mean f SD, n = 12). The duration 
of the effect of 500 U of heparidkg on the plasma protein binding of bi- 
lirubin, as observed in this investigation (Table I), appears to be some- 
what less than the 69-min average biological half-life of the anticoagulant. 
This finding suggests that  there may be a limited amount of precursor 
of the endogenous displacing agent(s) or a limited depot of releasable 
endogenous displacing agent accessible or responsive to injected heparin. 
Once this amount of displacer has been discharged into the circulation, 
further discharge may be controlled by another rate-limiting step and 
may proceed a t  a much lower rate than that occurring immediately after 
heparin injection. I t  is also quite evident that the displacing agent itself 
must have a very short half-life in plasma. These characteristics are not 
inconsistent with previous suggestions that heparin affects plasma protein 
binding by causing a transient elevation of free fatty acid concentration 
in plasma (2-4). 


The drug displacement from plasma protein binding sites caused by 
heparin administration can have significant pharmacokinetic and toxi- 
cological implications, as pointed out previously (3). In the case of bili- 
rubin, such a displacing effect is of particular concern because heparinized 
blood in large quantities is administered to severely jaundiced infants 
in exchange transfusions. The heparin effect on salicylate binding is also 
striking since a 500-U/kg dose almost abolishes the plasma protein 
binding of salicylate during the first 5 min after rapid injection. The effect 
of the heparin injection on the plasma protein binding of salicylate lasts 
much longer than on the binding of bilirubin, probably because of the 
greater affinity of the latter to binding sites on albumin. It will be im- 
portant to determine if the salicylate binding in tissues is reduced also 
by heparin administration. 


Ongoing clinical studies indicate that significant alterations in the 
plasma protein binding of bilirubin are produced by considerably lower 
heparin doses than those required to decrease the plasma protein binding 
of this compound in rats. 


Tab le  IX-Plasma Protein Binding of Bilirubin in  Rats  during 
and a f t e r  Ether Anesthesia 


Bilirubin Free 
Time Fraction X lo4 


During anesthesiaa 5.1 f 0.7b 
45 min after anesthesia 
24 hr after anesthesia 


4.5 f 1.3 
4.6 f 0.7 


0 Ether anestheaia for -25 min. Blood was collected just before withdrawal of 
ether. Mean f SD.  n = 3. 
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Abstract Four different hydrochlorothiazide formulations were 
prepared, and cumulative urinary hydrochlorothiazide excretion was 
determined in a crossover study using six volunteers. A comparison of 
in uiuo results showed that one formulation (Formulation D) was sig- 
nificantly different from the others at  2,3,4,5,8, and 14 hr. A dissolution 
study was conducted on each formulation using the flask, USP basket, 
and magnetic basket methods at agitation speeds of 50,100, and 150 rpm. 
Formulation D was significantly different from other formulations when 
determined using the USP basket method at  150 rpm and a sampling time 
of 10 min; the USP basket method at  100 rpm and a sampling time of 100 
min; the flask method a t  100 rpm and sampling times of 30,40,60, and 
120 min; and the flask method at  150 rpm and sampling times of 30 and 
40 min. Significant in uitro and in uiuo correlations were found using a 
regression analysis and F test. With a correlation coefficient and 95% 
confidence intervals, it was established that the USP basket method a t  
150 rpm was the best predictor of urinary hydrochlorothiazide excretion 
among the dissolution methods tested. 


Keyphrases 0 Hydrochlorothiazide-urinary excretion correlated with 
in uitro dissolution, various methods, bioavailability 0 Diuretic 
agents-hydrochlorothiazide, urinary excretion correlated with in uitro 
dissolution, various methods, bioavailability 0 Dissolution testing- 
hydrochlorothiazide, urinary excretion correlated with in uitro dissolu- 
tion 


Hydrochlorothiazide is a widely used diuretic and an- 
tihypertensive agent. Due to its limited aqueous solubility, 
this drug has a potential for poor absorption from the GI 
tract. In January 1977, the Food and Drug Administration 
(FDA) issued final regulations on bioequivalency and 


bioavailability (1). Hydrochlorothiazide was included in 
a list of drug entities described as having “known or po- 
tential bioequivalency or bioavailability problems.” 


In this publication, FDA also reported that: “A bio- 
equivalence requirement for the majority of products 
should be an in uitro test in which the drug product is 
compared to a reference material. Preferably, the in uitro 
test should be an in uitro bioequivalence standard, i.e., a 
test that has been correlated with human in uiuo data. In 
most instances, the in uitro test should be a dissolution 
test” (1). FDA further stated that since in uiuo testing re- 
quires an enormous number of human subjects and clinical 
investigators, the in uitro test as a valid predictor of 
bioequivalency can greatly reduce human subject risk and 
cost involved with in uiuo testing. With these regulations, 
correlation between in uitro dissolution and bioavailability 
for drugs having bioavailability problems becomes more 
important. 


McGilveray et al. (2) studied hydrochlorothiazide tab- 
lets manufactured by 39 Canadian companies. In uitro 
dissolution times using the USP method and bioavail- 
ability using urinary excretion were measured. Very poor 
correlation was found between these two parameters. 


Meyer et al. (3) studied 14 different commercial hy- 
drochlorothiazide formulations marketed in the United 
States. This work also did not reveal any apparent rela- 
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Abstract Four different hydrochlorothiazide formulations were 
prepared, and cumulative urinary hydrochlorothiazide excretion was 
determined in a crossover study using six volunteers. A comparison of 
in uiuo results showed that one formulation (Formulation D) was sig- 
nificantly different from the others at  2,3,4,5,8, and 14 hr. A dissolution 
study was conducted on each formulation using the flask, USP basket, 
and magnetic basket methods at agitation speeds of 50,100, and 150 rpm. 
Formulation D was significantly different from other formulations when 
determined using the USP basket method at  150 rpm and a sampling time 
of 10 min; the USP basket method at  100 rpm and a sampling time of 100 
min; the flask method a t  100 rpm and sampling times of 30,40,60, and 
120 min; and the flask method at  150 rpm and sampling times of 30 and 
40 min. Significant in uitro and in uiuo correlations were found using a 
regression analysis and F test. With a correlation coefficient and 95% 
confidence intervals, it was established that the USP basket method a t  
150 rpm was the best predictor of urinary hydrochlorothiazide excretion 
among the dissolution methods tested. 
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in uitro dissolution, various methods, bioavailability 0 Diuretic 
agents-hydrochlorothiazide, urinary excretion correlated with in uitro 
dissolution, various methods, bioavailability 0 Dissolution testing- 
hydrochlorothiazide, urinary excretion correlated with in uitro dissolu- 
tion 


Hydrochlorothiazide is a widely used diuretic and an- 
tihypertensive agent. Due to its limited aqueous solubility, 
this drug has a potential for poor absorption from the GI 
tract. In January 1977, the Food and Drug Administration 
(FDA) issued final regulations on bioequivalency and 


bioavailability (1). Hydrochlorothiazide was included in 
a list of drug entities described as having “known or po- 
tential bioequivalency or bioavailability problems.” 


In this publication, FDA also reported that: “A bio- 
equivalence requirement for the majority of products 
should be an in uitro test in which the drug product is 
compared to a reference material. Preferably, the in uitro 
test should be an in uitro bioequivalence standard, i.e., a 
test that has been correlated with human in uiuo data. In 
most instances, the in uitro test should be a dissolution 
test” (1). FDA further stated that since in uiuo testing re- 
quires an enormous number of human subjects and clinical 
investigators, the in uitro test as a valid predictor of 
bioequivalency can greatly reduce human subject risk and 
cost involved with in uiuo testing. With these regulations, 
correlation between in uitro dissolution and bioavailability 
for drugs having bioavailability problems becomes more 
important. 


McGilveray et al. (2) studied hydrochlorothiazide tab- 
lets manufactured by 39 Canadian companies. In uitro 
dissolution times using the USP method and bioavail- 
ability using urinary excretion were measured. Very poor 
correlation was found between these two parameters. 


Meyer et al. (3) studied 14 different commercial hy- 
drochlorothiazide formulations marketed in the United 
States. This work also did not reveal any apparent rela- 
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tionship between bioavailability and in uitro dissolution. 
These workers measured dissolution times using the USP 
apparatus and bioavailability using urinary excretion 
data. 


A literature review revealed that only the USP disso- 
lution method had been used in the search for a correlation 
between in uitro dissolution and in uiuo bioavailability for 
hydrochlorothiazide formulations. The purposes of this 
study were to investigate several different dissolution 
methods and to determine conditions and parameters for 
predicting the bioavailability of hydrochlorothiazide for- 
mulations. 


EXPERIMENTAL 


Materials-Hydrochlorothiazide powder was obtained from a com- 
mercial source'. Microcrystalline cellulose pH 10l2, magnesium stearate3, 
lactose4, corn starch5, and gelatin3 were purchased. 


Tablet Formulations-Two basic formulations were designed for this 
investigation. Formula I (direct compression) contained (in milligrams 
per 150-mg tablet): hydrochlorothiazide, 25.0; microcrystalline cellulose, 
124.0; and magnesium stearate, 1.0. Formula I1 (wet granulation) con- 
tained (in milligrams per 142.5-mg tablet): hydrochlorothiazide, 25.0; 
lactose, 95.5; corn starch, 20.0; gelatin (as 5% solution), 1.5; and magne- 
sium stearate, 0.5. 


Tablets were compressed on a single-punch tablet machines using a 
0.64-em (0.25-in.) flat face punch and die set. Tablets were compressed 
to produce two different hardnesses from each formula and were tested 
using a motor-driven hardness tester7. Formulations A and C were pro- 
duced from the wet granulation at hardnesses of 2.15 i 0.98 and 7.85 f 
0.80, respectively. Formulations B and D were produced by direct com- 
pression at hardnesses of 5.35 f 0.34 and 10.85 f 0.63, respectively. The 
formulations also were subjected to weight variation and content uni- 
formity testing, and they conformed to the USP requirements. 
In Vitro Studies-The three dissolution methods were the USP 


method (4), the flask method (51, and the magnetic basket method (6). 
All dissolution studies were carried out a t  37 f 0.5' in 500 ml of 0.1 N 
HCl. At  various times, 1.0-ml samples were pipetted through a glass wool 
plug; an equal amount of 0.1 N HCl was added to the dissolution medium 
to replace each sample. The rotational agitation speeds used were 50,100, 
and 150 rpm. An electronically controlled stirring mob@ was used in each 
experiment, and an appropriate propeller or basket was mounted on the 
stirrer. 
In Vivo Studies-Six male volunteers, 21-30 years old and within 


90-110% of their ideal body weight, were within normal limits after 
undergoing a chest X-ray, an ECG, and a normal blood profile. Each 
subject gave written informed consent before participation. All volunteers 
were asked to refrain from any drugs or alcohol for 72 hr prior to and 
during the experiment. A 25-mg dose of hydrochlorothiazide tablet or 
powder was taken with 200 ml of water in the morning following overnight 
fasting. The powder was suspended in water before administration. No 
fond or liquid other than water was permitted until 4 hr after drug in- 
gestion. 


Cumulative urine samples were collected at 0,1,2,3,4,5,8,11,14, and 
24 hr. The various formulations were administered to six volunteers at 
weekly intervals according to a 5 (formulations) X 6 (subjects) X 9 
(sampling times) repeated measures design. Urine samples were imme- 
diately refrigerated until analysis. 


Analytical Methods-In Vitro Assay-Hydrochlorothiazide con- 
centration was determined using a spectr~photometer~ at 273 nm against 
a blank of 0.1 N HCl. 


In Vivo Assay-The method of Rehm and Smith (7) was used with 
some modifications. Four milliliters of urine was pipetted into a 50-ml 
separator and extracted with 10 ml of ethyl acetate. The ethyl acetate 
portion was separated, and the urine portion was reextracted with an 
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Figure 1-Average cumulative percent of hydrochlorothiazide excreted 
following the administration of five formulations to each of six subjects. 
Key: ., Formulation A; a, Formulation B; 0 ,  Formulation C; A, For- 
mulation D; and 0, powder. 


additional 3 ml of ethyl acetate. Both ethyl acetate portions were com- 
bined and washed with 10 ml of 0.2 N NaOH on a mechanical shaker10 
for a t  least 6 hr. The ethyl acetate portion was separated from the al- 
kali. 


Two 5-ml portions of the ethyl acetate solution were transferred into 
separate 50-ml volumetric flasks. The volumetric flasks were transferred 
to a boiling water bath, and solutions were evaporated. The residue was 
hydrolyzed by addition of 1 ml of 0.7% hydroxylamine hydrochloride and 
immersion in a boiling water bath for 30 min. Both flasks were cooled, 
and 2 ml of 1% NaNO3 and 5 ml of 1 N HCl were added to each. Both 
flasks were allowed to stand for 2 min, and 4 ml of 2% ammonium sulfate 
was added. 


To one flask, 1 ml of 0.5% chromotropic acid was added. Finally, 10 ml 
of 1 N sodium acetate was added to both flasks and the volume was ad- 
justed to 50 ml with distilled water. The absorbance was determined at  
500 nm. The absorbance of the solution without chromotropic acid was 
subtracted from the value of the solution with chromotropic acid. The 
concentration of each sample was determined by comparison of ab- 
sorbance values with those obtained from a standard curve. The color 
produced by hydrochlorothiazide in amounts of 12.5-62.5 pg when carried 
through the procedure was reproducible and followed Beer's law ( r  = 
0.9979). 


RESULTS AND DISCUSSION 


In Vivo Data-The mean cumulative percentages of hydrochloro- 
thiazide excreted by six subjects receiving each of the four tablet for- 
mulations (A-D) and powder (E) are shown in Fig. 1. The powder was 
included so that results could be compared with the other dosage forms 
as well as with a previously reported study (3). The average cumulative 
percent excretion of the powdered drug in 24 hr was 69.0 f 10.5 (SD) .  The 
calculated excretion half-lives for the powdered drug administered in 
this study and of that reported previously (3) were 6.8 and 7.4 hr, re- 
spectively. 


All data as percent excreted were transformed using an arc sine 
transformation to conform to the assumption of normal distribution and 
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Figure %-Comparison of the dissolution profiles of hydrochlorothia- 
zide formulations found using the USP basket method at 50 rpm. Each 
data point is the mean of fiue determinations. Key: U, Formulation A; 
m, Formulation B; 0,  Formulation C;  and A, Formulation D. 


equal variance (8). A two-way classification of an analysis of variance was 
used to compare' the urinary hydrochlorothiazide excretion from the four 
tablet formulations and the powder a t  selected sampling times. The 
calculated F value of 4.72 was significantly higher than the tabulated FO.96 
value of 2.7, suggesting that there were significant differences ( p  = 0.05) 
among the formulations. 


The calculated F value of 908.49 for the time factor was significantly 
higher than the tabulated Fo.95 value of 2.25, because cumulative data 
were used for this factor. Significant interactions between sampling times 
and formulations were found also. Thus, a one-way analysis of variance 
at each sampling time was used to determine the times a t  which signifi- 
cant differences between formulations existed. A t  all sample times 
studied except 1 hr, the calculated F exceeded the tabular FO.96 value of 
2.76 and confirmed that significant differences in excretion existed a t  
each sample time. A Newman-Keuls multiple-range test (8) was per- 
formed to determine which formulations were significantly different. 
Only Formulation D was significantly different from all other formula- 
tions at 2,3,4,5,8, and 14 hr. 
In Vitro Data-Each formulation administered in uiuo was dissolved 


using the USP basket method (41, the flask method (5), and the magnetic 


MINUTES 


Figure 3-Comparison of the dissolution profiles of hydrochlorothia- 
zide formulations found using the USP basket method at 100 rpm. Each 
data point i s  the mean of fiue detwminations. Key: W, Formulation A; 
0 ,  Formulation R; 0 ,  Formulation C;  and A, Formulation D. 
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Figure 4-Comparison of the dissolution profiles of hydrochlorothia- 
zide formulations found using the USP basket method at 150 rpm. Each 
data point is the mean of fiue determinations. Key: W, Formulation A; 
0,  Formulation B; 0,  Formulation C; and A, Formulation D. 


MINUTES 


basket method (6) to determine any significant differences in drug release 
as a function of the dissolution method. In all cases, the percent of drug 
dissolved was transformed using an arc sine transformation to conform 
to the assumption of normal distribution and equal variance (8). 


Comparison of the individual dissolution methods at  agitation speeds 
of 50,100, and 150 rpm showed that Formulation D dissolved slower at  
all agitation speeds. For each method, the gradual grouping of dissolution 
profiles was observed as the agitation speed was increased. This finding 
illustrates the difficulty in distinguishing the difference between for- 
mulations at  higher agitation speeds. Examples of this behavior are shown 
in Figs. 2-4 for the USP method. The other two methods showed similar 
behavior. 


Statistically significant differences (p = 0.05) between and within 
formulations were found using a repeated measures, two-way analysis 
of variance to compare hydrochlorothiazide formulations over time for 
the USP basket, flask, and magnetic basket methods at  each agitation 
speed. Again, as with the in uiuo analysis, the interactions between the 
sampling times and formulations were significant a t  all agitation speeds 
for each dissolution method. Therefore, a one-way analysis of variance 
was performed at  each sampling time to determine if any significant 
differences between formulations could be detected. The calculated F 
value for the different formulations exceeded the tabular F value of 3.24 
at  the 0.95 level. To find which formulations were significantly different, 
a Newman-Keuls multiple-range test (8) was performed (Table I). 


Correlation of In Vitro with In Vivo Results-Hydrochlorothiazide 
is a potential candidate for bioavailability problems because of its limited 
aqueous solubility. Previous studies (2,3) showed very poor correlation 
between in uiuo urinary excretion and the in uitro dissolution procedure 
for various formulations of this drug. It was postulated that comparison 
of the dissolution profiles from several methods using different agitation 
rates with urinary excretion data in which a significant difference in 
formulations had been found could help determine the correlation be- 
tween these two parameters. Therefore, rank-order correlations were 
determined using cumulative excretion sample times of 1,2,3,4,5,8,11, 
14, and 24 hr and dissolution times of 10,20,30,40,60,80,100, and 120 
min for the USP basket, flask, and magnetic basket methods at 50-, loo-, 
and 150-rpm agitation speeds. 


The sequential order correlation of the in uiuo and in uitro results 
produced very few simple correlations between these two parameters. 
Most of these correlations were present between urinary excretion of 1 
hr and only a few in uitro dissolution sample times. The magnetic basket 
method at 50 rpm failed to produce any rank-order correlation; the USP 
basket method at 150 rpm produced a greater number of correlations than 
any other combination of method and agitation speed. 


To determine if a quantitative correlation existed between the trans- 
formed data of percent cumulative excretion and the cumulative percent 
of drug dissolved for each of the four formulations, a regression analysis 
was performed at  each in uiuo and in uitro sampling times. The F ratio 
was used to determine significance (a = 0.99) (Table 11). The correlation 
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Table I-Newman-Keuls Multiple-Range Test Comparing In Vitro Dissolution of Hydrochlorothiazide Formulations Using USP 
Basket, Flask, and Magnetic Basket Methods at Different Agitation Speeds and Sampling Times 


Agitation 
Dissolution Speed, Sampling Time, min 


Method rum 10 20 30 40 60 80 100 120 


USP basket 50 CABD" U B D  B B D  CABD CABD CABD U B D  CABD 
100 Z B D  &BD Z B D  CABD CABD B B D  G B D  _- BADC 
150 BACD B@ B@ B E  - B A E  B E  - B E  ABCD 


Flask 50 CABD CABD C B D  D g D  B A D  B A D  E A D  B A D  
100 CABD C B D  CBAD W D  &D K B D  ACBD B D  
150 C B D  - CBAD CBAD B D  A K D  -- ABDC ABCD A= 


Magnetic basket 50 - ACBD - ACBD ACBD ACBD ACBD ACBD ACBD ACBD 
100 - CABD CABD CABD CABD C&D C&D C g D  G B D  


a Products underlined by a common line indicate statistical similarity. Product rankings are from highest to lowest. 


Table 11-Correlation a of In Vivo Excretion and In Vitro Dissolution Found Using Different Dissolution Methods * for Four 
Hydrochlorothiazide Formulations 


In Vivo 
Excretion 50-rpm Agitation Speed 100-rpm Agitation Speed 150-rpm Agitation Speed 


Time, 10 20 30 40 60 80 100 120 10 20 30 40 60 80 100 120 10 20 30 40 60 80 100 320 
. . - . - - - - 


hr min min min min min min min min min min min min min min min min min min min min min min min min 


3 - - - - - - - - - - -  F U U U U  _ - - -  F - - -  
4 - - - _  F F F F  - F F F U M U U  U - - M M - - -  


U 
5 _ - _ _ _ -  F F  _ F - F - - - -  u - - - - - - - 
8 - -  F F F F F F  - F F F U U M U  U U U U M M M -  


11 - -  F F F F F F  - F F - - U M U  U U U U - M - -  


14 - -  F F F F F F  F F F F M M M U  U U U M M M M -  


F U F F F  


U F F F  


u u u  F F F  
F 


24 - -  F F F F F F  - F F M M M M U  U U F M M M - M  
F U U U  F F  F 


F 


Correlation was determined using regression analysis and F test. * U, F, and M indicates significant correlation ((u = 0.99) found using USP basket, flask, and magnetic 
basket methods, respectively. 


Coefficients were computed for each in oioo and in oitro sampling time 
for four hydrochlorothiazide formulations for each dissolution procedure. 
The correlation coefficient between the excretion a t  the sample time of 
14 hr and the in uitro dissolution at the sample time of 80 min for the flask 
method at  50 rpm was the highest correlation coefficient ( r  = 0.748). 
When the same apparatus was used with an agitation speed of 100 rpm, 
the highest correlation was obtained between the urinary excretion at  
the sample time of 14 hr and an in uitro sample time of 30 rnin ( r  = 0.698). 
For the same method with an agitation speed of 150 rpm, the highest 
correlation was present between the in uiuo sample time of 14 hr and the 
in uitro sample time of 20 min ( r  = 0.644). All of these correlation coef- 
ficient values were statistically significant ( p  = 0.01). 


With the magnetic basket method, the highest significant correlations 
( p  = 0.01) were found between the in oiuo sample time of 2 hr and the in 


oitro sample time of 60 min for each agitation speed ( r  = 0.630,50 rpm; 
r = 0.672,lOO rpm; and r = 0.604,150 rpm). 


For the USP basket method, the highest correlation was found between 
the urinary excretion a t  the sample time of 2 hr and the in uitro sample 
time of 60 min at 50- and 100-rpm agitation speeds ( r  = 0.656,100 rpm; 
and r = 0.609,50 rpm). With an agitation speed of 150 rpm, the highest 
correlation was between the excretion data obtained a t  the sample time 
of 8 hr and the in uitro data obtained a t  the sample time of 10 rnin ( r  = 
0.649). All of these correlation coefficient values were statistically sig- 
nificant ( p  = 0.01). 


The urinary hydrochlorothiazide excretion a t  the sample time of 14 
hr and the dissolution data at  the sample time of 80 min using the flask 
method at  50 rpm produced the highest correlation when compared with 
all other in uioo-in oitro correlation coefficients. However, the use of these 


Table 111-Regression Analysis of In Vitro Dissolution and In Vivo Excretion for In Vitro-In Vivo Times Where Highest Significant 
Correlation Was Found 


Method Agitation Speed, rpm In Vim Time, hr In Vitro Time, min Slope Intercept Correlation Coefficienta 


Flask 50 14 80 2.29 -1.90 0.748 
Flask 100 14 30 2.07 -1.54 0.698 
Flask 150 14 20 1.33 -0.21 0.644 
Magnetic basket 50 2 60 1.88 -1.09 0.630 
Magnetic basket 100 2 60 2.02 -0.48 0.672 
Magnetic basket 150 2 60 2.13 -0.17 0.604 
USP basket 50 2 60 2.36 -0.33 0.609 
USP basket 100 2 60 2.18 -0.69 0.656 
USP basket 150 8 10 1.18 -0.25 0.649 


0 Significant a t  0.99 level. 
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Table IV-Prediction of Average Percent  Hydrochlorothiazide Excretion at Sample Time Where Highest Significant Correlation Was 
Found 


Agitation Speed, In Viuo Time, In Vitro Time, Mean In Mean In 
Method rPm hr min Vitro Dissolution=, % Viuo Prediction=, % 


Flask 
Flask 
Flask 
Magnetic basket 
Magnetic basket 
Magnetic basket 
USP basket 
USP basket 
USP basket 


50 
100 
150 
50 


100 
150 
50 


100 
150 


14 
14 
14 
2 
2 
2 
2 
2 
8 


80 
30 
20 
60 
60 
60 
60 
60 
10 


77 
17 
77 
52 
64 
86 
68 
79 
50 


60 f 0.8 
60 f 0.9 
60 f 0.5 


2 f 0.6 
11 i 0.1 
25 f 0.1 
11 * 1.0 
11 f 0.4 
49 f 0.3 


Values were converted to percent from arc sine transformation. 


two parameters for prediction seems to be limited since the in uitro time 
was not found on the rate-limiting portion of the curve and the analysis 
of variance and Newman-Keuls multiple-range test for this particular 
in uitro time could not differentiate among Formulations A-D (Table 
I). Thus, selection of the best dissolution procedure probably should be 
based on something more than a correlation coefficient and should in- 
clude considerations of the: ( a )  use of a correlation coefficient that  is 
statistically significant, ( b )  use of an in uitro time that is on the rate- 
limiting portion of the dissolution-time curve, and (c) use of analysis of 
variance and Newman-Keuls multiple-range data that show significant 
differences between formulations within the experimental design. 


Table 111 shows the slope, intercept, and in uitro-in uiuo parameters 
where the highest correlation coefficients were obtained for each disso- 
lution method. The regression equation that produced a significant 
correlation for each method can be used for urinary excretion prediction. 
The following equation was used: 


(in uitro dissolution a t  time 7’) - intercept 
slope UE = (Eq. 1) 


where U E  is the prediction of in oiuo urinary hydrochlorothiazide ex- 
cretion a t  the sample time where the highest significant correlation was 
obtained. In  uitro dissolution data as percent dissolved should be 
transformed using an arc sine transformation before insertion into Eq. 
1. 


Table IV shows the prediction of mean hydrochlorothiazide excretion 
along with confidence intervals. The confidence limits can be calculated 
using this formula (9): 


prediction of urinary hydrochlorothiazide excretion a t  time 7’ f t0.95 


= (residual mean square) (1 (Eq. 2) 


where n is the sample size used for regression and the residual mean 
square was calculated from analysis of variance for regression. 


The percent of in ui t ro  dissolution for each dissolution procedure that 
produced the highest significant correlation with urinary excretion is 
shown in Table IV. Comparison of these values with those from the 
previous dissolution profiles (Figs. 2-4) showed that all predicted values 
for percent of in uitro dissolution that were used for prediction of in uiuo 
excretion lay on the plateau region of the curve, except the values ob- 
tained for the USP basket method and for the flask method a t  150 rpm. 
These values fell within that portion of the profile that  could be consid- 
ered to be rate limited. Thus, it seems logical to select either the USP 
basket or the flask method a t  an agitation speed of 150 rpm for the pre- 
diction of urinary hydrochlorothiazide excretion. 


Formulations A-C were statistically similar and significantly different 
from Formulation D when in oiuo data a t  8 hr and in uitro data a t  10 min 


were compared after using the USP basket. However, the urinary hy- 
drochlorothiazide excretion at 14 hr and in uitro dissolution a t  20 min 
using the flask method a t  150 rpm produced different results when 
Formulations A-D were compared (Table I). 


This approach has good utility for establishing a standard for in uitro 
dissolution. Once correlation is established between in oitro and in uiuo 
parameters and it is found that the regression equation can be utilized 
for predicting in uioo activity, interlot or intralot variations can be de- 
termined for hydrochlorothiazide formulations. In this case, the standard 
to produce an acceptable formulation should be that a t  least 50% hy- 
drochlorothiazide is dissolved in 10 min using the USP basket method 
a t  the 150-rpm agitation speed. As shown in Fig. 4, Formulation D had 
only 35% dissolution a t  the 10-min sample time. Formulations A, B, and 
C had 54,63, and 50% dissolution, respectively. Thus, Formulation D will 
have urinary excretion less than 49% a t  a sample time of 8 hr when ad- 
ministered orally. Moreover, a statistical comparison using a Newman- 
Keuls multiple-range test (8) for the USP basket method showed that 
Formulations A-C were statistically the same and that Formulation D 
was statistically different from the other three formulations. 
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Table VI-Timed-Release Dosage Forms Analyzed 


Active Ingredient 
Label, Assay, 


mg mg 


Capsule A" 


Timed-Release Tablet B b  


Pseudoephedrine hydrochloride 120.0 118.8 
C hlorpheniramine maleate 8.0 7.8 


Phenylpropanolamine hydrochloride 40.0 44.0 
Phenylephrine hydrochloride 10.0 10.7 
Chlorpheniramine maleate 5.0 4.8 
Phenyltoloxamine citrateC 15.0 - 


Chlorpheniramine maleate 8.0 7.43 
Phenylephrine hydrochloride 15.0 20.4 
MethscoDolamineP 2.5 - 


Capsule C d  


1)econamine capsules, Cooper Lahoratories. * Naldecon timed-release tablets, 
Hrietol. Could not tie analyzed due to lack of reference standard. d Cosea-D 
capsules, Center. 


other. By changing the counterion from heptanesulfonic acid to pen- 
tanesulfonic acid, the naphazoline retention was reduced without af- 
tecting the propylparaben retention, and a complete resolution of these 
compounds was possible. 


To ensure the specificity of the proposed method, all drugs were arti- 


ficially degraded. All drugs were well separated from their degradation 
products. Twelve pharmaceutical preparations were analyzed by this 
method. The versatility of the method was demonstrated by the analysis 
of various combination preparations (Tables IV-VI). The reproducibility 
of the method was excellent. Five replicate analyses of Liquid Preparation 
I (Table IV) had a coefficient of variation of 0.9%. The variation coeffi- 
cients of five replicate analyses of two solid dosage forms (Preparation 
I, Table V; and Preparation I, Table VI) were 1.4 and 1.9%, respec- 
tively. 


The proposed method is useful for assaying of cough and cold drugs. 
The method is simple, requires no elaborate sample preparation tech- 
niques, and is specific, accurate, and reproducible. Many separations can 
be achieved by proper manipulation of the mobile phase. 
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Abstract A specific and sensitive high-performance liquid chroma- 
tographic method has been developed for the rapid determination of 
intact glyburide in dog serum. With butylparaben as an internal standard, 
1 ml of acid-buffered serum was extracted with toluene and an aliquot 
of the toluene was evaporated to dryness. The redissolved residue was 
chromatographed on a microparticulate reversed-phase column, and 
quantitation was achieved hy monitoring the [JV absorbance of the eluate 
at 228 nm. The response was linear, and the lower detection limit was -20 
ng/ml. Assay precision, as estimated hy analyzing replicate samples of 
a lahoratory standard, was better than 6% (CV) .  The utility ot'the ana- 
lytical methodology for the determination of this highly potent sulfo- 
nylurea in pharmacokinetic studies in the dog was demonstrated. 


Keyphrases Glyburide-analysis, high-performance liquid chro- 
matography, dog serum Antidiahetic: agents-glyhuride, high-per- 
fnrmance liquid chromatographic analysis, dog serum 0 High-perfor- 
mance liquid chromatography-analysis, glyburide in dog serum 


Glyburidel (I), 1-[[4-[2-(5-chloro-2-methoxybenzami- 
do)ethyl]phenyl]sulfonyl]-3-cyclohexylurea, is a potent, 
orally active sulfonylurea for the management of matu- 
rity-onset diabetes mellitus (1). A number of analytical 
methods for the determination of glyburide in serum have 
been reported. These methods include procedures based 
on UV spectrophotometry, colorimetry following reaction 
with 2,4-dinitrofluorobenzene, fluorometry (2), and com- 
petitive protein binding (3,4). However, only a recently 
developed radioimmunoassay (4) is sufficiently sensitive 
for monitoring blood levels following administration of 


I Micronase. The Upjohn Co., Kalamazoo, MI 49001. 


'OCH , 
I 


therapeutic doses (2.5-10 mg). Although this radioim- 
munoassay is highly sensitive, with the lower limit of de- 
tection being -4 ng/ml of serum, the method lacks speci- 
ficity because of cross-reactivity of the  hydroxy metabo- 
lites of glyburide. In addition, it is necessary to prepare 
standard curves using pretreatment serum from each 
subject because the assay response is subject dependent 
(4). 


GLC has been used extensively for the analysis of sul- 
fonylureas in biological fluids (5-14). However, this tech- 
nique requires a time-consuming derivatization step to 
form volatile, thermally stable derivatives unless on-col- 
umn derivatization is employed with concomitant loss in 
reproducibility2 (12). Furthermore, the technique fre- 
quently lacks specificity since the intact compound and 
its metabolites may form identical derivatives (14, 15). 
Finally, the high molecular weight and inherently low 
volatility of glyburide or its derivatives make GLC analysis 
difficult if not impossible. 


D. G. Kaiser, The Upjohn Co..  Kalamazoo, MI 49001, personal cornmunica- 
tion. 
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The utility of high-performance liquid chromatography 
(HPLC) for the determination of sulfonylureas in plasma 
and serum was demonstrated recently3 (15-19), with 
quantitation of concentrations as low as 200 ng/mI (19). 
HPLC with UV detection represents a particularly sensi- 
tive technique for the determination of glyburide because 
of its high molar extinction coefficient a t  228 nm (2). The 
present report describes a rapid, specific, and sensitive 
HPLC method for the determination of glyburide in dog 
serum. 


Table  I-Glvburide Assay Precision 


EXPERIMENTAL 


Reagents-Acetonitrile4, toluene4, monobasic ammonium phosphate5, 
monobasic sodium phosphate6, and butylparaben7 were used as received. 
The inorganic reagents were prepared in distilled, deionized water. 
Glyburides and synthetic samples of the major metabolites of glyburide 
in the dog (2), 3-cis-[1-[[4-[2-(2-methoxy-5-chlorobenzamido)ethyl]- 
phenyl]sulfonyl]ureido]cy~lohexanol, l-[(4-~arboxyphenyl]sulfonyl]3- 
cycl~hexylurea~, and 2-methoxy-5-chlor~benzamide~, were used without 
further purification. 


Standard Solutions-A stock solution containing 10 pg of glyburidel 
ml was prepared by dissolving an accurately weighed sample of the ref- 
erence standard material in 40 ml of acetonitrile containing 0.2 ml of 
blank dog serum and diluting to 100 ml with toluene. Appropriate dilu- 
tions were made with toluene to obtain calibration curve standards 
containing 1500,1200,900,600,300,150,75, and 37.5 ng of glyburide/ml. 
These solutions were stable for a t  least 2 months when stored at -15'. 


A stock solution containing 300 pg of butylparaben/ml was prepared 
by dissolving an appropriate quantity of the compound in toluene. Two 
milliliters of the stock solution was diluted to 1 liter with toluene to 
provide a working internal standard solution containing 600 ng of 
hutylparaben/ml. 


Calibration Curves-Calibration curves were prepared each day 
samples were analyzed to establish the linearity and reproducibility of 
the assay. The calibration curve standards were prepared by adding 1-ml 
aliquots of the appropriate glyburide standards to 16 X 125-mm screw- 
capped culture tubes fitted with aluminum-lined capslo and containing 
1 ml of blank serum. These standards were analyzed along with the 
samples. 


Sample Analysis-One-milliliter aliquots of serum were added to 16 
X 125-mm culture tubes fitted with aluminum-lined caps along with 1 
ml of toluene. After 1 ml of working internal standard was added to all 
samples, including the calibration curve standards, 1 ml of 2.55 M 
NaHzP04 and 8 ml of toluene were added. The samples were then ex- 
tracted at 280 cpm on a two-speed reciprocating shaker" for 30 min. 
Following separation of the phases by centrifugation for 15 min a t  1800 
rpm, 8-ml aliquots of the organic phase were transferred to clean 16 X 
125-mm culture tubes and evaporated to dryness a t  40' using a gentle 
dry nitrogen stream12. 


The residues were redissolved in 3 W O O  p1 of chromatographic mobile 
phase and thoroughly mixed on a high-speed vortex mixer13, and 250-p1 
aliquots were chromatographed. 


Chromatographic Analysis-The samples were chromatographed 
on a commercially prepared reversed-phase column14 (25 cm X 4.6 mm) 
packed with 5-pm LiChrosorh RP-815 using a constant flow liquid 
chromatograph16, a loop injection valve17, and a variable-wavelength UV 
detector'*. Separation of glyburide and the internal standard from 
coextracted endogenous components in the serum was accompIished 
using a mobile phase composed of 0.05 M NH4H2P04-acetonitrile (1:l 


3 Unpublished data. 


fi Analytical reagent, Mallinckrodt, St.  Louis, Mo. 


Rurdick & Jackson Lahoratories, Muskegon, Mich. 
Analytical reagent, J. T. Baker Chemical Co.,  Phillipsburg, N.J. 


Eastman Kodak Co., Rochester, N.Y. 
Farbwerke Hoechst AG, Frankfurt, West Germany. 
The Upjohn Co., Kalamazoo, MI 49001. '" Brockway Glass Co., Parkersburg, W. Va. 


I '  Eberbach and Sons, Ann Arbor, Mich. 
Or anomation Associates, Shrewsburg, Mass. 


I R  La[-line Instruments, Melrose Park, Il l .  
I4 Brownler Labs KP-5A, Rheudyne, Inc.. Berkeley, Calif. 
I5 E. Merck, Darmstadt, West German 
l6 Model 100, Altex Scientific Inc., Rerreley, Calif. 


Model 70-10, Rheodyne, Inc., Berkeley, Calif. 
Altex/Hitachi model 155-40, Altex Scientific Inc., Berkeley, Calif. 


Trial 
Glyburide, ng/ml 


Within Day Between Day 
1 
2 
3 
4 
5 


1036.0 999.0 924.0 
1065.0 1001.0 985.0 
1009.0 966.0 906.0 


870.0 
1002.0 


Average 1037.0 989.0 937.0 cv, % 2.7 2.0 5.9 


v/v) a t  a 1.2-mVmin flow rate (-1000 psig). The UV absorbance of the 
column eluate was monitored a t  228 nm. 


Under these chromatographic conditions, the internal standard and 
glyburide retention times were -7.6 and 9.8 min, respectively. Slight 
changes in retention times were produced by small variations in the 
solvent composition. 


Quantitation-Peak height ratios were calculated by dividing the 
glyburide peak height by the internal standard peak height. Calibration 
curves were constructed by plotting the peak height ratios of calibration 
curve standards uersus their concentrations, expressed in nanograms per 
milliliter of serum. The glyburide concentration was calculated from the 
peak height ratio using the slope and intercept obtained by linear re- 
gression analysis of the calibration curve data. 


In  Vivo Studies-Six beagle dogs, 12.2-16.3 kg, were fasted for 16 hr 
prior to and 4 hr after oral treatment with a 2.5- or a 10.0-mg compressed 
glyburide tablet. Blood was collected using 10-ml vacutainerslg at 0, 1, 
2 ,3 ,4 ,6 ,8 ,  12, and 24 hr. The blood was allowed to clot (-30 min) and 
centrifuged a t  1800 rpm for 20 min, and the collected serum was stored 
frozen (-15') until analysis. 


RESULTS AND DISCUSSION 


The high molecular weight, low volatility, and large molar extinction 
coefficient of glyburide make HPLC the technique of choice for the 
analyses of the bulk drug, compressed tablets (20), and biological fluids. 
The simplicity of the cited methodology for glyburide determination in 
dog serum, coupled with its high specificity and sensitivity, provides a 
particularly suitable analytical method for pharmacokinetic studies and 
monitoring the bioavailability/bioequivalence of pharmaceutical for- 
mulations. 


Chromatographic Analysis-During assay development, commer- 
cially prepared reversed-phase columns from a number of manufacturers 
and a variety of mobile phases were investigated before adoption of the 
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Figure 1-Typical chromatogram of serum extract from a glyburide- 
dosed dog. Key: G ,  glyburide; and IS, internal standard. 
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Table  11-Selected Pharmacokinetic Parameters:  Glyburide in 
Dogs 


Average Peak 


Concentration, Half-Life, (pg hr)"/ 
Serum Average AUC,  


Dose, mg d m l  hr ml 


2.5 0.291 2.3 0.156 
10.0 1.386 2.1 0.632 


" Average area under the serum concentration-time curve, 0-24 hr. 


described chromatographic conditions. Optimum chromatography was 
achieved using a reversed-phase column packed with 5-pm LiChrosorb 
RP-8 and a mohile phase of' 0.05 M NH4H2P04-CH:&N (1:l v/v). A 
typical chromatogram of a serum extract is shown in Fig. 1. Baseline 
resolution of glyburide from the coextracted interference eluting a t  -1 1.2 
min was ordinarily achieved for all concentrations and animals studied. 
On occasion, a small interference having a retention time similar to that 
of glyburide (-10.5 min) was observed. Resolution of these peaks was 
nearly complete for low glyhuride concentrations. Utilization of a pre- 
column2" to protect the analytical column is recommended when large 
numhers of samples are analyzed. 


Separation of glyhuride from the major interference a t  -11.2 min was 
sensitive to both the pH and percentage of acetonitrile in the mobile 
phase. Increasing the pH and/or the percentage of acetonitrile resulted 
in poorer resolution, or even coalescence, of these peaks. Above pH 6, the 
elution order was reversed. 


Major glyhuride metabolites in the dog ( 2 ) .  :{-cis-[ 1-[[4-[2-(2-rnethox- 
y-.i- chlorobenzamido)ethyl~phenyl~sulfonyl~ureido)cyclohexanol, 1- 
[ [4-carboxyphenyl]sulfonyl]-R-cyclohexylurea, and 2-methoxy-5-chlo- 
robenzamide, elute prior to the internal standard and do not interfere. 
An additional proposed metabolite o f  glyhuride in the  dog is 1-"4-[2- 
(2-methoxy-5-chlortlhenzamido)ethyleny~~phenyl]su~fonyl~ -3- cyclo- 
hexylurea (2). The structure of this metabolite has not yet been con- 
firmed, and a synthetic sample was not available for chromatographic 
analysis. Evidence of its presence in dog serum following glyhuride ad- 
ministration could not he found in chromatograms of serum extracts. The 
major metaholites of glyhuride in humans (2) do not interfere. 


Assay Recovery and  Sensitivity-The absolute recovery of glyburide 
from serum containing 100,400,800. 1200, or 1600 ng/ml was determined 
by comparing the peak heights obtained when 250-pl aliquots of the re- 
dissolved serum residues and standards were chromatographed. No 
statistically significant differences in the recovery were found ( p  = 0.38), 
with the average recovery being 96 f 5% (SD, n = 19). 


Glyburide extraction from the acidified serum was essentially insen- 
sitive to the monohasic sodium phosphate buffer concentration; however, 
high ionic strength minimized the coextraction of endogenous compo- 
nents, which could potentially interfere. A small amount of serum was 
added to the stock standard glyburide solution hecause previous re- 
searchers (4) reported hinding of glyhuride to glass in the absence of 
serum. Preparation of glyburide in organic solvents, e.g., acetonitrile, 
obviates the need for serum to prevent hinding to glass. Comparable 
analytical results can be obtained by preparing glyhuride standards in 
acetonitrile and evaporating the solvent under dry nitrogen prior to ad- 
dition of' control serum. 


The lower glyburide detection limit was -20 ng/ml of serum extracted. 
This concentration gave rise to a response equivalent to approximately 
three times the peak-to-peak noise level, or 2% of full-scale response a t  
0.01 absorbance unit full scale (aufs). 


Assay Precision-Linear regression analyses of calibration curve data 
indicated no significant deviations from linearity for concentrations up  
to 1500 ng of glyhuride/ml of serum. Coefficients of variation were better 
than 4.8% for all curves, with the average coefficient of variation being 
2.8 f 1.0% (SI ) )  for standard curves run on 6 successive days. 


The precision of the methodology was assessed further by analyzing 
replicate samples of a laboratory standard prepared by pooling serum 
collected from glyburide-dosed dogs. Triplicate samples were analyzed 
on 2 different days to establish within-day precision, and single samples 
were analyzed on 5 different days to establish between-day precision 
(Table 1). Within-day coefficients of variation were comparable to the 
coefficients of variation of the standard curves. Not unexpectedly, the 
between-day coefficient of variation, 5.99'0, was approximately equal to 
the standard deviation in the recovery of glyburide from serum, f5%. 


IXhrosorh I W - X ,  10 pm, 4.2 cm X 3.2 mm id., Altex Scientific Inc., Berkeley, 
('a l i l .  


= 1.4Oi X 


0 2 4 6 8 10 12 14 16 18 20 22 24 
' ' -5 


HOURS 
Figure 2-Serum profiles of absorption, distribution, and elimination 
ofglyburide following oral administration of compressed tablets. Key:  
@, 2.5 mg of glyburide; and 0, 10.0 mg ofglyburide. 


Methodology Applicability-The utility of the analytical method 
for the determination of glyburide in pharmacokinetic studies was 
demonstrated by monitoring serum profiles in the dog in a pilot study. 
Average serum profiles for three beagle dogs, each dosed with a 2.5- or 
a 10-mg compressed tablet, are shown in Fig. 2. The average peak serum 
concentrations and areas under the average serum concentration-time 
curves were proportional to the administered dose (Table 11). Peak serum 
concentrations occurred 4-5 hr after oral administration of the com- 
pressed tablets. essentially identical to  the mean time of 4.3 f1 .4  hr (SD) 
found in a recent human study (21). Serum glyburide concentrations then 
decreased hy apparent first-order kinetics, with average half-lives of 2.3 
and 2.1 hr for  the 2.5- and 10.0-mg compressed tablets, respectively. 
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OPEN FORUM 


Hospital Pharmacy and the CGMP 


Doctor Feldmann’s editorial in the May issue’ charges FDA with 
requiring hospital pharmacists to comply with the revised current 
Good Manufacturing Practice Regulations (CGMP). 


Not so. 
The quotation in this editorial comes from paragraph 43 of the 


preamble to the CGMP’s2 in which FDA responded to the general 
comments received from the public on the proposed amendments. 
Retrospectively, it is apparent that paragraph 43 is not as clear as it 
should be. Nevertheless, we can state unequivocally that FDA is not 
interested in, and has never asserted jurisdiction over, a hospital 
pharmacy that limits its activities to serving the hospital of which it 
is a part. We would only consider the hospital pharmacy to be a 
repacker if the unit dose packages that it prepares are marketed 
outside the hospital. Even then, if it shares its unit dose services with 
other hospitals, we have special, separate guidelines covering such 
services. 


endorsement of the unit dose repackaging guidelines prepared by The 
American Society of Hospital Pharmacists and published in the 
December 1977 issue of the American Journal of Hospital Pharmacy. 
Dr. Kennedy said: 


‘‘We applaud the  American Society of Hospital Pharma- 
cists for preparing this important guide to a better quality 
control system for drugs repackaged by hospital pharma- 
cists for use in  a unit dose drug distribution system. W e  rec- 
ognize it as a major step forward in assuring that patients 
receive safe and efficacious drugs. In our judgment it is an  
excellent example of  what a professional society can do to 
improve patient care in hospitals.” 


I t  is FDA’s view that the ASHP guidelines are suitable equivalents 


FDA’s position is best expressed by the Commissioner’s 


to our CGMP’s for normal hospital pharmacy practice. 
J .  Joseph Relson, Director 
Division of Drug Product Quality 
Bureau of Drugs 
Food and Drug Administration 
Rockville, MD 20852 


Bernard T.  Loftus, Director 
Division of  Drug Manufacturing 
Bureau of Drugs 
Food and Drug Administration 
Rockville, MD 20852 


Received May 25,1979. 
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E. G. Feldmann, d.  Pharm. Sci., 68 (51, I (1979). 
Fed. Regist. (Sept. 29, 1978). 


Hospital Pharmacy and the CGMP: 
A Response 


We appreciate this response from Mr. Belson and Mr. Loftus and 
their effort to clarify the FDA intent of the current GMP regulations. 


Our May editorial was originally stimulated by a series of 
discussions between APhA (and ASHP) staff on the one side and FDA 
staff on the other side during the 1977-1978 period. The background 


facts, as we were told them, differ from those described in the Belson- 
Loftus letter. 


hospital pharmacy via challenges to certain operating procedures 
pertaining to unit dose repackaging. These challenges took several 
forms, one of which was directed at an arrangement whereby a 
“contract repackager” would bring unit dose repackaging equipment 
to the hospital and operate it to fulfill the current repackaging needs 
of the hospital. Under these arrangements, the operation ( a )  took 
place at  the pertinent hospital, ( b )  functioned under the direct 
supervision of the hospital pharmacist, and (c) was limited to 
producing unit dose packages exclusively for use within that hospital. 
But, nevertheless, FDA did assert jurisdiction in a t  least several such 
instances, thereby causing significant problems and generally hassling 
the various parties involved. 


After considerable skirmishing, an unwritten “truce” eventually 
emerged, and both sides appeared content to leave the matter rest- 
although basically unresolved, the issue was not actively pursued 
further. 


preamble---plus pharmacist West’s correspondence-made it appear 
to us that FDA was again preparing to flex its muscle. 


Upon receipt of the Belson-Loftus letter, we checked once more to 
ensure that we had correctly stated our recollection of the situation 
and its past history. One of the APhA staff members familiar with the 
situation stated that: “FDA is now trying to do a disappearing act.” 
And an ASHP staff member pointed out that in this letter the 
operable word is “asserted”; that is, even here, FDA is not conceding 
any lack of jurisdiction over such pharmacy practice in the hospital 
setting, but only that it is not presently asserting such jurisdiction. 


Nevertheless, both of these staff members also added that this 
Helson-Loftus letter was far less equivocating than past FDA 
statements on this issue. Furthermore, had FDA actually followed the 
policy described in this letter in the past, the entire controversy would 
never have arisen in the first place! 


Specifically, FDA did attempt to assert jurisdiction over 


Hut the wording of the September 1978 Federal Register 


Edward G. Feldmann 
American Pharmaceutical Association 
Washington, DC 20037 
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Amphetamine Analogs 


The recent article on “Heterocyclic Analogs of Amphetamine. . .” 
by W. 0. Foye and S. Tovivich’ listed two pyridine compounds 
without reference to previous work. P-(6-Methyl-2-pyridyl)- 
isopropylamine was reported by A. Burger and G. E. Ullyot [J.  Org. 
Chern., 12,342 (1947)], and P-(3-pyridyl)isopropylamine was reported 
by A. Burger and C. R. Walter, Jr .  [J .  Am.  Chem. SOC., 72,1988 
(1950)l. 
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Chromatographic  a n d  Ion-Exchange 
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To the Editor: 


Chiou et al. ( 1 )  described a high-pressure liquid chro- 
matographic (HPLC) method for creatinine and stated 
that previously published methods “lack specificity” or 
are “subject to  interferences.” In particular, they stated 
that in the cation-exchange membrane method of VedsB 
et al. ( 2 ) ,  the membrane is used “to remove proteins and 
interfering substances from serum samples. . . . Acetoac- 
etate and possibly some other interfering substances are 
not removed. Therefore, interferences occur a t  least in 
samples from ketotic patients.” 


In fact, the cation-exchange membrane is used to remove 
creatininium ions from diluted serum a t  pH 3.1. Aceto- 
acetate, acetone, glucose, and pyruvate are not removed 
(3); therefore, interference by these substances does not 
occur. (This is clearly stated in the original article.) 


Chiou et al. (1) also stated that  the membrane method 
“would probably take about 30 min for each assay,” while 
their own method requires “only about 5 min for comple- 
tion.” In fact, an assay with the membrane method takes 
about 1.5 hr (the original article clearly stated that ion 
exchange takes 1 hr and desorption requires 20 min). Since 
the membrane method is a batch technique, a routine 
workload of 250 determinations (representing 100 sample 
duplicates) can be accomplished by one technician in 2.5 
hr. This quantity is in contrast to the method of Chiou et 
al. ( 1 )  in which the throughput appears to be about 12 
determinations/chromatograph hr, which is hardly suitable 
for routine workloads. 


The membrane method has been improved since pub- 
lication in 1974. The picrate reagent now contains 9.8 
mmoles of picric acid/liter and 82 mmoles of sodium hy- 
droxide/liter. The reagent blank is now about 0.030A, and 
the slope of the standard curve is about 2.OA mole-’ liter 
X lo:$. With the improved method, the coefficient of vari- 
ation a t  50 pmoles/liter (0.57 mg %) is about 5%; in the 
normal range, it is about 4%. These values are in sharp 
contrast to those of Moss et al. (4), who found a coefficient 
of variation of 14% for creatinine values of 67 pmoleshter 
(0.76 mg O h ) .  


Chiou et al. ( 1 )  erroneously stated that Moss et al. (4) 
did not report on the reproducibility of measurements of 
concentrations below 1 mg %. In fact, the article of Moss 
~t af. is one of the few that docs give this information. 
However, Chiou et al. do not report the reproducibility of 
their method below 1 mg %. 


182 (1978). 
( 1 )  W. I , .  Chiou, M. A. F. Gadalla, and G. W. Peng, J .  Pharm. Sci., 67, 


( 2 )  S. Vedsd, C. Rud. and J .  F. Place, Scand.  J .  Clin. Lah. Inuest. ,  34, 


Creat inine IX: Specificity and 
Sensitivity of High-Performance Liquid 
Chromatographic  and Ion-Exchange 
Membrane Methods for 
Determination of Endogenous Creat inine 


Keyphrases 0 Creatinine-analysis, high-performance liquid chro- 
matography, ion-exchange membrane assay High-performance liquid 
chromatography-analysis, creatinine 


To the Editor: 


In commenting on our extensive studies (1) on the de- 
velopment of a simple, rapid, and micro high-pressure 
liquid chromatographic (HPLC) method for the deter- 
mination of endogenous “true” creatinine, i t  appears that 
Place (2) has misunderstood the content of our paper. Our 
paper clearly stated that in the ion-exchange membrane 
method by VedsB et  al. (3), “the subsequent reaction of 
creatinine desorbed from the membrane with the alkaline 
picrate.” Although the ion-exchange membrane method 
was claimed to  be specific (3), it can only be considered 
more specific than some other published methods using 
the alkaline picrate reagent. This is obvious since there is 
no guarantee that other endogenous substance(s) not 
tested by them or other workers cannot react with the al- 
kaline picrate in their method. In commenting on the ki- 
netic method of Larsen (4), Vedsa et al. (3) erroneously 
implied that  they achieved a total specificity in their 
membrane method. 


The accuracy and specificity of the original membrane 
method ( 1 )  also can be questioned due to  the unusually 
high absorbance for their blank sample. The  blank ab- 
sorbance, calculated by this author, is equivalent to 1.70 
mg % of creatinine. Plasma or serum creatinine levels 
ranging from 0.4 to 0.8 mg ‘16 are quite commonly found in 
patients. 


There should be no doubt that the HPLC methods (1, 
5 ,6 )  for the assay of creatinine in serum or plasma should 
be more specific than the other assays published to date. 
The  automated analyzer method, generally considered to 
be quite specific, overestimated creatinine by as much as 
45% in our studies and -200% in others (5) in certain 
samples when compared with the HPLC methods. In our 
laboratory, a range of -20-70% of overestimation also was 
recently found in many serum samples with low creatinine 
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levels’. A boiling alkaline picrate method claimed for the 
determination of “true” creatinine has also been shown to 
give an average 32.4 f 27.2% (SD) overestimation, with the 
highest overestimation being 102% (7). 


We did not advocate that our method be used routinely 
for all creatinine determinations in patients. Since plasma 
or serum samples as small as 10 pl are sufficient in our 
method, we suggested that the method would be “partic- 
ularly valuable to the monitoring of the renal function in 
premature and mature infants, children, and adults with 
collapsed vascular veins. In these patients, the sample 
required can be obtained easily from the fingertip or the 
heel in the case of tiny, premature infants.” 


Place misunderstood our paper regarding the analysis 
time for each sample. We stated in the Abstract that: 
“Each assay required only about 5 min for completion.” 
This statement was mistaken by Place to mean 5 min per 
chromatographic time. In fact, we meant that the time 
from the receipt of a plasma,or serum sample to the re- 
porting of the creatinine level of the sample is -5 min. Less 
time is required for multiple-sample analyses. This time 
compares favorably with the membrane method, which 
requires -90 min for emergency cases. The proposed 
HPLC method can certainly be modified and automated. 
The potential clinical application of the HPLC method for 
creatinine assay was examined in two recent papers (5, 
6). 


Regarding Place’s (2) comment on the work of Moss et 
al. (8), it should be pointed out that the lowest creatinine 
concentration shown in their standard curve is 2 mg %, 
although the use of a 1 mg % solution was mentioned in the 
text. Certainly, it is not most desirable to perform the re- 
producibility study using the creatinine level below the 
range used for the standard curve. 


Although the data on reproducibility of measurements 
of concentrations <1 mg % were not presented explicitly 
in our papers (1, 7), they were clearly implied. Excellent 
reproducible results were always obtained for low creati- 
nine levels in our many standard curve and plasma level 
studies (1,7). Using a modified mobile phase and a 254-nm 
fixed wavelength detector, the coefficient of variation for 
0.5 mg % serum sample is only about 2% (9). Our comment 
(1)  on the interferences in samples from ketotic patients 
should have been directed to the colorimetric method of 
Heinegdrd and Tiderstram (10) and not to the ion-ex- 
change membrane method. 


It is important to point out that in using our HPLC 
method (1) for creatinine, the filter device2 to separate 
plasma or serum from blood cells should not be used; 
chemicals leached out from the device will interfere with 
the assay. The possibility of such interference in other 
HPLC methods should be studied prior to their use. 


(1) W. L. Chiou, M. A. F. Gadalla, and G. W. Peng, J .  Pharm. Sci., 
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Effect of Sodium Sulfate on Acetaminophen 
Elimination by Rats 


Keyphrases 0 Sodium sulfate-effect on acetaminophen elimination, 
protection against acetaminophen toxicity, rats 0 Acetaminophen- 
toxicity, prevention by sodium sulfate, effect on elimination 0 Analge- 
sics-acetaminophen, toxicity, prevention by sodium sulfate 


To the Editor: 
Accidental or intentional ingestion of large acetamino- 


phen overdoses can cause hepatotoxicity and damage to 
other vital organs, sometimes with lethal outcome (1,2). 
This toxic effect is produced by a reactive metabolite, 
which is formed in parallel with acetaminophen glucuro- 
nide and acetaminophen sulfate, the two major drug me- 
tabolites (3). Pharmacokinetic analysis of acetaminophen 
disposition in acutely intoxicated patients and certain 
other evidence from studies in humans indicate that the 
reactive acetaminophen metabolite is formed by apparent 
first-order kinetics while the two major conjugated me- 
tabolites are formed by capacity-limited kinetics (4, 5). 
Results of acetaminophen conjugation interaction studies 
in humans suggest that the availability of sulfate is rate 
limiting in the formation of acetaminophen sulfate (6,7). 
If the formation of acetaminophen sulfate can be acceler- 
ated by administration of sodium sulfate or another suit- 
able sulfate source, then the amount of reactive metabolite 
formed and, therefore, the acetaminophen toxicity should 
be decreased. 


Preliminary studies in mice showed that intraperitoneal 
administration of sodium sulfate significantly increased 
the median lethal dose (i.e., decreased the toxicity) of 
acetaminophen (8), but the effect of sodium sulfate on 
acetaminophen disposition was not determined. There is 
some indication that acetaminophen sulfate formation by 
rats is capacity limited and that treatment with sodium 
sulfate increases the urinary excretion of the conjugate (9, 
10). However, the reported data do not establish defini- 
tively the effect of sodium sulfate on acetaminophen 
elimination kinetics since acetaminophen concentrations 
in plasma were not determined and urine collections were 
terminated before the excretion of drug and metabolites 
was completed. 


In view of the potential clinical utility of sodium sulfate 
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The ratios of the peak heights of disopyramide and i t s  metabolite to 
the peak height of the internal standard were calculated. Statistical 
analysis of the data (Table I) by linear regression indicated excellent 
linearity and reproducibility with correlation coefficients of 0.9991 and 
0.9955, slopes of 0.3655 and 0.3100, and intercepts of O.OO30 and -0.0038 
in the range of 0.5-12.0 pg/ml of plasma for disopyramide and its me- 
tabolite. respectively. This range includes the therapeutic range of the 
drug. 


The use of reversed-phase chromatography on a cyanopropylsilane 
column and a mobile phase of 50% acetonitrile and 50% acetate buffer 
(pH 4,0.01 M )  afforded excellent separation with sharp peaks for diso- 
pyramide, mono-N-dealkyldisopyramide, and cyclomethycaine (Fig. 
1). 


The method was applied for the determination of disopyramide and 
its metabolite in patient plasma before and after administration of di- 
sopyramide phosphate. No interference was noted from commonly uti- 
lized cardiac drugs. Quinidine, lidocaine, procainamide, and the more 
recent 0-blockers metoprolol and timolol were eluted at different re- 
tention times. Although propranolol and its 4-hydroxy metabolite have 
the same retention times as disopyramide and i ts  mono-N-dealkylated 
metabolite, respectively, the accurate determination of the two drugs is 
still possible since disopyramide and its metabolite do not fluoresce while 
propranolol and its metabolite fluoresce but have no appreciable ab- 
sorption a t  254 nm. Cyclomethycaine is an ideal internal standard since 
it absorbs a t  254 nm and fluoresces at 276-nm excitation with a 340-nm 
cutoff filter (14). 


Major advantages of the proposed method are its simplicity and ra- 
pidity. Both disopyramide and its metabolite are determined in a single 
procedure using a standard single wavelength UV detector. Moreover, 
propranolol can be determined using the same extraction and chroma- 
tographic conditions by the incorporation of a spectrofluorometric de- 
tector. Other chromatographic methods require separate conditions for 
the determination of each drug or even for the determination of metab- 
olites. In addition, the method gave excellent separation without the 
ion-pair technique, which results in limited use of the column and a de- 
crease in the capacity factor (15). 
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Abstract Plasma binding of chlordiazepoxide, diazepam, lorazepam, 
and oxazepam was determined by equilibrium dialysis in 20 male, healthy 
volunteers, 25-86 years old. A wide range of binding was observed, with 
the free fraction varying twofold for lorazepam, fourfold for chlordi- 
azepoxide and diazepam, and over 20-fold for oxazepam. Statistically 
significant linear relationships were not observed between the degree of 
binding and age, serum albumin, or total protein for any of the drugs. 
There was, however, a correlation between the extent of binding for the 
four drugs. Because of the importance of unbound benzodiazepine levels 
in eliciting any pharmacological response and also in disposition, con- 
sideration of the wide interindividual variability in plasma binding must 
be made in interpreting pharmacodynamic and pharmacokinetic data. 


Keyphrases o Benzodiazepines-plasma binding, equilibrium dialysis, 
humans, individual variation, age Sedativeebenzodiazepines, plasma 
binding, equilibrium dialysis, humans, individual variation, age 0 Plasma 
binding-benzodiazepines, humans, individual variation, age 


During a study of the effects of age on lorazepam dis- 
position in h h a n s ,  the results obtained from 11 appar- 
ently healthy subjects, 15-73 years old, suggested that the 
extent of plasma binding of this drug decreased with age 
(1). This result was in contrast to previous findings with 


the related 1,4-benzodiazepines, diazepam (2), chlordi- 
azepoxide (3), and oxazepam (4). Accordingly, studies of 
lorazepam binding were performed with plasma from a 
larger group of subjects to determine whether the observed 
trend was real or had occurred by chance. The investiga- 
tion also provided an opportunity to compare directly the 
relative plasma binding behavior of the various benzodi- 
azepines. 


EXPERIMENTAL 
“C-Chlordiazepoxide’ (59.95 mCi/mmole), 14C-diazepam1 (13.01 


mCi/mmole), “C-lorazepam2 (10.79 mCi/mmole), and 14C-oxazepam2 
(5.91 mCi/mmole) were examined for radiopurity by TLC. All except 
lorazepam were >98% pure. Purification of the latter to this level was 
achieved by preparative TLC using silica GF plates3 and a mobile phase 
of ethyl acetate4-ethano16-ammonium hydroxide4 (5:5:1 v/v). Separate 
drug standard solutions were prepared in pH 7.4 buffer as follows: 


Hoffmann-La Roche, Nutley, NJ 07110. * W eth Laboratories. Radnor, PA 19087. 
I.8.N. Pharmaceuticals, Cleveland,,OH 44128. 


4 ACS grade, Fisher Scientific Co.. Pittsburgh, PA 15219. 
US1 absolute ethyl alcohol, USP-NF reagent. 
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Table I-Plasma Binding (Percent)  of Benzodiazepines 


Subject Age, years Diazepam Oxazepam Lorazepam Chlordiazepoxide Serum Albumin Total Protein 


1 25 91.21 96.13 86.30 92.70 5.00 6.90 
2 29 96.94 99.23 92.26 96.26 5.60 7.40 
3 29 95.85 98.69 91.52 96.45 - - 
4 29 93.39 98.87 91.45 95.09 5.00 7.20 
5 29 95.36 98.84 92.47 96.98 5.70 7.60 
6 30 
7 31 
8 34 
9 35 


97.32 99.31 92.47 
97.39 97.45 93.35 
96.17 93.33 88.00 
97.57 98.62 92.00 


96.88 
97.13 
91.43 
93.08 


5.40 
5.10 
5.50 
5.20 


7.30 
7.80 
7.10 
6.70 


10 35 97.58 98.63 91.04 93.08 - - 
11 35 91.04 90.67 86.30 89.07 4.60 7.40 
12 35 97.64 99.29 93.33 96.64 - - 
13 42 94.01 98.00 90.49 94.98 5.00 7.60 
14 48 9557 98.80 87.78 95.79 4.60 6.70 
15 68 97.27 99.28 91.65 95.53 - - 
16 68 91.73 95.01 93.36 - 4.40 7.60 
17 69 97.21 99.43 91.45 95.47 4.10 6.80 
18 83 96.52 98.98 91.03 92.21 4.70 6.70 
19 83 93.83 98.33 92.79 92.62 - - 
20 86 97.17 99.56 89.92 96.26 4.80 6.90 
Mean 46.15 95.54 97.82 90.95 94.66 4.98 7.18 
&SD 21.23 2.23 2.33 2.21 2.23 0.46 0.38 


Table  11-Cross-Correlations of Binding Parameters  


Age Chlordiazepoxide Diazepam Lorazepam Oxazepam Serum Albumin Total Protein 


Age 


Chlordiazepoxide 


Diazepam 


Lorazepam 


Oxazepam 


0.063O 
(0.79) 


0.248 0.082 0.065 0.656 0.392 
(o.3ii (0.74) (0.79) 
0.634 0.636 0.518 


(0.004) (0.003) (0.023) 


. .~~ 


(0.004) 
0.308 


(0.23) 
0.743 0.810 0.144 


(<0.001) (<0.001) (0.58) 


. _._ 


(0.15) 
0.243 


(0.382) 
0.169 


(0.547) 
0.653. '0.328 '0.326' 


(0.002) (0.25) (0.25) 
0.237 0.293 


(0.42) (0.31) 
Serum albumin 0.489 


(0.076) 


a Correlation coefficient. b Level of significance. 


chlordiazepoxide, 10 pg/ml in 0.05 M tromethamine buffer; diazepam, 
2.5 pg/ml, and oxazepam, 10 pg/ml, in 0.067 M phosphate buffer; and 
lorazepam, 1 pg/ml in ethanol. 


Blood (25 ml) was collected by venipuncture into heparinized glass- 
stoppered tubes from 20 normal and apparently healthy male subjects, 
2 , W  years old. who were not receiving any medication. After separation, 
appropriate drug standards were added to the plasma to produce con- 
centrations typical of those observed in clinical studies: chlordiazepoxide, 
0.1.0.5, and 1.0 pg/ml; diazepam, 25,50, and 100 ng/ml; lorazepam, 10, 
25, and 50 ng/ml; and oxazepam, 50,100, and 200 ng/ml. 


Plasma binding was determined a t  room temperature by equilibrium 
dialysis (5) using semimicrocells6 and a semipermeable membrane with 
a molecular cutoff of 12,000-14,0007. Plasma (1 ml) was dialyzed against 
an equal volume of 0.067 M phosphate buffer, pH 7.4, for 2 hr (chlordi- 
azepoxide and diazepam) and 4 hr (lorazepam and oxazepam). These 
times had been shown to be adequate for the attainment of equilibrium. 
After dialysis was completed, 0.5-mI aliquots of plasma and buffer were 
analyzed for radioactivity by adding 10 ml of scintillant solutions and 20 
pl of acetic acid4 and counting in a liquid scintillation counteP, using the 
automatic external standardization procedure to correct for quenching. 
The extent of plasma binding was then calculated from: 


X 100 (Eq. 1) 
plasma dpm - buffer dpm 


plasma dpm 
%bound = , 


RESULTS AND DISCUSSION 
As previously noted (1,3,6), plasma binding of the drugs was appar- 


ently not affected by drug concentration over the dose and age ranges 


8 Dianorm equilibrium dialyzing system. Spectrum Medical Industries, Los 


+Spectrapore membrane No. 2, Spectrum Medical Industries, Los Angeles, CA 


Aqueous counting wintillant, Amersham Corp., Arlington Heights. 1L 


An eles. CA 90054. 


90054. 


fiOOO5. 
@ ISOCAP 300, Searle Analytic Inc., Des Plaines, IL 60018. 


studied. Accordingly, the three binding values for each subject were av- 
eraged. With all four drugs, considerable interindividual variability in 
the extent of binding was present (Table I). When expressed in terms of 
free drug, lorazepam exhibited an almost twofold, chlordiazepoxide and 
diazepam a fourfold, and oxazepam a 20-fold range between the highest 
and lowest values. Preliminary studies indicated that the coefficient of 
variation for binding.was <0.7% For all of the drugs, and, therefore, the 
observed variability did not represent a methodological artifact. 


No statistically significant linear correlations were seen betweeen the 
extent of drug binding with serum albumin, total proteip, or subject age. 
However, there were significant relationships between the binding of the 
four drugs (Table 11). Previous binding studies with human serum al- 
bumin indicated that the benzodiazepines are mainly bound to a single 
class of binding sites (7). Thus, it is not surprising that the latter,corre- 
lation was observed, although the coefficients of determination are quite 
small. This result, plus the lack of correlation of binding with serum al- 
bumin, suggests that  other factors probably are involved in the overall 
binding phenomenon. The absence of any age-related changes in binding, 
despite the decrease in serum albumin with aging as noted previously (8) 
and observed in the present study, is consistent with this hypothesis. 
Therefore, the earlier observation with regard to lorazepam binding and 
age (1) was fortuitous. 


The unbound benzodiazepine concentration is probably more impor- 
tant than the total drug level with regard to pharmacological response. 
Moreover, for the investigated drugs, clearance from the circulation and 
extravascular distribution are determined by the unbound fraction (1-4, 
9). Therefore, the wide variability in observed binding suggests that this 
factor must be considered in the interpretation of pharmacodynamic and 
pharmacokinetic studies with the benzodiazepines, as exemplified by 
recent studies on sex differences in chlordiazepoxide disposition (10). 
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Abstract 0 The isolation and identification of an imidazolinium salt 
are described. Unambiguous determination of structure was accom- 
plished by independent synthesis. The isolated product interferes in the 
iodometric assay of the benzathine salts of penicillin. 


Keyphrases D Imidazolinium salts-analysis, product from reaction 
of benzathine with iodine o Penicillin V benzathine-analysis, iodo- 
metric assay, interference by imidazolinium salt reaction product Io- 
dometric assays-penicillin V benzathine, interference by imidazolinium 
salt 


A recent report (1) described the interference of 
benzathine (I) in the official iodometric assay of penicillin 
V benzathine as presently described in the “Code of Fed- 
eral Regulations” (CFR) (2). A high-performance liquid 
chromatographic (HPLC) method (3) of analysis for for- 
mulations containing this drug was suggested subse- 
quently. 


The present article describes the isolation and identi- 
fication of an imidazolinium salt (11) as the product from 
the reaction of iodine with benzathine. 


EXPERIMENTAL’ 


1,3-Dibenzyl-2-phenylimidazolinium Triiodide (11)-To 4.0 g of 
I in 5 ml of methanol at room temperature were added 5-ml aliquot8 of 
a methanolic iodine solution (2.5 g in 125 ml); the color was allowed to 
discharge after each addition. Wheri a reddish color persisted, addition 
of methanolic iodine was continued until the precipitation of a red 
product was complete. The red solid was removed by filtration, and re- 
crystallization from methanol-acetone yielded 2.1 g of I1 as deep-red 
needles, mp 163.5-165” [lit. (4) mp 165-166’1; NMR (acetone-de): 6 4.22 
(s ,4 ,  H2C-4, HzC-5), 4.68 (a, 4, H&phenyl), 7.42 (s,lO, C-phenyl), and 
7.85 (8.5, phenyl-C-2). 


Anal.-Calc. for C23H2313N~ (mol. wt. 708.15): C, 39.01; H, 3.27; I, 53.76; 
N, 3.96. Found: C, 39.18; H, 3.36; I, 53.69; N, 4.05. 


Conversion of I1 to N-Benzoyl-N,N-dibenzylethylenediamine 
(1V)-To a slurry of 1.303 g of I1 in 20 ml of methanol was added a sat- 
urated methanolic solution of sodium thioeulfate until a colorless solution 
was obtained. The solution was evaporated to dryness, and the residue 
was dissolved in chloroform and evaporated to dryness to give 934 mg 


’ NMR spectra were obtained using Bruker WP-80 and Varien A-60A instru- 
ments. IR spectra were obtained on a Beckman IR-20 spectrophotometer. All 
melting points are uncorrected. 


of 111 as a pale-yellow foam; IR (film): 3030,2915 (C-H), 1590 (C=N+<), 
1250 (C-N), 1580, 1450,750, and 700 (aromatic) cm-’; NMR (CDCl3): 
6 4.17 (s,4, HzC-4, H2C-5). 4.62 (s,4, H2C-phenyl), 7.37 (8 ,  10, C-phenyl), 
and 7.60-8.13 (m, 5, phenyl-C-2). 


T o  200 mg of 111 in 3 ml of methanol waa added 3 ml of 3 N NaOH, and 
the solution was heated at 40” for 1.5 hr. Extraction with chloroform 


I 


I *- 


I11 


I 
c-0 


Iv 
Scheme I 
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Abstract  Flocculation by a cationic polymer of sulfamerazine sus- 
pensions containing a wetting agent was evaluated. Suspensions with 
sufficient surfactant concentrations to ensure complete wetting were 
deflocculated. When the anionic surfactant, dioctyl sodium sulfosucci- 
nate, was used as a wetting agent, the suspensions were flocculated over 
a limited polymer concentration range. Flocculation was attributed to 
simultaneous interaction of a polymer molecule with more than one 
particle. At higher polymer concentrations, the particles were covered 
completely with polymer, leading to repulsion between the particles and 
deflocculation of the suspensions. The polymer concentration required 
for flocculation provided evidence for interaction between the anionic 
surfactant and the cationic polymer. Suspensions containing a nonionic 
surfactant also were flocculated using various polymer concentrations. 
When a surfactant mixture was employed in the suspensions, the peak 
sedimentation volume of flocculated systems and the concentration of 
polymer a t  the peak depended on the surfactant mixture composition. 


Keyphrases  0 Sulfamerazine-suspensions, flocculation, cationic 
polymer, anionic and nonionic surfactants 0 Flocculation-sulfa- 
merazine suspensions, cationic polymer, anionic and nonionic surfactants 


Cationic polymer-sulfamerazine suspensions, flocculation, anionic 
and nonionic surfactants 


Resistance to caking is a principal objective in phar- 
maceutical suspension formulation (1). Suspensions that 
form a voluminous, porous sediment upon standing may 
be shaken by hand to reconstitute a uniform product and 
to allow correct dose transfer. Suspensions that sediment 
in this manner are referred to as flocculated systems. 


Deflocculated suspensions, in which the internal phase 
has been dispersed into individual particles, usually appear 
more elegant when first prepared. They sediment more 
slowly than flocculated suspensions but produce a dense, 
compact layer of solid material a t  the container bottom. 
Such suspensions are difficult to redisperse and, conse- 
quently, are not suitable as pharmaceutical dosage 
forms. 


BACKGROUND * 


Two possible formulation avenues were suggested (2). One uses a 
structured vehicle to avoid settling altogether. The other (the more usual 
approach) involves a floccu1atio.n process, resulting in a system that 
sediments and is then readily redispersed prior to use. 


Salts may function as flocculating agents. Previous work on flocculation 
mainly concerned the valence and concentration effects of simple salts. 
Little study has been made of the flocculation of pharmaceutical sus- 
pensions by polymers. Although polymers commonly are included in 
suspensions as thickening or structuring agents, they also may function 
by adsorbing onto suspended particles and altering the attraction or re- 
pulsion between particles. 


Smellie and LaMer (3) used polymers to clarify turbid water containing 
low dispersed phosphate concentrations. The polymer actions were as- 
cribed to a bridging mechanism in which the long polymer molecules 
joined two or more particles together. Polymer adsorption is a key re- 
quirement for bridging. However, since complete coverage of the dis- 
persed particles by polymer molecules makes it unlikely that the same 
polymer molecule will attach to more than one particle, too high a poly- 
mer concentration may reduce the flocculation efficiency or inhibit it 
altogether. These mechanisms are similar to the “sensitization” and 
“protection” of hydrophobic sols by polymers (4). 


Subsequent investigations confirmed the validity of a bridging 
mechanism in polymer flocculation (5-8). Charge neutralization may be 
involved in the attachment of the polymer to the particle surface (5), 
although a nonionic mechanism also may be operative (6). The first study 
of polymer flocculation in pharmaceutical systems (7) concerned the 
effect of xanthan gum in several suspensions. Flocculation of some arit- 
acids by xanthan gum also was investigated (8). 


Surfactants often are employed as wetting and dispersing agents in 
suspensions. However, surfactants were not included in any of the 
polymeric flocculation studies reported. Since flocculation is basically 
an interfacial phenomenon and surfactants accumulate at interfaces, they 
may influence the action of polymers. The present investigation con- 
cerned the effect of a cationic polymer on the flocculation state of sul- 
famerazine suspensions containing surfactants. 


EXPERIMENTAL 


Sulfamerazine was USP grade. Dioctyl sodium sulfosuccinatel and 
polysorbate 402 were employed as wetting agents. The polymer prepa- 
ration (1) was a commercial cationic flocculant3, supplied as an aqueous 
solution containing 30% active material (9). All other chemicals were 
reagent grade and were used as supplied. 


T o  prepare 100 ml of sulfamerazine suspension, 10 g of the drug was 
placed in a glass mortar. Twenty milliliters of an aqueous solution con- 
taining the wetting agent was added to the powder, and the concentrated 
suspension was mixed thoroughly. The polymer preparation (when 
present) then was added as a concentrated aqueous solution by pipet, 
and the suspension was mixed for <1 min and transferred into a 100-ml 
graduated mixing cylinder. The mortar was rinsed several times with 
distilled water. The rinsings were added to the graduated cylinder, and 
sufficient distilled water was used to make up to volume. The suspension 
was shaken thoroughly and then permitted to settle. 


The suspensions were allowed to stand until no further changes were 
observed in the sediment height. The  sediment volume then was re- 
corded. 


. 


Surface tension was measured by the Wilhelmy plate method. 


RESULTS AND DISCUSSION 


Sedimentation volume, F, was used as an indication of flocculation in 
the suspensions. The value of F is determined by: 


(Eq. 1) 


where V,, is the ultimate sediment volume and VO is the total suspension 
volume. 


The deflocculated suspension sedimentation volume is relatively small. 
Flocculated systems exhibit higher F values. In the suspensions studied, 
no changes in the sediment volume were observed after about 5 days. 


Figure 1 shows the effect of the I concentration on the sedimentation 
volume of sulfamerazine suspensions in the absence of any surfactant. 
The F value decreased when the I concentration in the suspension 
reached 0.1%. However, even a t  1%, a small amount of sulfamerazine 
powder floated a t  the top of the suspension. The F decrease corresponded 
to lowering of the surface tension, y, of the medium by the polymer (Fig. 
2). The critical sulfamerazine surface tension is 32 dyneshm (10). Ap- 
parently, y is not lowered sufficiently by the polymer to allow complete 
wetting. 


The relationship between surfactant concentration in the absence of 
I and sedimentation volume is shown in Fig. 3. There were slight differ- 


’ Aerosol OT, American Cyanamid. * Tween 40, ICI America. 
Primafloc C-3. Rohm & Haas. 


0022-3549/ 791 1200- 149 1$0 1.OOlO 
@ 1979, American Pharmaceutical Association 


Journal of Pharmaceutical Sclences I 1491 
Vol. 68, No. 12, December 1979 







0.4c 


k0.2[ 


t 
O u -4 -2 0 


LOG C 
Figure 1-Sedimentation volume of sulfamerazine suspensions in the 
presence of various I concentrations. 


ences in F values between the surfactants a t  low concentrations, but the 
experimental points were close enough for a single curve to describe all 
of the data. A t  low surfactant concentrations, F was comparatively high 
but powder wetting was incomplete. Wetting improved with an increase 
in surfactant concentration, becoming essentially complete a t  about 0.1%. 
At this concentration, F reached its minimum value. The sedimentation 
volume a t  higher surfactant concentrations was the same. The same F 
also was observed in suspensions containing 1% of the polymer and no 
surfactant (Fig. 1). The members of this group of suspensions behaved 
similarly and exhibited the characteristics of the deflocculated state, 
evident from the turbidity observed during sedimentation and the slow 
settling rate. After standing for about 1 week, a cake formed in the bottom 
of the cylinders. 


In systems containing a surfactant, the polymer effect on flocculation 
depended on the surfactant. Figure 4 contains plots of sedimentation 
volume as a function of I concentration in suspensions wetted with dioctyl 
sodium sulfosuccinate. At low I concentrations, there was no effect on 
the flocculation state of the suspensions. A sedimentation volume increase 
occurred in suspensions containing 0.2% of the anionic surfactant (curve 
1, Fig. 4) when the I concentration approached 0.1%. This sedimentation 
volume change indicates that  the suspensions became flocculated, as 
confirmed by their appearance. Large particles were visible, and they 
settled quickly, leaving behind a clear supernate. The flocculated sus- 
pensions could be resuspended with little effort, even after standing for 
about 6 weeks, in contrast to the deflocculated systems. A higher I con- 
centration (1%) &used a reduction in sediment volume to 0.15, indicating 
that the suspensions were deflocculated. 


The experiments were repeated using a higher dioctyl sodium sulfo- 
succinate concentration (1.0%) in the suspensions. The same pattern was 
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Figure 3-Sedimentation volume of sulfamerazine suspensions in the 
presence of various concentrations of surfactants in the absence of I. 
Key: 0, polysorbate 40; and 0 ,  dioctyl sodium sulfosuccinate. 


found as with the lower surfactant concentration (curve 2, Fig. 4), but 
the amount of I required to induce flocculation was higher. This result 
does not rule out an adsorption-dependent flocculation mechanism, but 
it does implicate a polymer-surfactant interaction as one important factor 
controlling the suspension properties. 


The polymer action does not apparently involve disruption of the ad- 
sorbed dioctyl sodium sulfosuccinate film on the particle surface, al- 
though the evidence for this conclusion is indirect. I t  may be assumed 
that the air-water and particle-water interfaces are similar in that the 
kinds of forces responsible for adsorption are similar and surfactant or- 
ientation is the same (i.e., the charged end of the surfactant molecules 
faces the bulk water phase). Removal of surfactant from the air-water 
surface by the polymer should be accompanied by a surface tension in- 
crease since the surface tension of the polymer solutions (Fig. 2) is higher 
than that of dioctyl sodium sulfosuccinate a t  the concentrations used. 
Instead, the changes in surface tension were quite small. The surface 
tension of 0.2% aqueous dioctyl sodium sulfosuccinate was 26.9 dynes/ 
cm. 


In surfactant solutions containing 0.1 and 1.0% of I, the surface tension 
was 26.0 dynedcm, implying that the surfactant remains adsorbed a t  the 
air-water surface and, by inference, a t  the particle-water interface in the 
presence of added polymer. 


A suggested explanation for the flocculating effect of the polymer is 
outlined in Fig. 5. Adsorbed surfactant carries a negative charge to the 
surface of the sulfamerazine particles. The particles repel each other (Fig. 
5a) and, in the absence of I, the suspensions are deflocculated. Added 
polymer interacts with the excess surfactant in solution and also with the 
adsorbed molecules. At relatively low polymer concentrations, a limited 
number of polymer segments are available and the free surfactant mol- 
ecules and micelles in solution compete effectively with the negatively 
charged particles for polymer. Increasing the polymer concentration 
makes more segments available, so a polymer molecule can interact si- 
multaneously with two particles (Fig. 56). The joining of adjacent par- 
ticles probably is due to bridging resulting from simultaneous adsorption 
to more than one particle, although it is difficult t o  exclude an electro- 
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Figure 2-Surface tension of aqueous I solutions as a function of con- 
centration. 
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Figure 4-Sedimentation volume of sulfamerazine suspensions con- 
taining dioctyl sodium sulfosuccinate in the presence of various I con- 
centrations. Key: curve 1,0.2$, dioctyl sodium sulfosuccinate; and curve 
2, 1.0% dioctyl sodium sulfosuccinate. 
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Figure 5-Suggested mechanism for the behavior of I in suspensions. 
Key: a, low polymer concentration, deflocculated suspension; b, floc- 
culation by bridging; and c, deflocculation at high polymer concentra- 
tions. 


static component (11). A t  much higher polymer concentrations, polymer 
molecules can still attach to particle surfaces but the chance of joining 
two particles together is greatly reduced because many other polymer 
molecules are readily available for adsorption. As a result, the particles 
become surrounded with a polymer sheath (Fig. 5c) whose charge again 
causes particle separation and suspension deflocculation. 


The effect of raising the surfactant concentration according to this 
model would be to reduce the number of free polymer segments available 
for adsorption. Particle-polymer interaction cannot occur until higher 
polymer concentrations are reached. This pattern was actually observed 
(Fig. 4). 


The influence of the polymer on suspensions containing the nonionic 
surfactant, polysorbate 40, is shown in Fig. 6. Deflocculated suspensions 
were obtained at  very low and very high I concentrations. An increase in 
sedimentation volume was observed when the I concentration was be- 
tween 0.001 and 0.01%. These suspensions were judged to be partly 
flocculated. The supernatant suspension medium was considerably 
clearer, and the sedimentation rate was more rapid than with the de- 
flocculated systems. These suspensions did not cake. In comparison to 
flocculated suspensions containing the anionic surfactant, dioctyl sodium 
sulfosuccinate, the suspensions with the nonionic agent appeared less 
coarse. 


As shown by a comparison of Figs. 4 and 6, the suspensions containing 
the nonionic surfactant had significantly smaller sedimentation volumes. 
The amount of polymer required to induce flocculation in these systems 
was about 1% of that needed in suspensions containing the anionic sur- 
factant. The flocculation pattern as a function of the I concentration is 
consistent with a bridging mechanism. As with the suspensions in which 
dioctyl sodium sulfosuccinate was used, an excess of polymir molecules 
reduced the probability of polymer adsorption on more than a single 
particle, resulting in deflocculation. 
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Figure 6-Sedimentation volume of sulfameratine suspensions con- 
taining polysorbate 40 in the presence of various I concentrations. 
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Figure 7-Relationship between the I concentration at peak floccu- 
lation as a function of the weight fraction of dioctyl sodium sulfosuc- 
cinate in the surfactant mixture. 


Because the choice of wetting agent influenced the sedimentation 
volume of flocculated suspensions and the polymer concentration needed 
for flocculation, additional experiments were performed to determine 
whether these characteristics could be manipulated by using a surfactant 
mixture in the suspensions. The total surfactant concentration was 
maintained at  0.296, but the relative concentrations of dioctyl sodium 
sulfosuccinate and polysorbate 40 were varied. For each surfactant 
combination, a series of sulfamerazine suspensions containing a range 
of I concentrations was prepared. 


Plots of sedimentation volume as a function of the concentration of 
I had the same shape as the curves in Figs. 4 and 6. From these plots, the 
peak sedimentation volume and C,,, the concentration of I a t  the peak, 
were determined. The relationship between the I concentration required 
for maximum flocculation and the weight fraction of dioctyl sodium 
sulfosuccinate in the surfactant mixture is shown in Fig. 7. A log-log plot 
was used because of the large concentration range. The slope is unity, 
indicating a linear dependence of C,, on the content of dioctyl sodium 
sulfosuccinate. This relationship was anticipated because of the inter- 
action between the polymer and dioctyl sodium sulfosuccinate discussed 
earlier. 


The suspensions in which the weight fraction of dioctyl sodium sul- 
fosuccinate in the surfactant mixture was less than 0.25 had peak sedi- 
mentation volumes of 0.23-0.26, which were quite close to those for sus- 
pensions containing only the nonionic surfactant. When the weight 
fraction of dioctyl sodium sulfosuccinate was 0.25 or greater, the sedi- 
mentation volume increased as the proportion of the anionic surfactant 
was increased, reaching its highest value in suspensions containing only 
dioctyl sodium sulfosuccinate. 


These experiments demonstrated the feasibility of adjusting the sur- 
lactant combination to manipulate suspension properties. Thus, it was 
possible to produce adequately flocculated suspensions using a smaller 
amount of I than was necessary with dioctyl sodium sulfosuccinate alone 
as a wetting agent. 
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Abstract 0 A nonsolvolytic (solid-state) acetylation of codeine phos- 
phate in the presence of aspirin to yield acetylcodeine phosphate is re- 
ported. GLC assays for the simultaneous determination of aspirin and 
salicylic acid and codeine and acetylcodeine are described. The apparent 
heat of activation for codeine phosphate is estimated, and the possible 
reaction mechanisms are discussed. 


Keyphrases 0 Codeine phosphate-acetylation by aspirin, solid dosage 
forms, GLC analysis of aspirin and salicylic acid, and codeine and ace- 
tylcodeine, pharmacokinetics 0 Aspirin-acetylation of codeine phos- 
phate in solid dosage forms, GLC analysis of aspirin and salicylic acid, 
and codeine and acetylcodeine, pharmacokinetics 0 Antitussive 
agents-codeine phosphate, acetylation by aspirin in solid dosage forms, 
pharmacokinetics Analgesics-aspirin, acetylation of codeine phos- 
phate in solid dosage forms, pharmacokinetics 


Solid-state acetylation of codeine (I) by aspirin to yield 
acetylcodeine (11) has been reported (1). Other workers 
investigated solid-state acetylation by aspirin on homa- 
tropine (2), acetaminophen (3), and phenylephrine hy- 
drochloride (4). Capsule and tablet formulations con- 
taining aspirin and codeine phosphate have yielded de- 
tectable amounts of acetylcodeine on aging. GLC analyses 
of aspirin and salicylic acid have been reported (5-13). 
Various silylation and methylation reagents have been 
employed in aspirin and salicylic acid determinations in 
biological fluids and pharmaceutical solid dosage forms. 
Although the GLC analysis of codeine and related alka- 
loids has been reported (14-16), there has been no report 
concerning the simultaneous detection and quantitation 
of acetylcodeine by GLC in formulations containing aspirin 
and codeine. This study describes the kinetics and possible 
mechanisms of the nonsolvolytic reactions and quantita- 
tion by GLC. 


EXPERIMENTAL 


Materials-Aspirin USP, a crystalline powder, was used as received 
(USP XIX assay: aspirin, 100.2%; salicylic acid, <0.1%. GLC purity: as- 
pirin, 99.90% salicylic acid, 0.1%). Codeine phosphate USP, a crystalline 
powder, also was used as received (USP XIX assay: 100.1%. GLC purity: 


100.0% with no detectable acetylcodeine). The two drugs were mixed 
(aspirin-codeine phosphate, 9 1  w/w) gently by hand in a glass mortar, 
transferred into a twin-shell dry blender, and mixed for 2 hr. The mixture 
was initially assayed by GLC with the following results: aspirin, 89.40%; 
codeine phosphate, 1O.oo/o; and salicylic acid, 0.1%. The water content was 
0.36%, as determined by the Karl Fischer titrimetric method. 


Kinetic Studies-About 300 mg of the mixture was transferred into 
preweighed glass ampuls, and the ampuls were then weighed again. The 
ampuls were flame sealed and stored at  60,70,80, and 90° in constant- 
temperature water baths (rtO.2'). Water baths were kept covered from 
light, and samples were periodically removed and assayed. Samples that 
were removed and not assayed the same day were stored at  5 O .  Because 
a eutectic forms after a period of time, the entire contents of the ampul 
were used for analysis to ensure no loss of material. 


Acetylcodeine Synthesis-About 400-500 mg of codeine phosphate, 
accurately weighed, was transferred into a 50-ml screw-capped test tube. 
Two milliliters of acetic anhydride and 0.5 ml of pyridine were added. 
The test tube was tightly capped and placed in a water bath maintained 
at SOo for 2 hr. Then it was placed in an ice bath for 10 min, following 
which 2 ml of water was added. Cautiously, stronger ammonia water was 
added dropwise until the mixture was distinctly alkaline. 


The test tube was replaced into the ice bath for -15 min with occasional 
shaking to complete acetylcodeine precipitation. About 10 ml of chlo- 
roform was added to the test tube, and the mixture was shaken vigorously 
for 2 min. The upper aqueous layer was removed by vacuum, the chlo- 
roform was washed with 2 X 5-ml portions of water, and the water was 
removed by vacuum. About 500 mg of anhydrous sodium sulfate was 
added to the test tube, which was shaken to remove residual water. 


The chloroform was decanted carefully through glass wool into a 
suitable evaporating dish. The test tube was rinsed with two additional 
10-ml portions of chloroform and passed through the glass wool into the 
same dish. Then the chloroform was evaporated carefully to near dryness 
on a steam bath under a nitrogen stream. The residue was air dried at  
room temperature for 2 hr and then dried in a vacuum oven at 60° for 4 
hr. The dry residue weight corresponded to a 96% yield of acetylco- 
deine. 


Anal.-Calc. for CmH23N04: C, 70.40; H, 6.80, N, 4.10. Found: C, 70.42; 
H, 6.78; N, 4.02. 


GLC Purity-The purity was 99.14% calculated by area percent: 
TLC Purity-One spot was observed at Rf 0.67 when the sample was 


chromatographed on precaated silica gel G plates' in chlaroform- 
methanol (10:l) and sprayed with Dragendorff's reagent. 


NMR and IR-NMR and IR were used to confirm the identity of 
acetylcodeine. 


High-pressure Liquid Chromatography (HPLC)-Acetylcodeine 
phosphate and codeine phosphate were separated by isocratic re- 
versed-phase HPLC using a literature method (17). The mobile phase 
was 0.1 M NaH2P04 in 25% acetonitrile-water. The retention times for 
codeine phosphate and acetylcodeine phosphate were 6 and 16 min, re- 
spectively. Codeine was not detected in the synthesized acetylcodeine. 


Isolation and Identification of Reaction Product-Acetylcodeine 
was characterized in the degraded samples of codeine phosphate and 
aspirin by fractionating the mixture using preparative TLC. The sepa- 


I1 I Analtech, Newark, Del. 
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Abstract  0 Methotrexate uptake by murine Lewis lung tumor was 
measured in uiuo over a wide dose range. The data were analyzed ac- 
cording to a model previously developed for tissues in which methotrexate 
uptake is rate limited by transport across the cell membrane. Metho- 
trexate transport in this tumor followed Michaelis-Menten kinetics with 
a rate constant for permeability ( k / K )  of 0.012 min-'. The methotrexate 
binding capacity of dihydrofolate reductase in the tumor was not ex- 
ceeded a t  any dose studied. A low membrane permeahility in conjunction 
with a high dihydrofolate reductase level explains the resistance of  this 
tumor to methotrexate. 


Keyphrases Methotrexate-transport in murine Lewis lung tumor, 
in uiuo, dihydrofolate reductase binding, tumor resistance 0 Antineo- 
plastic agents-methotrexate, transport in murine Lewis lung tumor, 
in uiuo, dihydrofdate reductase binding, tumor resistance 0 Lung neo- 
plasms-Lewis, methotrexate transport, dihydrofolate reductase binding, 
in uiuo 


A previous study (1) found that when mice bearing 
Lewis lung tumor were infused with methotrexate to 
maintain a 0.01-pg/ml plasma level, the incorporation of 
:jH-deoxyuridine into DNA was nearly completely blocked 
in the small intestine but virtually unaffected in the tumor. 
This difference was thought to occur because tumor cells 
contain a higher dihydrofolate reductase level and are less 
permeable to methotrexate than are intestinal cells. Sub- 
sequent measurements of this enzyme showed that its level 
in tumor cells is about six times higher than that in intes- 
tinal cells (2). 


The question of membrane permeability remained. I t  
is well known that many solid tumors are resistant to 
standard chemotherapeutic treatments (3). A relatively 
low permeability was recently demonstrated in uiuo for 
methotrexate in spontaneous canine lymphosarcoma (4). 
The Lewis lung tumor, a solid metastasizing carcinoma 
insensitive to many chemotherapeutic agents (51, has been 
used as a valuable experimental tumor model (6, 7). 
Therefore, the membrane permeability of this tumor to 
methotrexate in uiuo was examined to gain insights into 


the nature of tumor resistance through model simula- 
tions. 


THEORETICAL 


A general model was described (8) for methotrexate uptake in normal 
tissues, in which the uptake rate is limited by the membrane permeability. 
This model is now applied to the Lewis lung tumor tissue (Fig. 1). Implicit 
in this tumor model are the assumptions that: ( a )  the capillary membrane 
offers no barrier to passage, ( b )  no methotrexate binding occurs in the 
extracellular compartment, whereas saturable binding to dihydrofolate 
reductase occurs in the intracellular compartment, and ( c )  instantaneous, 
complete mixing takes place in the extracellular compartment. For such 
a model, the Iollowing equations apply: 


aC, dg, = C, t - 
E t C, 


(Eq. 3) 


where C is the free methotrexate concentration, c) is the blood flow rate, 
j A  is the net transport rate of methotrexate over total area A, q is the total 
intracellular methotrexate concentration, a is the maximum dihydro- 
folate reductase binding capacity for methotrexate, E is the dissociation 
constant of the dihydrofolate reductase-methotrexate complex, and V 
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I 
Figure 1-Diagram of tumor 'model. See text for notations. 
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Figure 2-Methotrexate distribution between plasma and Lewis lung 
tumor of mice at several doses and various times alter dosing. 


is the total tissue volume. The suhscripts e, i. and p denote extracellular, 
intracellular, and plasma, respectively. 


Methotrexate transport across most normal and tumor cell memhranes 
is generally assumed to be a carrier-mediated process (9, 10). A t  high 
concentrations, passive diffusion may play a role (11). With the as- 
sumption that the efflux and influx of the facilitated process are char- 
acterized by the same parameters, the net methotrexate transport rate 
into the cells is given by: 


where k is the maximum transport rate per unit volume, K is the Mi- 
chaelis constant for the transport, and h is the passive permeability 
coefficient per unit volume. At doses low enough so that virtually all 
methotrexate entering the cells hecomes tightly bound tit dihydrofolate 
reductase ( i . e , ,  C, = 0) and where the passive process is relatively insig- 
nificant compared with the facilitated process (i .e. ,  6 = O) ,  Eq. 4 reduces 
to: 


j A  - kC, 
v K + C e  


For low doses where C, << K ,  Eq. 5 becomes: 


$ t (!?) c, 


(Eq. 5) 


(Eq. 6) 


Since C,. = C,,, Eq. 6 predicts a linear increase of j A  with C,. For a time 
T sufficiently large such that C,V,  << 9, Vi,  Eq. 6 leads to: 


(Eq. 7) 


where CT is the average concentration of methotrexate in tumor cells and 
is given by: 


CT = (CeVe + 9 , V 1 ) / V  (Eq. 8 a )  


CT = 9, f (Ve/V)(Ce - 4,) (Eq. 8h)  


Equation 7 then gives a first estimate of k / K  from C T ( ~ )  and C,,(t), both 
of' which can be determined experimentally. The resolution of the k / K  
ratio into its components was discussed in detail previously (4,8). Based 
on the parameters k .  K, Q / V ,  V e / V ,  a ,  and E ,  the time course of metho- 
trexate uptake in the tumor cell can be simulated through Eqs. 1-4. 


EXPERIMENTAL 


Lewis Lung Tumor-Bearing Mice-CDF1 male mice, 18 f 2 g, were 
transplanted subcutaneously with Lewis lung tumor of -2 mm:3 in size. 


Table  I-Percentage of Radioactivity Associated with 
Methotrexate  in Plasma and Tumor Samples of CDFl Mice 
Given 3H-Methotrexate lntravenouslv 


Percentage" of Radioartivily 
Associated 


Dose, with MethotrexaLr after 
S a m d e  m d k r  30 min 180 min 


Plasma 0.0:1 
:1 
:loo 


82 
89 
- 


0 Hased 'in the Lcital radiciactivilv put on the coltinxi. * I n  tcintr~il txperimen\s. 
where :'H-methotrexate was added t c i  the Imiled Ihiiid lriim thr 1umwl)carinp mb,c, 
i i n d  identical preparative priicrdiirrs were I t i l l i i w t d ,  tirarly lOW< ol thta rntliiwtivity 
was asswiated with methiitrexatr. In control expcrlments. where "H-methiit rrxate 
was mixed with the homiipenizing medium and addid t i i  the podetl tum(irs. thc 
radioactivity assiiciated with methtitrexate was 96'~. 


Three weeks later, these tumor-hearing mice were used in thr study. A t  
this time, the primary tumors weighed 0.5 1.0 y .  


Drug  Solution Purification and  Preparation-:1'.5',9'(n ) -  .Metho- 
t.rexate' was purified hy diethylaminoethylcellultrsc chromatography 
(12) each time before use. The sodium salt of :'H-methotrexate, 250 pCi. 
was taken up with 0.75 ml of 0.1 M ammonium birarhonate huffer and 
applied onto a 0.7 X 9-rm column. The column was then eluted at 18 
m l h r  with a linear gradient of the buffer at  pH 8.3 from 0.1 to 0.4 M. The 
fractions containing methotrexate were pooled and lyophilized. 


The lyophilized :'H-methotrexate was reconstructed into a solution 
of the desired concentration with unlaheled methotrexate dissolved in 
an aqueous solution of 0.25% NaHCO:' and 0.9% NaCI. The unlaheled 
methotrexate. of which the purity was checked by the column chroma- 
tography. was relatively free of impurities and was used without further 
purification. The specific activity of the solution, detrrmined from 
measurements of its optical density ;it 302 nm and its disintegrations per 
milliliter, ranged from 1.6 to 17 pCi/pg. 


Uptake Study-The tumor-bearing mice were injected with the drug 
solution via the tail vein a t  doses of 0.003. 0.03,3, and 300 mg/kg. Then 
the animals were killed by decapitation at specified times. Blood samples 
were collected in heparinized tubes and centrifuged to separate the 
plasma. The tumors were removed surgically. 


Aliquots of the plasma and of the nonnecrotic pirtion ofthe tumor were 
digested in a tissue soluhilizer" and counted3 for tritium in a counting 
cocktail consisting of 0.01'70 1,4-bis[2-(5-phenyloxazolyl)] henzene4 and 
0.3% 2,5-diphenyloxazole4 in methanol- toluene (6:14). The counting error 
was <5%. Appropriate corrections for quenching were made rising the 
automatic external standard ratio method. 


Two control mice, which received no drug, were proressed for each 
dose. 


Plasma and Tumor  Sample Kadiopurity-- The radiopurity (if the 
plasma and tumor samples was determined a t  several doses and time 
point.s by column chromatography. Six tumor- hearing mice were used 
for each time point. The drug solution was administered as in the uptake 
studies. Pooled plasma samples were heated in a hoiling water bath for 
10 min and centrifuged. An aliquot of the supernate thus ohtained was 
applied onto the same column system described in the purification pro- 
cedure and eluted similarly, starting, however, with a 0.05 M huffer. Each 
0.75-ml fraction was collected, mixed with 15 ml o fa  scintillation cock- 
tail", and counted for tritium content with appropriate corrections for 
quench. Pooled tumors weighing 1.5 g were homogenized with 2 ml of an 
ice-cold aqueous solution of 0.25% NaHCQ:, and 0.9% NaCI. The ho- 
mogenate was treated similarly to the pooled plasma samples. 


All procedures were carried out under minimal incandescent light to 
prevent the photodecomposition of these pteridine derivatives. The total 
radioactivity ohtained from fractions that coincided with the atlaorhance 
of the coeluted methotrexate, which was added to the sample hefore 
fractionation as a marker, divided by the total radioactivity put on  the 
column gave the fraction of remaining methotrexate in the samples. The 
radioactivity from these hoiled plasma or tumor tissue extracts accounted 


1 NCS, Arnersham/Searle. 


3 Packard Tri-Carh liquid scintillation spectrometer. model :\:1YO. 
From Drug Research and Development Branch, National ('ancer Institute 
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for greater than 90% of the radioactivity as determined by digested and 
counted aliquots of similar tissues. Control experiments, in which the 
purified :'H-methotrexate solution was added either to the blood pooled 
from the tumor-bearing mice receiving no drug or to the homogenizing 
medium for tumors from control mice, were also performed. 


RESULTS AND DISCUSSION 


Plasma and Tumor Sample Radioactivity-Methotrexate is sig- 
nificantly metabolized in rodents hy the host intestinal bacteria (13-15). 
Thus, the measured radioactivity is the sum of the radioactivity associ- 
ated with both methotrexate and its metabolites. The radioactivity 
fraction associated with methotrexate in the samples, however, will vary 
with the dose given, the administration route, and the time after injection, 
as was observed in this study. 


As can he seen in Table I, a t  times shorter than 30 min, methotrexate 
remained largely intact regardless of the dose. By 3 hr, only 10-20% of 
the radioactivity measured in the plasma (depending on the dose) was 
associated with methotrexate; the remainder was associated with me- 
tabolites and, in a few cases (plasma sample a t  3 hr and 300 mg/kg; tumor 
sample a t  3 hr and 300 mg/kg), with :'H20. However, nearly all tritium 
measured in the tumor a t  0.03 mg/kg a t  3 hr was in methotrexate. The 
same result is to be expected for the 0.003-mg/kg dose. The  lower per- 
centage found in the tumor sample a t  3 mg/kg can be attributed to the 
relatively significant amount of metabolite in the extracellular com- 
partment, which is insignificant a t  lower doses. At 300 mg/kg, most of 
the radioactivity in both samples came from "20, which largely ac- 
counted for the low percentages associated with methotrexate. These 
findings were used to make corrections in the uptake studies. 


Membrane Transport  as Rate-Limiting Step-After corrections 
were made in accordance with 'I'ahle I, the methotrexate concentrations 
in tumors a t  different time points for all doses were plotted against the 
corresponding concentrations in plasma (Fig. 2). The tumor methotrexate 
concentration was not a unique function of  its concentration in the 
plasma, which would be expected if the uptake were flow limited. The 
dependence o f  the tumor methotrexate concentration on the dose given 
as well as on the plasma concentration strongly suggests that membrane 
resistance can he a rate-limiting factor for methotrexate uptake in this 
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tumor. Similar observations were made with such tissues as the small 
intestine, spleen, and bone marrow of the rat (8) and lymphosarcoma of 
the dog (4). 


Plasma Data-The plasma methotrexate concentrations obtained 
for each dose up to :3 hr are shown in Fig. 3. Corrections for tritium not 
associated with methotrexate were made in accordance with Table I. For 
the lowest dose, a correction was made a t  3 hr in proportion to that made 
for 0.03 mg/kg. Based on these points and with the assumption of 100% 
radiopurity a t  time zero, a linear interpolation provided the points be- 
tween 30 min and 3 hr. The resulting corrected plasma data sets for each 
dose were then curve fitted (16) with the following triexponential equa- 
tion: 


C , ( t )  = a1 exp(-blt) + azexp(--bZt) + a.'exp(-b:$) (Eq.9) 


where C,(O) for each dose was obtained from the whole animal model 
developed earlier (17). These equations thus served to evaluate the de- 
nominator in Eq. 7 and as input functions for tumor model simula- 
tions. 


Tumor Data-The measured tumor methotrexate concentrations as 
a function of time are plotted for  each dose in Fig. 4. Also shown are the 
corrections made in accordance with Table I. The tumor methotrexate 
concentrations were indeed proportional to the doses at the two lowest 
doses, indicating the validity of Eq. 6. As the dose increased, the tumor 
concentration did not increase proportionally, and the transport mech- 
anism apparently became saturated. 


The data obtained a t  either of the two lowest doses were then used, 
together with the corresponding plasma data, in Eq. 7 to estimate k l K .  
Equations 1, 2,6 ,  and 8 can be solved simultaneously on a digital com- 
puter for ('T as a function o f  time for the two lowest doses, using the es- 
timated value of k l K  once VJV and Q/V are determined. The value of 
V,.IV was conveniently evaluated from Fig. 2, where VJV = CT/C,  a t  
short times following the highest dose when most ofthe drug is confined 
in the extracellular space due to transport saturation. To evaluate QlV,  
it is noted that the change in CT during the first few minutes following 
the highest dose can he approximated by: 


(Eq. 10) 
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Tab le  11-Model Parameters for  Murine Lewis Lung Tumor 


Parameter Value 


g / V ,  flow rate for unit volume, min-l 
V J V ,  fractional extracellular volume 0.2 
a,  maximum binding capacity, pg/ml 
E, dissociation constant, pg/ml 


0.1 


1 .O" 
0.00001 b 
0.0036 
0.3 


k, maximum transport rate for unit volume, pg/ml/min 
K. Michaelis constant for transport, p d m l  


0 Reference 2. * Reference 8. 


An approximate value of Q / V  was thus found from the best fit of' Eq. 10 
to the experimental data under such conditions. Since the uptake is not 
llow limited, a precise knowledge of 4 is not required. These parameters, 
along with other model parameters, are given in Table 11. The predicted 
Cr values were made to best f i t  the experimental data a t  the two lowest 
doses by slightly adjusting the initial k/K estimate. The final k / K  value 
was compared to that of the small intestine in Table Ill. 


The nonresponsiveness of the Lewis lung tumor to methotrexate clearly 
results from a combination of a t  least two factors: higher dihydrofolate 
reductase and lower membrane permeability. With drug doses that are 
not lethal to the mouse, there is probably always free dihydrofolate re- 
ductase present in the tumor to produce sufficient coenzymes for the 
utilization of nucleotides in DNA and RNA synthesis. The molecular 
mechanism of decreased tumor permeability as compared to normal 
tissues certainly cannot be elucidated from this study alone. As an indi- 
cation, however, it is seen in Table 111 that since the.K's are the same for 
different tissues, the difference in the permeability thus reflects the 
difference in k's as shown. Acceptance of the hypothesis of a carrier- 
mediated transport (18) suggests that  the carrier quantity and/or ac- 
cessibility is less in the tumor cell membrane than in the normal cell 
membrane. 


Model Simulation-The simulations of the average methotrexate 
concentrations in tumors for all doses are shown in Fig. 4. The model 
simulates the experimental data over a wide concentration range, 
spanning six logarithms. The tight binding (19) of methotrexate to 
dihydrof'olate reductase was recently shown to be ionic in nature (20), 
and the overwhelmingly high dihydrofolate reductase content of this 
tumor ensures a sink condition within the tumor cell and a one-way 
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Table 111-Transport Parameters  and  Enzyme (Dihydrofolate 
Reductase) Activity fo r  Murine Lewis Lung Tumor as Compared 
to  the Small  Intestine 


Permea- Enzyme Activitya, 
bility nmoles of 
(klK), k .  K, dihydrofolate/ 


Tissue min-l pg/ml/min pg/ml hr/mg of protein 


Lewis lung 0.012 0.0036 0.3 97 
tumor 


Small intestine 0.024 * 0.0072 0.3 * 16 


It. I,. Dedrick, to be puhlished). 
Reference 2. Bile-diverted mice (R. J. I,utz, D. S. Zahrirko, K. H. Yang, and 


transport involving influx only. This condition greatly simplifies the 
experimental system and may account for the apparent success of the 
simple model used here. Therefore, the conformity of the model predic- 
tions with the data should not be construed as indicating that the influx 
and efflux parameters of the transport system in the present case are 
indeed identical. The contrary, in fact, was suggested in some other tumor 
lines (21-23). 


The events that take place are illustrated in Figs. 5 and 6 for 0.003 and 
300 mg/kg, respectively. Figure 5 shows that methotrexate enters the cell 
quickly and binds to dihydrofolate reductase. With the extracellular 
concentration rapidly decreasing, very little methotrexate enters after 
15 min; from then on, the measured tissue averages closely represent the 
hound intracellular concentrations. The transport rate is directly pro- 
portional to the extracellular concentration. 


In Fig. 6, for the highest dose, the extracellular concentration domi- 
nates the measured concentration for the first 30 min. Only after -3 hr 
does the intracellular concentration become significant. More impor- 
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tantly, there is insufficient methotrexate entering the cell to saturate all 
the dihydrofolate reductase present and, therefore, little free metho- 
trexate exists inside the cell a t  any time. I t  has been demonstrated (24, 
251, however, that the persistence of the free intracellular methotrexate 
accounts for its cytotoxic action. Thus, through model simulations, the 
measured concentrations in tumors are shown to consist almost entirely 
of extracellular and bound intracellular concentrations in various pro- 
portions, depending on the time and the dose. Since the transport rate 
has already reached i t s  maximal value at this high dose (Fig. 6). a further 
increase in the dose would only shift the extracellular curve and, corre- 
spondingly, the tissue average curve upwards without a large concomitant 
increase in the intracellular concentration during the first 2-3 hr. The 
transport rate would be near the maximum level, only dropping a t  a later 
time. 


These predictions will be altered, however, if a passive process plays 
an increasingly significant role as the dose is increased further. This role 
is still largely unknown at the present time. Nevertheless, what happens 
a t  even higher doses is probably of theoretical interest only. In practice, 
there is a limit to which the dose can be further increased; the LDso of 
the drug in mice is 350 mg/kg (26). 
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Abstract Studies utilizing the in uitro everted rat jejunum were per- 
formed to investigate the effects of proadifen pretreatment and fasting 
on active and passive intestinal transfer of3-0-methylglucose. Animals 
were pretreated 24 hr prior to the experiments with 100 mg of proadi- 
fen/kg ip. With mucosal concentrat ions of 0.1 mM :3-O-methylglucose 
and 14C-3-O-methylglucose, transfer to the sugar-free serosal buffer after 
pretreatment with proadifen was 50% greater than controls after a 24-hr 
fast and 120% greater than controls after a 48-hr fast. Everted intestinal 
segments obtained from unfasted rontrol animals showed diminished 
ability to transfer the sugar derivative, with transfer rates approximately 
50% less than those of segments obtained from 24-hr fasted control ani- 


mals. Wet and dry tissue weights for 24- and 48 hr-fasted groups increased 
following proadifen pretreatment. The results suggest that proadifen 
enhances 3-0-methylglucose transport across the rat jejunum and also 
increases intestinal tissue weight. 


Keyphrases 0 Enzyme induction-effect of proadifen on intestinal 
methylglucose transport, rats, fasting 0 Enzyme inhihition-effect of 
proadifen on intestinal methylglucose transport, rats, fasting Meth- 
ylglucose-effect of proadifen on intestinal transport, rats, fasting 
Proadifen--effect on intestinal met hylglucose transport, rats, fasting 


Several monosaccharides, amino acids, vitamins, and 
clinically employed drugs are absorbed from the intestinal 
lumen by carrier-mediated processes. A 3-0-methyl de- 
rivative of d-glucose has been shown to be absorbed across 
the mucosal epithelia by an active transport mechanism 


(1,2). Since this derivative is not utilized by animal tissue 
(11, as is d-glucose, it is a useful agent for specific exami- 
nation of active sugar transport by intestinal tissue. 


Chemical agents capable of altering cell metabolism 
influence active absorption processes in the intestine (3-8). 
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Abstract  0 The solubility of methylparaben was determined a t  25' in 
a series of amide-water cosolvent systems. The data were used to dem- 
onstrate the possibility of an amide excess at or near the ester solute over 
that in the bulk solvent. The analysis, stemming from an interfacial 
tension-solute area solubility model proposed by earlier workers, involved 
data obtained as a function of amide concentration and as a function of 
amide alkylation. Both sets of data support the basic contention of the 
paper. 


Keyphrases Solubility-methylparaben in amide-water cosolvent 
systems, cosolvent excess 0 Methylparaben-solubility in amide-water 
cosolvent systems, cosolvent excess Amide-water cosolvent sys- 
tems-methylparahen solubility, cosolvent excess 


An interesting approach to explaining the solubility of 
nonelectrolytes in polar solvents was proposed and tested 
by previous investigators (1-6). The idea stems from the 
concepts of regular solutions (7), and it describes the excess 
work of cohesion and adhesion in forming those solutions 
in terms of the tension and surface area a t  the solute-sol- 
vent interface. The apparent success of the model has 
prompted an extension of these relatively new concepts. 


BACKGROUND 


The mole fraction solubility of a solid nonelectrolyte, X3, may he 
represented as: 


where the first term on the right is the ideal solubility of the solid material 
in any solvent as calculated using the heat of fusion, AH,, the melting 
point of the solid, T,, and the temperature, T, a t  which the solubility 
is desired. 


The second term on the right in Eq. 1 represents the natural logarithm 
of the activity coefficient, In Y3, which adjusts for solute-solvent inter- 
actions. In that expression, Vs is the molar volume of the solute, 61 is the 
volume fraction of solvent in the solution, and bl and 6 2  are the solubility 
parameters for the solvent and solute, respectively. The latter are the 
subject of an excellent review (8). This approach to describing the activity 
coefficient is based on a summation of the energies associated with: ( a )  
the removal of a solute molecule from the bulk solute, ( b )  creation of a 
hole or cavity in the solvent, and (c) subsequent adhesive interactions 
between the solute and the solvent. 


Amidon et al. (2), using arguments of Langmuir (9) and Scatchard (lo), 
suggested the following relationship as a workable alternative for the 
activity coefficient expression: 


In Y3 = - y12(SA3) (Eq. 2) 


where y12 is the tension a t  the interface between the solute molecule and 
the surrounding solvent, and (SAs) is the surface area that the solute 
molecule presents to the solvent. According to this model, the nonideal 
energy of interaction is due to the creation of new surface, (SA3), against 
the interfacial tension, Y I Z .  


Equation 2 has been discussed and tested in various forms, which 
permit some helpful analyses of solvent interactions with the polar and 
nonpolar portions of numerous nonelectrolyte solutes. One form of the 
expression particularly relevant to cosolvent systems is (4): 


log Xi  = log X, + u/= (Eq. 3) 


in which XI is the mole fraction solubility of the solute a t  volume fraction, 


f c ,  of the cosolvent, and X, is the mole fraction solubility of the solute 
in water. The term u is defined as: 


(Eq. 4) 


where y: and 7% are the macroscopic interfacial tensions between tet- 
radecane (a model hydrophobic surface) and water and between tetra- 
decane and pure cosolvent, respectively. The hydrophobic surface area 
for the solute is (HYSAB), and C is a correction for the extremely small 
radius of curvature a t  the solute molecule surface. Tests using aqueous 
cosolvent mixtures with glycerin, propylene glycol, ethylene glycol, 
formamide, methanol, and ethanol over the range from pure water to pure 
cosolvent suggest that  Eq. 4 is a reliable representation and that C has 
a relatively constant value near 0.5. 


While there is general agreement that theory predicts a reduced surface 
tension a t  the solute-solvent interface because of the small radius of 
curvature, some disagreement exists (1 1) as to whether the reductions 
should be as great as 50%. Arguments for the curvature effects as they 
relate to cosolvent systems have assumed that the solvent mixture at the 
solute surface is of the same composition and character as it is in the bulk. 
Indeed, it was suggested (3, 4) that  the thermal motion of the solute 
molecules and the already lowered tension at the curved interface with 
the solvent preclude the accumulation of cosolvent molecules a t  the solute 
surface over that in the bulk of the mixed solvent. These researchers (3, 
4) showed compelling evidence that this hypothesis may be true in re- 
porting rather constant values for C in Eq. 4 and u in Eq. 3 for several 
cosolvent-solute systems. 


In spite of the evidence, however, it seems reasonable to reconsider the 
possibility of a cosolvent excess a t  or near the solute. In this regard, one 
must ask if the shearing force on a diffusing semipolar solute is sufficient 
to overcome the van der Waal's interactions between it and the water and 
cosolvent molecules, as has been suggested (3, 4). These interactions, 
often referred to as nonspecific because they are nondirectional and lack 
a definite stoichiometry (12), can be significant. Thus, it is difficult to 
accept solute diffusion that is completely independent of some solvation 
shell or environment. Furthermore, it can be argued that the tendency 
for a cosolvent to partition to the molecule-solvent interface is not con- 
trolled so much by the existing tension a t  that interface as by the need 
to minimize the energy of the entire system. Thus, the lowered tension 
at the solute-solvent interface does not preclude cosolvent adsorption 
to that surface with consequent further tension lowering. 


The latter contentions have significant possibilities with regard to 
cosolvency mechanisms. Accordingly, it seemed desirable to investigate 
the conditions further. The present paper is a supplemental and, perhaps, 
more detailed view of the solute-cosolvent microinterface in that it fo- 
cuses on very water-rich systems where more characteristic cosolvent 
effects may be evident. 


' EXPERIMENTAL 


The data used in the preparation of this paper were reported previously 
(13, 14). In brief, the procedures for obtaining these data entailed: (a) 
preparation of the amide-water solvent systems by careful weighing of 
the two ingredients, ( b )  equilibration of excess methylparaben with the 
cosolvents a t  26.0°, and (c) determination of the ester concentration in 
the resulting solutions using a standard UV spectrophotometric proce- 
dure. The results pertinent to the present study are listed in Tables I and 
11. 


The volume fraction values, /a ,  shown in Tables I and I1 were calculated 
according to: 


(Eq. 5 )  


where X and v refer to mole fractions and partial molar volumes, re- 
spectively, of the amide, a ,  and the water, w ,  in the binary mixtures. The 
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Methylformamide 


Dimethylformamide 


Table  I-Mole Fraction Solubility of Methylparaben, Xf,  in Various Amide-in-Water Cosolvent Systems at 25” 


log Xi‘ 
Amide X,” f o b  x 103 - log x, U d  


Formamide 0 0 0.246 - - 
0.0100 0.0213 0.306 0.095 4.46 
0.0258 0.0573 0.368 0.175 3.26 
0.0506 0.1029 0.534 0.337 3.38 
0.0746 0.1483 0.712 0.462 3.12 
0.1002 0.1946 0.948 0.586 3.01 
0.1248 0.2371 1.23 0.699 2.95 
0.1490 0.2768 1.55 0.799 2.89 
0.1747 0.3169 1.84 0.874 2.76 
0.1997 0.3538 2.35 0.980 2.77 
0 0 0.246 - - 
0.0100 0.0307 0.344 0.146 4.76 
0.0247 0.0734 0.523 0.328 4.47 
0.0497 0.1406 0.939 0.582 4.14 
0.0754 0.2036 1.61 0.816 4.01 
0.0998 0.2598 2.51 1.009 3.88 
0.1245 0.3105 3.83 1.192 3.84 
0.1490 0.3572 5.44 1.345 3.77 
0.1736 0.401 1 8.29 1.528 3.81 
0.1981 0.4416 11.72 I .678 3.80 
0 0 0.246 - - 
0.0100 0.0409 0.431 0.244 5.9s 
0.0249 0.0969 0.830 0.528 5.45 
0.0499 0.1799 2.04 0.919 5.11 
0.0745 0.2513 4.57 1.269 5.05 
0.0992 0.3150 10.39 1.626 5.16 
0.1224 0.3686 22.07 1.953 5.30 
0.1440 0.4137 40.71 2.219 5.36 
0.1644 0.4534 61.07 2.395 5.28 
0.1833 0.4869 83.60 2.531 5.20 


xi 


Mole fraction of amide in the binary aqueous cosolvent system. * Volume fraction of amide in the binary aqueous cosolvent system. r Corresponding terms in Eq. 
Calculated according to Eq. 3 3. 


partial moltir values employed were those corresponding to the appro- 
priate amide mole fraction. Measurements equivalent to density deter- 
minations to 1 ppm were the bases for these volume data (13). 


DISCUSSION 


The data in Tahle I report cosolvency effects produced hy changes in 
cosolvent concentration. Those in Table 11 report the analogous et’t‘ects 
as the hydrophobic nature of the cosolvent was varied. Both sets of data 
strongly suggest that  an excess of cosolvent in these aqueous solutions 
may be found at  or near the solute--solvent interface. 


Tahle I presents the results of a study in which the solubility of 
methylparaben was determined in aqueous cosolvents of increasing 
fnrmamide, methylformamide, or dimethylformamide concentration. 
The last column of the table lists the uvalues calculated according to Eq. 
3 for each solution system. The trends in all three data sets are similar. 
The (r value is highest a t  the low amide concentrations and decreases to 
a somewhat constant value which appears to he characteristic of the 
particular amide involved. This result contrasts with the findings and 
suggestions of Yalkowsky et al. (3 ,4)  indicating that (r would be a con- 
stant as described in Eq. 4. 


Inspection of the parameters in Eq. 4 reveals little that  may change 
to meet the present circumstance if one is to subscribe to the interfacial 
tension-solute surface area model for solubility predictions. Both T:, and 
yt ,  whatever their precise value against a suitahle hydrophobic surface, 
are constants for the particular amide-water cosolvent systems; HYSAs 
is a constant for this study since only the solute methylparaben was used. 
The theoretical meaning and constancy ot‘ the curvature correction, C ,  
are uncertain. Nevertheless, previous results involving numerous solvent 
systems strongly support a relatively constant, although empirical, value 
near 0.55 (4). 


An additional point should he considered. If u is in fact a constant, then 
theory may be reconciled with observation if the volume fraction of the 
amide in the cosolvent, f a ,  is larger than that shown for the lower amide 
concentrations in Table I. Practically speaking, this can occur if the amide 
cosolvent accumulates a t  or near the solute molecules as an excess over 
that  in the hulk. The result would be a higher “effective” cosolvent vol- 
ume fraction, as well as a tendency toward the constant u. Water-amide 
interactions and steric effects should limit this cosolvent excess and, in 
all probability, account for the decrease in the apparent u to the char- 
acteristic and relatively constant values shown a t  higher amide concen- 
trations in Tahle I. Moreover, no exception need be taken with the results 


of the earlier studies since the cosolvent concentrations employed were 
all undouhtedly high enough to be in the range where the u values had 
plateaued. 


Tahle I1 presents the results of a study in which the solubility of 
methylparaben was determined in several 0.01 mole fraction amide- 
in-water cosolvent systems. The amides used were relatively simple and 
differed only in the degree of alkylation on the nitrogen and on the car- 
bony1 carbon. 


Values for (r (not shown) were calculated according to Eq. 3. They 
varied from 3.40 for acetamide to 6.43 for dimethylpropionamide. The 
surface tensions of several of the pure amides against air were obtained 
from the literature (3, 15). While some correspondence between these 
values and an amide-tetradecane interfacial tension might be anticipated 
(3), there was no obvious correlation with the calculated u. 


An inspection of the data in Table I1 indicates that (log X i  - log Xu) 
does hear some dependence on the degree of alkylation. This relation is 
seen more clearly in Fig. 1 where (log X i  - log X,) is plotted against the 
number of methylene groups in the various amides. The line in the figure 
is a linear least-squares representation of the data, having its origin a t  
(log X I  - log X , )  for formamide and a slope of 0.0495. 


Since (log X i  - log Xu) is the logarithm of the activity coefficient of 
the solute, the slope of the line in Fig. 1 permitsthe calculation of the 
standard partial molar free energy change, AGY, accompanying the 
transfer of 1 mole of solute from a saturated solution in an amide-water 
cosolvent to n second saturated solution in which the amide cosolvent 
possesses an additional methylene group per molecule. The expression 
is given by: 


(Eq. 6) 


which, upon insertion of the least-squares slope on the right, gives ACy 
= -1780 callmethylene group. 


I t  is interesting to consider this t’ree energy change in contrast with 
several possihle events. For example, a straightforward application of 
the interfacial tension-solute area model, using 130 A2 as the approximate 
(HYSA3) for methylparahen’, would require a decrease in 7: of -9.4 
dyneslcm as  each methylene group is added to the amide cosolvent to 
produce the energy change. If a curvature correction of 0.55 is included, 
the required change in 7; becomes nearly 18. Intuition and the surface 


S. H .  Yalkowsky, personal communication. 
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Table 11-Mole Fraction Solubility of Methylparaben, Xf, in 
0.01-Mole Fraction Amide-in-Water Cosolvent Systems at 25” 


Amide 


Formamide 
Methylformamide 
Ethylformamide 
Propylformamide 
Acetamide 
Methylacetamide 
Ethylacetamide 
Propylacetamide 
Propionamide 
Methylpropionamide 
Ethylpropionamide 
Propylpropionamide 
Dimethylformamide 
Diethylformamide 
Dimethylacetamide 
Diethylacetamide 
Dipropylacetamide 
Dimethylpropionamide 
Diethylpropionamide 


f a ”  


0.0213 
0.0307 
0.0394 
0.0466 
0.0300 
0.0394 
0.0477 
0.0546 


0.0472 
0.0548 
0.0624 
0.0409 
0.0560 
0.0473 
0.0628 
0.0785 


0.0384 


. . .. 


0.0549 
0.0703 


xi 
x 103 


0.306 
0.344 
0.388 
0.455 
0.311 
0.389 
0.427 
0.524 
0.362 
0.415 
0.442 
0.512 
0.431 
0.55 1 
0.481 
0.66: 


0.55: 
- 


- 


log X,* 
- log x, 


0.095 
0.146 
0.198 
0.257 
0.102 
0.199 
0.239 
0.328 
0.168 
0.227 
0.254 . ~~ ~ 


0.318 
0.244 
0.350 
0.291 
0.281 


0.353 
- 


- 


Y E  


(58) 
39 (40) 


32 


- 


35 (37) 
28 
33 
- 


4 Volume fraction of amide in the cosolvent system. Corresponding terms in 
Eq. 3. c Surface tension of pure liquid amides obtained from Ref. 15. Numbers in 
parentheses are the values of Yalkowsky et ol. (9). Separation into two phases 
on equilibration. 


tension data shown in Table I1 indicate that neither change is probable. 
Complexation between the solute and the amides seems to be a remote 
possibility given the relatively low energy change and the fact that  the 
change is related only to the degree of amide alkylation. This once again 
points to the possibility of an accumulation of excess cosolvent a t  or near 
the solute. 


According to Traube’s rule (16). the free energy of a system is reduced 
by 640 cal for every mole of methylene group that partitions to the air- 
water interface. While the reduction in the case of partitioning to a sol- 
vent-hydrophobic solute interface will undoubtedly be greater due to 
the enhanced dispersion interactions, this added effect probably would 
not triple the energy reduction needed to give the observed value. Ob- 
viously, factors other than, or in addition to, adsorption to an interface 
are involved. 


The phase separations noted in Table I1 support the view that a co- 
solvent excess probably exists a t  the solute surface. Dipropylacetamide 
is miscible with water in all proportions, as is diethylpropionamide (13). 
However, the introduction of methylparaben a t  less than one-tenth the 
amide concentration leads to a separation of the otherwise stable 
water-amide mixtures into two systems. Again, no distinct explanation 
is apparent. Nevertheless, the largely hydrophobic ester indisputably 
provides a focus for the amide molecules in these solutions. 


Presumably, the same type of amide-solvent, amide-solute, and 
amide-amide interactions that lead to the observed phase separations 
exist to varying degrees in each single-phase system obtained and studied 
in this work. Further investigation is necessary to characterize these in- 
teractions, which apparently promote the cosolvent excess. 


SUMMARY 


The solubility of methylparaben in various water-rich, amide-water 
cosolvent systems was studied. The findings cannot be explained on the 
basis of the interfacial energy-solubility model proposed by earlier 
workers. The present analysis finds evidence suggesting the existence 
of excess amide molecules near the dissolved ester over those in the bulk. 
Such an excess might explain the effects on solute-solvent interfacial 
tension and/or a decrease in the free energy of the systems through some 
cooperative hydrophobic effect. This matter is being studied. 


~ 


1 2 3 4 5 
METHYLENE GROUPS PER AMID€ MOLECULE 


Figure I-Logarithm of the activity coefficient of methylparaben in 
its saturated solutions with 0.01-mole fraction amide-in-water cosol- 
vents, log X&,, as a function of the number of methylene groups on 
the amide molecule in the respective cosolvent system. Key: 0, N-sub- 
atituted amides; and 0, N,Nl-disubstituted amides. 
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levels’. A boiling alkaline picrate method claimed for the 
determination of “true” creatinine has also been shown to 
give an average 32.4 f 27.2% (SD) overestimation, with the 
highest overestimation being 102% (7). 


We did not advocate that our method be used routinely 
for all creatinine determinations in patients. Since plasma 
or serum samples as small as 10 pl are sufficient in our 
method, we suggested that the method would be “partic- 
ularly valuable to the monitoring of the renal function in 
premature and mature infants, children, and adults with 
collapsed vascular veins. In these patients, the sample 
required can be obtained easily from the fingertip or the 
heel in the case of tiny, premature infants.” 


Place misunderstood our paper regarding the analysis 
time for each sample. We stated in the Abstract that: 
“Each assay required only about 5 min for completion.” 
This statement was mistaken by Place to mean 5 min per 
chromatographic time. In fact, we meant that the time 
from the receipt of a plasma,or serum sample to the re- 
porting of the creatinine level of the sample is -5 min. Less 
time is required for multiple-sample analyses. This time 
compares favorably with the membrane method, which 
requires -90 min for emergency cases. The proposed 
HPLC method can certainly be modified and automated. 
The potential clinical application of the HPLC method for 
creatinine assay was examined in two recent papers (5, 
6). 


Regarding Place’s (2) comment on the work of Moss et 
al. (8), it should be pointed out that the lowest creatinine 
concentration shown in their standard curve is 2 mg %, 
although the use of a 1 mg % solution was mentioned in the 
text. Certainly, it is not most desirable to perform the re- 
producibility study using the creatinine level below the 
range used for the standard curve. 


Although the data on reproducibility of measurements 
of concentrations <1 mg % were not presented explicitly 
in our papers (1, 7), they were clearly implied. Excellent 
reproducible results were always obtained for low creati- 
nine levels in our many standard curve and plasma level 
studies (1,7). Using a modified mobile phase and a 254-nm 
fixed wavelength detector, the coefficient of variation for 
0.5 mg % serum sample is only about 2% (9). Our comment 
(1)  on the interferences in samples from ketotic patients 
should have been directed to the colorimetric method of 
Heinegdrd and Tiderstram (10) and not to the ion-ex- 
change membrane method. 


It is important to point out that in using our HPLC 
method (1) for creatinine, the filter device2 to separate 
plasma or serum from blood cells should not be used; 
chemicals leached out from the device will interfere with 
the assay. The possibility of such interference in other 
HPLC methods should be studied prior to their use. 
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Effect of Sodium Sulfate on Acetaminophen 
Elimination by Rats 


Keyphrases 0 Sodium sulfate-effect on acetaminophen elimination, 
protection against acetaminophen toxicity, rats 0 Acetaminophen- 
toxicity, prevention by sodium sulfate, effect on elimination 0 Analge- 
sics-acetaminophen, toxicity, prevention by sodium sulfate 


To the Editor: 
Accidental or intentional ingestion of large acetamino- 


phen overdoses can cause hepatotoxicity and damage to 
other vital organs, sometimes with lethal outcome (1,2). 
This toxic effect is produced by a reactive metabolite, 
which is formed in parallel with acetaminophen glucuro- 
nide and acetaminophen sulfate, the two major drug me- 
tabolites (3). Pharmacokinetic analysis of acetaminophen 
disposition in acutely intoxicated patients and certain 
other evidence from studies in humans indicate that the 
reactive acetaminophen metabolite is formed by apparent 
first-order kinetics while the two major conjugated me- 
tabolites are formed by capacity-limited kinetics (4, 5). 
Results of acetaminophen conjugation interaction studies 
in humans suggest that the availability of sulfate is rate 
limiting in the formation of acetaminophen sulfate (6,7). 
If the formation of acetaminophen sulfate can be acceler- 
ated by administration of sodium sulfate or another suit- 
able sulfate source, then the amount of reactive metabolite 
formed and, therefore, the acetaminophen toxicity should 
be decreased. 


Preliminary studies in mice showed that intraperitoneal 
administration of sodium sulfate significantly increased 
the median lethal dose (i.e., decreased the toxicity) of 
acetaminophen (8), but the effect of sodium sulfate on 
acetaminophen disposition was not determined. There is 
some indication that acetaminophen sulfate formation by 
rats is capacity limited and that treatment with sodium 
sulfate increases the urinary excretion of the conjugate (9, 
10). However, the reported data do not establish defini- 
tively the effect of sodium sulfate on acetaminophen 
elimination kinetics since acetaminophen concentrations 
in plasma were not determined and urine collections were 
terminated before the excretion of drug and metabolites 
was completed. 


In view of the potential clinical utility of sodium sulfate 
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Figure I-Effect of sodium sulfate on elimination of acetaminophen, 
150 mglkg iv, by male Sprague-Daidey rats. Sodium sulfate was ad- 
ministered intraperitoneally (142 mglkg 15 min before acetaminophen) 
and by intravenous infusion (about 21 mglkglhr for 2 hr, starting at the 
time of acetaminophen injection). Shown are the acetaminophen con- 
centrations in plasma (mean + or - SD,  n = 7) as a function of time in 
control (0) and sulfate-treated ( 0 )  animals. Concentrations differed 
significantly (p < 0.02) from 20 min on. 


for preventing or reducing acetaminophen toxicity ( 5 ) ,  a 
comprehensive study of the effect of sodium sulfate on 
acetaminophen elimination kinetics has been instituted. 
Reported here are results of a preliminary study which 
showed that sodium sulfate does substantially accelerate 
acetaminophen elimination in rats. 


Fourteen adult male Sprague-Dawley rats, 280-320 g, 
had a cannula implanted in the right jugular vein (11,12) 
1 day before the study. Food and water were withdrawn in 
the morning a t  the beginning of the experiment. Acet- 
aminophen, 150 mg/kg (25 mg dissolved in 1 ml of 40% 
propylene glycol in water a t  40'1, was injected intrave- 
nously. Seven animals received a bolus dose of sodium 
sulfate, 142 mg in 3 ml of water/kg ip 15 min before acet- 
aminophen and an intravenous sodium sulfate infusion, 
142 mg in 10 ml of water, over 2 hr beginning a t  the time 
of acetaminophen injection. Seven control rats received 
an intraperitoneal injection and an intravenous infusion 
of sodium chloride solution containing the same sodium 
concentrations as  the sodium sulfate solutions. 


Blood samples (0.45 ml) were obtained periodically over 
4 hr. Plasma was separated and assayed for acetaminophen 
and acetaminophen sulfate by high-performance liquid 
chromatography. The  assay was a modification of a pub- 
lished procedure (13) with the following changes: 
pBondapak C-18 column', 4-fluorophenol as the internal 
standard, Z-ml/min flow rate, isopropanol in the mobile 
phase reduced to 1.0 part, and 50% trichloroacetic acid (1 
p a d 2  parts of plasma) for plasma protein precipitation. 


Sodium sulfate caused plasma acetaminophen concen- 
trations to decline much more rapidly in the experimental 
animals than in control rats (Fig. 1). Other data,  to be re- 


' Waters Associales, Milford, MA 01757. 
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Figure 2-Acetaminophen sulfate concentrations (expressed in terms 
o f  acetaminophen) as a function of t ime in  plasma of control (0) and 
sodium sulfate-treated ( 0 )  rats (mean + or - SD, n = 7) .  T h e  areas 
under the two curves f rom zero t ime to 3 h r  differed significantly (p < 
0.05). 


ported later, show that acetaminophen elimination is dose 
dependent even though the plasma drug concentration 
decline is apparently exponential. The  time required for 
acetaminophen concentrations to decrease by 50% was 55 
f 7 min in control rats and 32 f 5 min in sodium sulfate- 
treated rats (mean f SD, p < 0.001) under the experi- 
mental conditions. Conversely, plasma acetaminophen 
sulfate concentrations were significantly higher in sodium 
sulfate-treated than in control animals (Fig. 2). 


This study demonstrated that  sodium sulfate increases 
acetaminophen sulfate formation and thereby accelerates 
acetaminophen elimination in rats. Inferentially, such 
treatment should reduce the formation of other metabo- 
lites by competing pathways, particularly those, like the 
reactive acetaminophen metabolite, tha t  are formed by 
apparently linear kinetics. These conclusions are consis- 
tent with the observation that  sodium sulfate reduces 
acetaminophen toxicity in mice (8). If clinical studies, now 
in progress, yield similar results, then incorporating so- 
dium sulfate or another sulfate source in pharmaceutical 
products containing acetaminophen (14) will deserve se- 
rious consideration. 
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BOOKS 


REWEWS 


Essentials of Toxicology, 3rd Ed. By TED A. LOOMIS. Lea & Febiger, 
600 Washington Square, Philadelphia, PA 19106. 1978.245 pp. 15 X 
24 cm. Price $12.50. 
The newest edition of this basic toxicology text differs little from the 


previous edition in both form and content. The type is slightly larger and 
thus easier to read. Many chapters have few, if any, alterations. Some of 
the additional or revised material to be found includes: updated statistics 
on poisoning and mortality from chemical exposure; an amplified section 
on the influence of the microsomal P-450 enzyme system on chemical 
toxicity; a table of genetically based alterations which account for indi- 
vidual variations in response to drugs and chemicals; a section differen- 
tiating the concepts of biological half-life of a compound versus “half-life 
for toxicity,” using as an example fatty deposition in liver after exposure 
to ethanol; and a brief description of behavioral toxicity studies in ani- 
mals. 


A table on page 60 lists formaldehyde as the toxic metabolite of 
methanol, although recently published data indicated that formate, and 
not formaldehyde, is responsible for ocular toxicity in monkeys and 
presumably in humans. 


Each chapter is adequately referenced to provide the interested student 
with sources of more detailed information. This book cannot be compared 
to other texts such as Casarett and Doull’s “Toxicology, The Basic Science 
of Poisons” (Macmillan) or portions of Goldstein, Aronow, and Kalman’s 
“Principles of Drug Action” (Wiley), both of which deal more extensively 
with toxicologic subject matter. However, “Essentials of Toxicology” 
provides a well-organized introductory approach to toxicology and can 
serve a useful purpose in an orientation course to this highly diversified 
science. 


Reuiewed by Ray Orzechowski 
Philadelphia College of 


Philadelphia, P A  19104 
Pharmacy and Science 


Blood Drugs and Othe r  Analytical Challenges (in Methodological 
Surveys in Biochemistry), Vol. 7. Edited by E. REID. Ellis Honvood 
Ltd., Market Cross House, 1 Cooper Street, Chichester. Sussex, En- 
gland (US. distributor: Halstead Press, a division of John Wiley & 
Sons, 605 Third Avenue, New York, NY 10016). 1978.355 pp. 14.8 X 
22.6 cm. Price $47.50. 
This volume (Volume 7 )  compliments i ts  predecessor (Volume 5 )  and 


is based on the papers presented a t  Bioanalytical Forum held a t  the 
University of Surrey in 1977. The book provides practical information 
of value to the bioanalytical researcher and attempts to present meth- 
odological rationale rather than mere recipes. The first four chapters are 
subdivided into sections, and the fifth chapter represents the notes, 
comments, and discussion in the form of questions and answers on the 
preceding four chapters. 


The first chapter, “The Framework,” sets out the general philosophy 


for development of analytical methods, discusses quality control and 
sources of errors in assays, and presents an overview on analytical method 
evaluation. The second chapter describes aspects of gas chromatography 
(GLC) with problems associated with capillary and packed columns and 
detectors (AFID and ECD). Their applications in drug analysis as well 
as derivatization procedures are discussed also. 


In the third chapter, mass spectrometric methods for drug and en- 
dogenous compound analyses in biological fluids are presented, with 
suitable examples, together with considerations concerning accuracy and 
precision. Discussions of more recent approaches in this field such as 
negative-ion mass spectrometry and HPLC-mass spectrometry are 
particularly valuable. 


The fourth chapter discusses the applications of HPLC to drug anal- 
ysis. Interesting and useful discussions with relevant examples are pro- 
vided on ion-pair HPLC of acid and basic drugs, metabolites, and en- 
dogenous compounds. Various aspects of HPLC such as electrochemical 
detection, sample handling, chemical derivatization including fluores- 
cence labeling, and prechromatographic methods in biomedical trace 
analysis are presented with useful comments and suitable examples. 


The analytical case histories on the assays of bendrofluzide, biperidin, 
and labetalol and its metabolites are interesting and informative. The 
notes and comments in the fifth chapter along with analytical case 
histories of drugs including metoclopramide, procetofenic acid, tienlilic 
acid, practolol, amitriptyline, nortriptyline and benzodiazepines make 
particularly enjoyable reading for the analyst. 


In summary, the reviewer found this book to be a well-balanced blend 
of the theoretical and practical aspects of present techniques and their 
potential applications of trace drug analysis in biological fluids. 


The book is effective in i t s  scope, variety of experiments, and presen- 
tation style. I t  is well planned, emphasizes the rationale of developing 
successful analytical methods for drug analysis by chromatographic 
techniques, and should be useful to analytical chemists working with 
biological fluids. 


Reuiewed by K. K. Midha 
Drug Research Laboratories 
Health Protection Branch 
Health & Welfare Cannda . 
Ottawa, Ontario 
KIA OL2 Canada 


Lange’s Handbook of Chemistry, Twelfth Edition. Edited by JOHN 
A. DEAN. McCraw-Hill, New York, NY 10020. 1978.1170 pp. 15 x 23 
cm. Price $28.50. 
This new edition of Lange’s Handbook u/ Chemistry is a valuable 


updating of a classic one-volume reference. 
A major improvement on the previous edition is the revised section on 


thermodynamics. The new section reflects currently recommended values 
(or heats of formation and Cibbs energies of formation, entropies, heat 
capacities a t  five different temperatures, and heats of melting, vapor- 
ization, and sublimation for 2400 inorganic and 1500 organic com- 
pounds. 
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Identification of an Imidazolinium Salt, the Major 
Product from Reaction of Benzathine with Iodine 
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Abstract 0 The isolation and identification of an imidazolinium salt 
are described. Unambiguous determination of structure was accom- 
plished by independent synthesis. The isolated product interferes in the 
iodometric assay of the benzathine salts of penicillin. 


Keyphrases D Imidazolinium salts-analysis, product from reaction 
of benzathine with iodine o Penicillin V benzathine-analysis, iodo- 
metric assay, interference by imidazolinium salt reaction product Io- 
dometric assays-penicillin V benzathine, interference by imidazolinium 
salt 


A recent report (1) described the interference of 
benzathine (I) in the official iodometric assay of penicillin 
V benzathine as presently described in the “Code of Fed- 
eral Regulations” (CFR) (2). A high-performance liquid 
chromatographic (HPLC) method (3) of analysis for for- 
mulations containing this drug was suggested subse- 
quently. 


The present article describes the isolation and identi- 
fication of an imidazolinium salt (11) as the product from 
the reaction of iodine with benzathine. 


EXPERIMENTAL’ 


1,3-Dibenzyl-2-phenylimidazolinium Triiodide (11)-To 4.0 g of 
I in 5 ml of methanol at room temperature were added 5-ml aliquot8 of 
a methanolic iodine solution (2.5 g in 125 ml); the color was allowed to 
discharge after each addition. Wheri a reddish color persisted, addition 
of methanolic iodine was continued until the precipitation of a red 
product was complete. The red solid was removed by filtration, and re- 
crystallization from methanol-acetone yielded 2.1 g of I1 as deep-red 
needles, mp 163.5-165” [lit. (4) mp 165-166’1; NMR (acetone-de): 6 4.22 
(s ,4 ,  H2C-4, HzC-5), 4.68 (a, 4, H&phenyl), 7.42 (s,lO, C-phenyl), and 
7.85 (8.5, phenyl-C-2). 


Anal.-Calc. for C23H2313N~ (mol. wt. 708.15): C, 39.01; H, 3.27; I, 53.76; 
N, 3.96. Found: C, 39.18; H, 3.36; I, 53.69; N, 4.05. 


Conversion of I1 to N-Benzoyl-N,N-dibenzylethylenediamine 
(1V)-To a slurry of 1.303 g of I1 in 20 ml of methanol was added a sat- 
urated methanolic solution of sodium thioeulfate until a colorless solution 
was obtained. The solution was evaporated to dryness, and the residue 
was dissolved in chloroform and evaporated to dryness to give 934 mg 


’ NMR spectra were obtained using Bruker WP-80 and Varien A-60A instru- 
ments. IR spectra were obtained on a Beckman IR-20 spectrophotometer. All 
melting points are uncorrected. 


of 111 as a pale-yellow foam; IR (film): 3030,2915 (C-H), 1590 (C=N+<), 
1250 (C-N), 1580, 1450,750, and 700 (aromatic) cm-’; NMR (CDCl3): 
6 4.17 (s,4, HzC-4, H2C-5). 4.62 (s,4, H2C-phenyl), 7.37 (8 ,  10, C-phenyl), 
and 7.60-8.13 (m, 5, phenyl-C-2). 


T o  200 mg of 111 in 3 ml of methanol waa added 3 ml of 3 N NaOH, and 
the solution was heated at 40” for 1.5 hr. Extraction with chloroform 
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yielded 137 mg of IV as a colorless oil; IR (film): 3310 (N-H), 3050,3020, 
1600,750,700 (aromatic), 2910,2810 (C-H), and 1635 (C=O) cm-’; NMR 
(CDCln): 6 1.34 (s,1, N-H, exchangeable), 2.66-2.94 (m, 2, C-CHpNH), 
3.25-3.78 [m, 4, C-CH?N-C(-)-O and NH-CH2-phenyl1, 4.66 (s, 2, 
phenyl-CHs-N-C=O), and 7.13-7.50 (m, 15, aromatic). 


Benzoylation of Benzathine to Give IV-To 960 mg of I in 3 ml of 
chloroform and 0.5 ml of triethylamine was added dropwise 550 mg of 
henzoyl chloride in 1 ml of chloroform. After 1.5 hr a t  room temperature, 
the solution was added to 20 ml of water, brought to pH 11 with sodium 
hydroxide, and extracted with chloroform. Workup afforded 1.5 g of white 
solid. A portion of the crude product was chromatographed by prepara- 
tive TLC to yield 65 mg of IV. 
1,3-Dibenzyl-2-phenyltetrahydroimidazole (V)-Equimolar (0.02 


M )  amounts of I and benzaldehyde with 150 mg of p-toluenesulfonic acid 
in 100 ml of benzene were condensed over 3 hr to yield a white solid, 4.1 
g, mp 99-99.5’ (hexane) [lit. (5) mp 99”]. 


Oxidation of V to 11-To 1.235 g (3.76 mmoles) of V in 10 ml of ben- 
zene was added dropwise 956 mg (3.76 mmoles) of iodine in 100 ml of 
henzene. To the resulting solution was added, all a t  once, an equal aliquot 
of iodine in benzene. The solution was cooled, and the red solid, 2.8 g 
(90%), was collected. Recrystallization from methanol-acetone gave 
deep-red needles of 11, mp 163.5166“. 


RESULTS AND DISCUSSION 


The reaction of benzathine with iodine in methanol resulted in the 
isolation of one product; the NMR spectrum was consistent with Struc- 
ture 11. Further confirmation of Structure I1 was derived from the partial 
reduction of I1 to the iodide 111, which, under basic conditions, yielded 


the ring-opened benzoylbenzathine (IV), analogous to other imidazo- 
linium salts (6). 


Unambiguous confirmation of Structure I1 resulted from the iodine 
oxidation of the tetrahydroimidazole (V) to 11. 


Product I1 probably results from a reaction sequence beginning with 
oxidation of benzathine to give an imine, which then hydrolyzes to give 
the benzaldehyde (Scheme I). The benzaldehyde is free to condense with 
intact benzathine to give V, which oxidizes with excess iodine to 11. 


Therefore, this reaction sequence leads to erroneously low results in 
the CFR iodometric assay as presently described for penicillin V benza- 
thine. I t  also accounts for the fact that  interference by benzathine in the 
itdometric assay is dependent on pH since the initial oxidation requires 
a free amino function. 
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Abstract  0 The metabolic fate of 5-aminosalicylic acid (reported to be 
the active therapeutic moiety of sulfasalazine) was assessed in fasting 
rats as a function of dose (25-200 mg/kg) and administration route (oral, 
intraperitoneal, and intravenous). 5-Aminosalicylic acid is subject to both 
capacity-limited presystemic (apparently during first passage through 
the intestinal epithelium) and systemic acetylation. The pwibility exists 
that 5-aminosalicylic acid also is acetylated presystemically after oral 
sulfasalazine administration to patients with inflammatory bowel disease. 
Any alteration in the absorption rate of this active metabolite from the 
colon could affect the time course of local anti-inflammatory activity if 
N-acetyl-5-aminosalicylic acid is inactive or less active than 5-amino- 
salicylic acid. 


Keypbrases 0 5-Aminosalicylic acid-metabolism, gut wall, effect of 
dose and administration route Sulfasalazine metabolites-5-amino- 
salicylic acid, metabolism, gut wall, effect of dose and administration 
route Antibacterial agents-sulfasalazine, 5-aminosalicylic acid me- 
tabolite, metabolism, gut wall, effect of dose and administration route 
o Intestinal epithelium-metabolism, 5-aminosalicylic acid, effect of 
dose and administration route 


Sulfasalazine (salicylazosulfapyridine) is widely used 
for the treatment of ulcerative colitis and Crohn’s disease 
(I). After oral administration to rats and humans, the drug 
is almost completely metabolized in the colon and cecum 
by bacterial azo reductases. The metabolic products sul- 
fapyridine and 5-aminosalicylic acid are absorbed from the 


colon and are further metabolized to N4-acetylsulfapyri- 
dine, to the 0-glucuronide and 0-sulfate conjugates of 
5’-hydroxysulfapyridine and N4-acetyl-5’-hydroxysul- 
fapyridine, and to N-acetyl-5-aminosalicylic acid (2-6). 


Several investigators (3,5-8) suggested that sulfasala- 
zine itself may not be an active therapeutic agent but may 
serve only as a means of delivering its metabolic products, 
5-aminosalicylic acid (a possible anti-inflammatory agent) 
and sulfapyridine (an antibacterial agent), to the inflam- 
mation site in the colon where either or both of these agents 
exert the desired pharmacological effects. Recent studies 
in which sulfasalazine, 5-aminosalicylic acid, and sul- 
fapyridine were administered rectally to patients with 
ulcerative colitis (9) and idiopathic proctitis (10) suggest 
that 5-aminosalicylic acid is the active therapeutic moiety 
of sulfasalazine and acts topically on the inflammed mu- 
cosa. Although this finding requires confirmation in a 
larger patient population and does not explain the mode 
of action of 5-aminosalicylic acid, it may be relevant that 
sulfasalazine and 5-aminosalicylic acid are inhibitors of 
prostaglandin synthesis (10-13) and that patients with 
active ulcerative colitis have increased fecal levels and 
colonic venous blood levels of prostaglandins (13). Pros- 
taglandins are known to be involved in inflammation 
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Abstract 0 A nonsolvolytic (solid-state) acetylation of codeine phos- 
phate in the presence of aspirin to yield acetylcodeine phosphate is re- 
ported. GLC assays for the simultaneous determination of aspirin and 
salicylic acid and codeine and acetylcodeine are described. The apparent 
heat of activation for codeine phosphate is estimated, and the possible 
reaction mechanisms are discussed. 


Keyphrases 0 Codeine phosphate-acetylation by aspirin, solid dosage 
forms, GLC analysis of aspirin and salicylic acid, and codeine and ace- 
tylcodeine, pharmacokinetics 0 Aspirin-acetylation of codeine phos- 
phate in solid dosage forms, GLC analysis of aspirin and salicylic acid, 
and codeine and acetylcodeine, pharmacokinetics 0 Antitussive 
agents-codeine phosphate, acetylation by aspirin in solid dosage forms, 
pharmacokinetics Analgesics-aspirin, acetylation of codeine phos- 
phate in solid dosage forms, pharmacokinetics 


Solid-state acetylation of codeine (I) by aspirin to yield 
acetylcodeine (11) has been reported (1). Other workers 
investigated solid-state acetylation by aspirin on homa- 
tropine (2), acetaminophen (3), and phenylephrine hy- 
drochloride (4). Capsule and tablet formulations con- 
taining aspirin and codeine phosphate have yielded de- 
tectable amounts of acetylcodeine on aging. GLC analyses 
of aspirin and salicylic acid have been reported (5-13). 
Various silylation and methylation reagents have been 
employed in aspirin and salicylic acid determinations in 
biological fluids and pharmaceutical solid dosage forms. 
Although the GLC analysis of codeine and related alka- 
loids has been reported (14-16), there has been no report 
concerning the simultaneous detection and quantitation 
of acetylcodeine by GLC in formulations containing aspirin 
and codeine. This study describes the kinetics and possible 
mechanisms of the nonsolvolytic reactions and quantita- 
tion by GLC. 


EXPERIMENTAL 


Materials-Aspirin USP, a crystalline powder, was used as received 
(USP XIX assay: aspirin, 100.2%; salicylic acid, <0.1%. GLC purity: as- 
pirin, 99.90% salicylic acid, 0.1%). Codeine phosphate USP, a crystalline 
powder, also was used as received (USP XIX assay: 100.1%. GLC purity: 


100.0% with no detectable acetylcodeine). The two drugs were mixed 
(aspirin-codeine phosphate, 9 1  w/w) gently by hand in a glass mortar, 
transferred into a twin-shell dry blender, and mixed for 2 hr. The mixture 
was initially assayed by GLC with the following results: aspirin, 89.40%; 
codeine phosphate, 1O.oo/o; and salicylic acid, 0.1%. The water content was 
0.36%, as determined by the Karl Fischer titrimetric method. 


Kinetic Studies-About 300 mg of the mixture was transferred into 
preweighed glass ampuls, and the ampuls were then weighed again. The 
ampuls were flame sealed and stored at  60,70,80, and 90° in constant- 
temperature water baths (rtO.2'). Water baths were kept covered from 
light, and samples were periodically removed and assayed. Samples that 
were removed and not assayed the same day were stored at  5 O .  Because 
a eutectic forms after a period of time, the entire contents of the ampul 
were used for analysis to ensure no loss of material. 


Acetylcodeine Synthesis-About 400-500 mg of codeine phosphate, 
accurately weighed, was transferred into a 50-ml screw-capped test tube. 
Two milliliters of acetic anhydride and 0.5 ml of pyridine were added. 
The test tube was tightly capped and placed in a water bath maintained 
at SOo for 2 hr. Then it was placed in an ice bath for 10 min, following 
which 2 ml of water was added. Cautiously, stronger ammonia water was 
added dropwise until the mixture was distinctly alkaline. 


The test tube was replaced into the ice bath for -15 min with occasional 
shaking to complete acetylcodeine precipitation. About 10 ml of chlo- 
roform was added to the test tube, and the mixture was shaken vigorously 
for 2 min. The upper aqueous layer was removed by vacuum, the chlo- 
roform was washed with 2 X 5-ml portions of water, and the water was 
removed by vacuum. About 500 mg of anhydrous sodium sulfate was 
added to the test tube, which was shaken to remove residual water. 


The chloroform was decanted carefully through glass wool into a 
suitable evaporating dish. The test tube was rinsed with two additional 
10-ml portions of chloroform and passed through the glass wool into the 
same dish. Then the chloroform was evaporated carefully to near dryness 
on a steam bath under a nitrogen stream. The residue was air dried at  
room temperature for 2 hr and then dried in a vacuum oven at 60° for 4 
hr. The dry residue weight corresponded to a 96% yield of acetylco- 
deine. 


Anal.-Calc. for CmH23N04: C, 70.40; H, 6.80, N, 4.10. Found: C, 70.42; 
H, 6.78; N, 4.02. 


GLC Purity-The purity was 99.14% calculated by area percent: 
TLC Purity-One spot was observed at Rf 0.67 when the sample was 


chromatographed on precaated silica gel G plates' in chlaroform- 
methanol (10:l) and sprayed with Dragendorff's reagent. 


NMR and IR-NMR and IR were used to confirm the identity of 
acetylcodeine. 


High-pressure Liquid Chromatography (HPLC)-Acetylcodeine 
phosphate and codeine phosphate were separated by isocratic re- 
versed-phase HPLC using a literature method (17). The mobile phase 
was 0.1 M NaH2P04 in 25% acetonitrile-water. The retention times for 
codeine phosphate and acetylcodeine phosphate were 6 and 16 min, re- 
spectively. Codeine was not detected in the synthesized acetylcodeine. 


Isolation and Identification of Reaction Product-Acetylcodeine 
was characterized in the degraded samples of codeine phosphate and 
aspirin by fractionating the mixture using preparative TLC. The sepa- 


I1 I Analtech, Newark, Del. 
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MINUTES 
Figure 1-Gas chromatogram of the trimethytsilyl derivatives of sali- 
cylic acid (A), aspirin (R) ,  and the internal standard propylparaben 
(0. 


rated degradation spot was scraped from the plate and extracted with 
chloroform. The chloroform was evaporated to dryness, and the residue 
was subjected to a comparative IR analysis with synthesized acetylco- 
deine. The spectra were identical. This finding confirmed the presence 
of acetylcodeine in the degraded mixture of codeine phosphate and as- 
pirin as reported previously (1). 


Simultaneous GLC Analysis of Aspirin and Salicylic Acid-ln- 
strumentation-A gas chromatograph* and an electronic integrator3 
equipped with a flame-ionization detector and a glass column [1.8 m (6 
ft) X 2 mm i.d., packed with 3% phenyl methyl silicone' on 100-120-mesh 
silanized diatomaceous earth5] were used. The operating temperatures 
were: column, 120O; detector, 225"; and injection port, 225'. Nitrogen, 
with a flow rate of 35 mllmin, was the carrier gas. The injection volume 
was 2.0 pl. 


Internal Standard Preparation-About 500 mg of propylparaben 
USP was diluted to 100 ml with chloroform and mixed. 


Aspirin Standard Preparation-About 60-65 mg of aspirin USP 
reference standard, accurately weighed, was transferred into a 25-ml 
volumetric flask, diluted to volume with chloroform, and mixed. Once 
prepared, the aspirin standard was derivatized within 2 hr. The tri- 
methylsilyl derivative was stable for 48 hr in an airtight container. 


Salicylic Acid Standard Preparation-About 35 mg of salicylic acid 
USP reference standard, accurately weighed, was transferred into a 25-ml 
volumetric flask, diluted to volume with chloroform, and mixed. 


Sample Preparation-The entire contents of the ampul were quan- 
titatively transferred into a 100-ml volumetric flask, diluted to volume 
with chloroform, and mixed. Aged samples that were slightly turbid in 
chloroform were not filtered prior to derivatization. Sample preparations 
were derivatized within 2 hr. 


Procedure-A 2.0-ml aliquot of the sample preparation was transferred 


Hewlett-Packard 7620A. 
Hewlett-Packard 3370A. 


Gas Chrom Q, Applied Science Laboratories, State College, Pa. 
' OV-17, Analabs, Northhaven, Conn. 
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MINUTES 
Figure 2-Gas chromatogram of the internal standard methaqualone 
(A) ,  codeine (B) ,  and acetylcodeine (C). 


into a suitable reaction vial. A 2.0-ml aliquot of the aspirin standard 
preparatiqn and a 1.0-ml aliquot of the salicylic acid standard preparation 
were combined in a second reaction vial. A 1.0-ml aliquot of the internal 
standard preparation was transferred into each of the sample and stan- 
dard~vials. All vials were derivatized with 200 pl of N,O-bis(trimeth- 
ylsilyl)acetamide6. 


The vials were capped and shaken for 1 min and then were allowed to 
stand at room temperature for at least 1 hr for complete derivatization. 
The peak area ratios of the trimethylsilyl derivatives were determined, 
and the percentages of aspirin and salicylic acid were calculated in the 
samples. The retention times for salicylic acid, aspirin, and the propyl- 
paraben trimethylsilyl derivatives were 6.0,10.2, and 16 min, respectively 
(Fig. 1). At the end of each day's run, the column temperature was raised 
to 250° to elute codeine and acetylcodeine, which do not elute under the 
conditions for analysis of salicylic acid and aspirin. 


Simultaneous GLC Analysis of Codeine Phosphate and Acetyl- 
codeine Phosphate-Instrumentation-The instrumentation was the 
same as described earlier, except that a glass column [1.2 m (4 ft) X 4 mm 
i.d., packed with 3.8% methyl vinyl silicone gum rubber7 on 80-100-mesh 
silanized diatomaceous earths] was used. The operating temperatures 
were: column, 230'; detector, 250'; and injection port, 250O. Nitrogen, 
with a flow rate of 45 ml/min, was the carrier gas. The injection volume 
was 2.0 pl. 


Internal Standard Preparation-About 80 mg of methaqualone NF 
was diluted to 100 ml with chloroform and mixed. 


Codeine Phosphate Standard Preparation-About 30 mg of codeine 
phosphate, accurately weighed, was transferred into a 125-ml separator 
containing 30 ml of chloroform, 20 ml of water, and 2 ml of stronger am- 
monia solution. The separator was shaken for 1 min, and the lower 
chloroform layer containing the codeine base was transferred through 
glass wool into a 100-ml volumetric flask. The extraction was repeated 
with two additional 30-ml portions of chloroform, and the contents were 
diluted to volume and mixed. 


Pierce Chemical Co., Rockford, Ill. 


Chromosorb W-H.P., Celite Division, Johns Manville. 
' UC-W98, Analabs, Northhaven, Conn. 
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Table I-Assay Data for Kinetic Mixtures. 


Codeine 
Codeine Phosphateb Aspirin, AspirinP 


Temperature Hours Phosphate, 96 Degraded, % % Degraded, % 
~ ~~ 


900 504 
80° 747 
70° 842 
60' 4000 


<0.5 
<0.5 
<0.5 
<0.5 


58.2 
51.7 
50.1 
50.5 


67.2 6.4 
80.0 6.3 
87.0 6.8 
82.5 6.9 


0 All percentages are expressed as a percent of the theoretical amount of aspirin and codeine phosphate in the initial mixture. Percent codeine phosphate degraded 
to acetylcodeine phosphate. Percent aspirin degraded to salicylic acid. 


Aeet.ylcodeine Standard Preparation-About 'LO mg of acetylcodeine, 
accurately weighed, was transferred into a 100-ml volumetric flask, di- 
luted to volume with chloroform, and mixed. 


Sample Preparation-The contents of each ampul were quantitatively 
transferred into a 100-ml volumetric flask with chloroform, diluted to 
volume, and mixed. 


Procedure-A 10.0-ml aliquot of the sample preparation was trans- 
ferred into a 125-ml separator containing 20 ml of water and 2 ml of 
stronger ammonia solution. The separator was shaken for 1 min, and the 
lower chloroform layer was filtered through glass wool and collected in 
a beaker containing 3.0 ml of the internal standard preparation. The 
extraction was repeated with two additional 15-ml portions of chloro- 
form. 


The standard was prepared by transferring and combining 10.0-ml 
aliquots each of the codeine and acetylcodeine standard preparations into 
a beaker containing 3.0 ml of the internal standard preparation. Both the 
sample and standard beakers were placed on a steam bath, and the vol- 
ume was reduced to 2-3 ml with a nitrogen &ream. The peak area ratios 
were determined, and the percentages of codeine phosphate and acet- 
ylcodeine phosphate were calculated in the samples. The retention times 
for methaqualone, codeine, and acetylcodeine were 5.8,10.4, and 15.0 min, 
respectively (Fig. 2). 


RESULTS AND DISCUSSION 


Linearity and Precision-The response linearity of the described 


CLC methods was suitable for the entire assay range. The precision, on 
multiple injections, was f0.42% for the codeine-acetylcodeine procedure 
and f0.50% for the aspirin-salicylic acid procedure. 


Codeine Phosphate Disappearance-The evaluation of such a 
complex system did not lend itself to a detailed kinetic analysis. Table 
I shows the percentages of codeine phosphate degraded to acetylcodeine 
phosphate and of aspirin degraded to salicylic acid when the codeine 
phosphate remaining was <0.5% at  various temperatures. From the ki- 
netic plots shown in Figs. 3 and 4, the correlation coefficients at 60,70, 
80, and 90' were 0.998,0.998,0.998, and 0.998, respectively. 


The kinetics of codeine phosphate disappearance were pseudo-first 
order after an initial lag time. The lag time was attributed to a delay in 
aspirin hydrolysis to salicylic acid. This delay was more evident a t  60 than 
at  90°. The reaction rate constants and half-lives for codeine phosphate 
disappearance are given in Table 11. An Arrhenius plot (Fig. 5) yielded 
an activation energy of 35.8 kcal/mole. A composite representation of 
codeine phosphate degradation to acetylcodeine phosphate a t  various 
temperatures is given in Fig. 6. Since -50-58% of the original codeine 
phosphate degraded to acetykodeine phosphate, other degradation 
pathways were apparent. 


TLC examination of the degraded samples, after spraying with Dra- 
gendorff's reagent, showed two or three other distinct spots of nitro- 
gen-containing compounds. This finding indicated possible thermal 
decomposition of the codeine phosphate, Hoffman degradation, or 
acid-iatalyzed rearrangements of the side chain and cleavage of the oxide 
bridge. The complex chemistry and mechanisms of these reactions were 
discussed by Manske and Holmes (18). 


Acetylcodeine Appearance-Since acetic acid is necessary for 
acetylcodeine formation, aspirin hydrolysis must occur before any 


HOURS HOURS (lo2) 
Figure 3-Disappearancp of codeine phosphate at 80 and 90O. Figure 4-Disappearance of codeine phosphate at 60 and 70". 
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Table 11-Reaction Rate Constants and Half-Lives for  Codeine 
Phosphate Disappearance 


Reaction Rate Half-Life, 
Temperature Constant, hr-1 hr 


90' 0.090040 7.7 
8oo 0.019810 35 
70' 0.003962 175 
60' 0.001020 680 


acetylcodeine is detected. The rate of acetylcodeine phosphate formation 
followed no specific order, and the kinetics were'of some complex order 
not directly related to codeine phosphate disappearance. 


Salicylic Acid Appearance-Aspirin degradation to salicylic acid 
levels off to 6-7% at all temperatures. However, the theoretical amount 
of salicylic acid formation should be 4.00/0, calculated from the 0.36% water 
content in the mixture. Additional water is generated from the following 
reactions: 


1. One molecule of water is generated from each molecule of codeine 
phosphate acetylated by aspirin. 


2. Acid-catalyzed rearrangement of the side chain of the codeine 
phosphate produces one molecule of water for each molecule of codeine 
phosphate undergoing decomposition. 


3. Cleavage of the oxide bridge in the codeine phosphate degradation 
produces additional water. 


4. One molecule of water is generated in the reaction of two molecules 
of aspirin to form acetylsalicylic acid anhydride. 


5. Acetic anhydride may be generated from acetic acid, resulting in 
one molecule of water for each molecule of acetic anhydride formed. 


The calculated amount of additional water required to produce the 
6-7% level of salicylic acid formation is 0.81 mg/300 mg of mixture. From 
the acetylation reaction, 0.66 mg of water was generated a t  all tempera- 
tures based on the average of 50% degradation of codeine phosphate to 
acetylcodeine phosphate. This amount accounts for -80% of the addi- 
tional water required. The other reactions listed, occurring concomitantly, 
would easily account for the additional water required to justify the 6 7 %  
salicylic acid formation. The rate of salicylic acid formation in this study 


-1.2 


-1.4. 


-1.6 


-1 .8* 


.y 


3 -2*o* 


-2.2. 


-2.4' 


-2.6, 


-2.8. 


-3.0 


l lTX lo3  
Figure 5-Arrhenius plot for codeine phosphate disappearance. 
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Figure 6-Composite representation of codeine phosphate degradation 
to acetylcodeine phosphate under varying temperature conditions. Key: 
0, codeine phosphate remaining; and 0 ,  codeine phosphate degraded 
to acetylcodeine phosphate. 


did not follow any specific kinetic order because of the complex reactions 
involved. 


Aspirin Disappearance-Aspirin continued to degrade slowly even 
after salicylic acid formation leveled off. Aspirin degradation may also 
include the formation of acetylsalicylsalicylic acid and acetylsalicylic 
anhydride (19,20). Positive identification of these species was not made, 
hut their formation cannot be excluded since the limited amount of water 
in the mixture prevents total hydrolysis of aspirin to salicylic acid. 


SUMMARY 


Pharmaceutical sohd dosage forms containing aspirin in combination 
with codeine phosphate and other drug species are subject to nonsolvo- 
lytic acetylation by aspirin even a t  a low moisture level. Acid-base titri- 
metric methods for the analysis of codeine in combination with aspirin 
in pharmaceutical dosage forms cannot detect acetylcodeine formation. 
This study demonstrates the reactivity of aspirin; the drug acetylated 
50-5890 of the codeine phosphate in the experimental mixture. 


Acetylation of a drug substance by aspirin may alter a drug's physio- 
logical activity or toxicity. However, for acetylcodeine, the physiological 
activity is reported to be about the same as codeine (21). The extensive 
use of aspirin in pharmaceutical solid dosage forms in combination with 
alkaloids, antihistamines, and other analgesics requires stability-specific 
methods of analysis to ascertain the molecular transformations of non- 
solvolytic reactions. 
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Abstract Acid neutralization by mixtures of aluminum hydroxycar- 
honate gel and magnesium hydroxide gel differs from the sum of the acid 
neutralization of each gel. Acid neutralization by magnesium hydroxide 
gel in the mixture is not observed until after a substantial portion of the 
aluminum hydroxycarbonate gel has reacted with acid, even though 
magnesium hydroxide gel is the faster reacting of the two gels. It is hy- 
pothesized that amorphous aluminum hydroxycarbonate forms a coating 
on the crystalline magnesium hydroxide particles due to electrostatic 
attraction. This coating prevents protons from .reaching the highly re- 
active magnesium hydroxide until the coating is dissolved by the acid 
neutralization of‘ aluminum hydroxycarhonate. 


Keyphrases Aluminum hydroxycarbonate gel-acid neutralization, 
effect of interaction with magnesium hydroxide gel 0 Magnesium hy- 
droxide gel-acid neutralization, effect of interaction with aluminum 
hydroxycarhonate gel Antacid-aluminum hydroxycarbonate, 
magnesium hydroxide, effect of interaction on acid neutralization 


Aluminum hydroxycarbonate gel (1) and magnesium 
hydroxide gel are formulated in combination in many 
antacid products. Aluminum hydroxycarbonate gel ex- 
hibits antacid activity only when amorphous. With aging, 
order develops in the amorphous structure, which reduces 
the acid reactivity and ultimately leads to the formation 
of an inactive crystalline state (2,3). 


A chemical property of aluminum hydroxycarbonate gel 
that makes it useful as an antacid is its ability to maintain 
pH 3.5-4.0 while reacting with acid (4). Aluminum hy- 
droxycarbonate is not systemically absorbed and, aside 
from causing constipation, is free of side effects (5).  


BACKGROUND 


The solid phase of magnesium hydroxide gel has a crystalline structure 
known mineralogically as brucite. However, in contrast to the behavior 
of crystalline aluminum hydroxide, the crystalline magnesium hydroxide 
gel rapidly reacts with acid (6). Due to its well-ordered crystal structure, 
it exhihits excellent stability. 


Magnesium hydroxide gel reacts with acid a t  a constant pH of 8.0-8.5. 
This pH is not as desirahle as the one maintained during acid neutral- 
ization by aluminum hydroxycarbonate gel and, therefore, magnesium 
hydroxide gel is not frequently used as an antacid. In addition, magne- 
sium ion produced during acid neutralization may be systemically ah- 
sorbed, so a warning to patients with kidney disease is required (5 ) .  
Magnesium ion also causes a cathartic eff‘ect, which balances the action 
(it’ aluminum hydroxide gel on the intestine and provides the rationale 
for combining aluminum hydroxycarbonate gel and magnesium hy- 
droxide gel in antacid products. 


The addition of less than stoichiometric amounts of acid does not lower 
the pH of magnesium hydroxide gel below 8. However, a mixture of alu- 
minum hydroxycarbonate gel-magnesium hydroxide gel drops to -pH 
4 after the addition of a relatively small amount of acid. Furthermore, 
it remains a t  -pH 4 even when more acid is added (7). This behavior 
suggests an interaction between the amorphous aluminum hydroxycar- 
bonate and the crystalline magnesium hydroxide gels. The investigation 
was undertaken to study this interaction, with emphasis 011 its effect on 
acid neutralization. 


EXPERIMENTAL 


Materials-Aluminum hydroxycarbonate gel containing the equiv- 
alent of 4% A1203 was prepared by the reaction of aluminum chloride, 
sodium bicarbonate, and sodium carbonate to a final pH of 6.5 (8). 


Magnesium hydroxide gel’ was obtained commercially, and a gel 
containing the equivalent of 7% MgO was prepared by dilution. 


All chemicals were either official or reagent grade. 
Preparation of Gel Mixtures-Mixtures of‘ aluminum hydroxycar- 


honate gel and magnesium hydroxide gel containing 0.6 mmole of metal 
ion/g were prepared on a weight basis. For example, a 200-g mixture with 
a 5:l molar ratio of magnesium to aluminum was prepared by weighing 
magnesium hydroxide gel, and aluminum hydroxycarbonate gel con- 
taining 100 mmoles of magnesium and 20 mmoles of aluminum, respec- 
tively. The final weight of the mixture was adjusted to 200 g with dou- 
ble-distilled water, and the mixture was stirred mechanically until uni- 
form. 


Analytical Procedures-The aluminum and magnesium contents 
of the mixtures were determined by chelatometric titration (9). 


The acid-neutralization reaction was monitored by an automated2 
pH-stat titration (10). For a typical pH-stat titration, 20 ml of douhle- 
distilled water was added to the reaction flask and brought to pH 3.0. An 
accurately weighed gel mixture sample, which would theoretically neu- 
tralize 2.25 meq of acid, was added; the recorder was started simulta- 
neously. The cumulative amount of acid needed to  maintain pH 3.0 was 
recorded as a function of time. 


Atomic absorption spectrophotometry was employed to determine the 
concentrations of aluminum and magnesium ions in solution during acid 
neutralization. The pH-stat titration was halted a t  various times, the 
reaction medium was filtered quickly through a 0.22-pm filter, and the 
filtrate was analyzed for aluminum and magnesium. 


RESULTS 


Characteristic pH-stat titrigrams of aluminum hydroxycarbonate gel 


Kerkhof et al. (10) characterized the pH-stat titrigram of an aluminum 
and magnesium hydroxide gel are shown in Fig. 1. 


I HydroMagma. Merck & Co., Rahway, N.J. * PHM 26, TTT 11, ABU 12 (2.5 ml), T T A  8, SBR 2, Radiometer, Copenhagen, 
Denmark. 
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Cyclophosphamide in Raw Material and Parenteral 
Dosage Forms 
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Abstract  0 A simple, specific, high-performance liquid chromatographic 
method is described for the  assay of cyclophosphamide as  the  raw ma- 
terial and in parenteral dosage forms. T h e  assay involves dilution, ad- 
dition of an internal standard (methyl 4-aminobenzoate), injection onto 
a reversed-phase CIR column, and quantitation with a UV detector a t  200 
nm. Sensitivity is -40 pg/ml. Decomposition products elute a t  the  void 
volume and do not interfere. 


Keyphrases  0 Cyclophosphamide--- analysis, high-performance liquid 
chromatography, raw material, parenteral dosage forms Antineoplastic 
agents-cyclophosphamide, high-performance liquid chromatographic 
analysis, raw material, parenteral dosage forms High-performance 
liquid chromatography--analysis, cycloI,h~,sphamide, raw material, 
parenteral dosage forms 


Cyclophosphamide’, N,N-bis(2-chloroethyl)tetrahy- 
dro-2H-1,3,2-oxazaphosphorin-2-amine 2-oxide (I), is a 
commonly used antineoplastic drug. Initially, colorimetric 
( I ) ,  titrimetric (2)s ) )  and IR (4) assays were utilized for I 
dosage forms, but these methods lacked specificity. 


HACKC ROU N D  


A GLC assay for 1 dosage forms was developed ( 5 )  and later adapted 
by the USP (6). This  method was used suhsequently to study drug s ta-  
bility in parenteral solutions (7). However, during GLC, the underivatized 
I partially decomposed on the column, an occurrence reported by others 
(8, 9) .  These decomposition peaks were summed with the  cyclophos- 
phamide peak in the assay. 


T h e  major CLC decomptrsition product, a dehydrohalogenated com- 
pound, also has been proposed as  an intermediate in the aqueous hy- 
drolysis of I (10, 1 1 ) .  ‘I‘heret’ore, in the analysis o f  I in aqueous solutions, 
the USP method might not differentiate the dehydrohalogeiiated product 
formed by aqueous hydrolysis from that  formed hy GI,C degradation. 
Thus,  the  value of this method is limited, especidly in the  analysis of’ 
parenteral solutions. 


More recently, 1 has been assayed in hiolo&al fluids hy methods that  
are  sensitive and specific but  time consuming. In several methods, the 
drug is incompletely hut  quantitatively extracted, and the subsequently 
produced trifluoroacetyl derivative is analyzed hy a gas-liquid rhroma- 
tograph equipped with either a Ilame-ionization o r  an elect ron-capture 
detector (12) or by a chemical-ionizatirm mass spectrometer (8 ,  13). A 
’I’LC procedure (14) suffers from the additional prohlems inherent in that  
technique. 


Compound I also has been assayed in biological samples using a gas 
liquid chromatograph equipped with a nitrogen-phosl)horus selective 
detector (15). Again, an extraction was necessary; hut  even though the 
drug was underivatized, nit mention was made o f  the on-column dr- 
composition products. 


Recently, the Food and Drug Administration proposed the compati- 
bility testing of small-volume parenteral drugs, including I,  in large- 
volume parenteral solutions packaged in plastic containers (16). This  
notice2 requires rapid and specific assay methods. 


T h e  goal of this study was to  develop a n  assay for I in intravenous so- 
lutions tha t  is stability indicating and sufficiently brief to  allow the 
analysis of 4(1 samples/8 hr. The  reported method meets this goal hut  is 
not sensitive enough for biological samples. I t  involves the addition of 
a n  internal standard, methyl 4-aminohenzoate (11). to an aliquot o f  the  
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intravenous solution admixture and subsequent analysis by a high-per- 
I’ormance liquid chromatograph equipped with a variahle UV detector 
set a t  200 nm. This  technique was also used to assay the raw material and 
cyclophosphamide for injection. 


E X P E R I M E N T A L  


Equipment-The microprocessor-controlled high -performance liquid 
chromatograph was equipped with a variable-volume injector?, a vari- 
able-wavelength detector4, and a 250-mm X 3.2-mm i.d. reversed-phase 
Clx column5. T h e  U V  spectrum of I in a 45% methanol solution was ob- 
tained6 using 1-cm quartz cells. 


Compounds a n d  Reagents-Methanol7 was filtered through a 1 - p m  
filter*. Distilled water was passed through a deionization apparatusg and  
a 0.8-pm filterlo. Compounds 1” and I l l 2  and intravenous solutions13 were 
used a s  received. 


I n t e r n a l  S t a n d a r d  S tock  Solution-A solution of 11,100 mg/S00 ml 
of water, was prepared accurately with a sonicator. 


Calibration-Calibration solutions were prepared in water to contain 
concentrations of 1 and I1  t h a t  were similar to  the  concentrations in the  
appropriate sample solutions. T h e  calibration solution for the raw ma- 
terial and for cyclophosphamide for injection contained 4.4 mg of I/ml 
and 0.04 mg of ll/ml. Fifty-microliter aliquots were injected in triplicate 
t o  calibrate the  microprocessor. 


T h e  calihration solution for the intravenous solution admixture con- 
tained 0.44 mg of I/ml and 0.004 mg of Wml.  Aliquots (200 pl) were in- 
jected in triplicate to calibrate the  microprocessor. 


S a m p l e  Preparat ion--Raw Material-About 110 mg of the  raw 
material, accurately weighed, and 5.0 ml of the  internal standard stock 
solution were diluted to  25.0 ml with water. A 50-pl aliquot was injected 
into the appropriately calihrated chromatograph. 


Cyclophosphamide for lnjection (500 mg)-Water, 2.5.0 ml, was added 
to dissolve the powder. Exactly 10 ml of this solution and 10.0 ml of t h e  
internal s tandard stock solution were diluted to 50.0 ml with water. A 
50-pI aliquot was injected into t h e  appropriately calibrated chromato- 
graph. 


Intrauenous Solution Admixture (500 mg of IILitw-Exactly 20 ml 
of the sample intravenous solution admixture and 3.0 ml of a 0.15 dilution 


T a b l e  I-Cyclophosphamide for Inject ion,  500-mg Vial 


Mean 
Actual“ Experimental hlea t i  


Amount, Amount, I’ercen t 
mg n mg Itecovery ( ’ V ,  o/r 


441.9 437.1 98.9 0.2  
.i 497.5 loo.:{ 0.4 
) 545.0 100.8 0.8 


496.0 
S40.7 


Amounts expressed oil an anhydrous hasis. Quantities represent YO, 1110, and 
1 10% 01‘ Ialiel. 


Model IOMA, Hewlett -I’ackard, Avondale. I’a. 
4 SF770 Spectroflow. Schoellel, W e s t w i ~ ~ I ,  N.J. 


I.ichrosor0 CIH, 1 0  pm. Altex, Htvkeley, Calif. 
6 Acta !v!I\’. Ihsckman, F d l ~ r t o n ,  (’dil. 


HPIL’ grade, Fisher. Fair I.awn. N.J. 
tZAI.1’ 0471Itl, Millipore. Hzdforil, M i s s .  


9 Eianqx~re, Uarnstead, lhst(in,  Mass. 
1‘) AAW1’04700, Millipore, Hedford, Mass. 
1 I The ;iuthiirs are grateful tii the Mead .Iohnron Hesear1.h (‘mter l o r  the g i l t  id 


cyc.lophosphamide monohydrate. which was used in sample prepariitions. I JSI’ 
rzlercnce standard ~yrl~iph~rsphirmi(1e ini)n~ihydrate wiis used l o r  standard prep- 
iiriilions. 


12 I h t m a n ,  Hochehter, N.Y.  
I:! MrGaw I,ah~iratorie\, lrvine, C;iliC. 
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Tab le  11-Cyclophosphamide Intravenous Solution Admixtures 


Mean 
Experimental Mean 


Intravenous Concentrationa, Concentration, Percent 
n cv, 90 Solution mg/liter mg/liter Recovery 


5% Dextrose in$ecti!n USP 5 475.8 485.2 102.0 0.7 
Sodium chlori e injection USP 5 474.9 479.2 100.9 1 .o 
Lactated Ringer's injection USP 5 474.9 482.8 101.7 1.6 
5% Dextrose in 0.9% sodium chloride USP 5 474.9 482.2 101.5 1.2 
5% Dextrose in lactated Ringer's injection 4 480.5 488.5 101.7 1.4 


0 Concentrations expressed on an anhydrous basis. 


of the internal standard stock solution were mixed, and a 200-4 aliquot 
was injected into the appropriately calibrated chromatograph. 


High-Performance Liquid Chromatographic (HPLC) Condi- 
tions-The methanol and water were pumped from separate pumps to 
achieve a mobile phase of 45% (v/v) methanol a t  a flow rate of 1.0 ml/min. 
The oven temperature was maintained at 30'. The detector was set at 
200 nm; the detector and microprocessor sensitivity was 0.1 aulcm. 


Calculations-The microprocessor, operating in the internal stan- 
dardization mode, automatically calculated the results, CI, in terms of 
percent purity (raw material), milligrams of I per vialI4 (cyclophos- 
phamide for injection), or milligrams of I per literI4 (intravenous solution 
admixture). The general equation applied was: 


(Eq. 1) 


where R I  is the concentration of I (hydrous basis) in the calibration so- 
lution divided by the area counts of peak I in the calibration graph: RII 
is the concentration of I1 in the calibration solution divided by the area 
counts of peak I1 in the calibration graph; A1 is the area counts of peak 
I in the sample graph; AII  is the area counts of peak I1 in the sample graph; 
CII is the concentration of I1 in the sample solution injected into the 
chromatograph; D is the dilution factor, which is 25 for the raw material, 
125 for the vial, and 1.15 for the intravenous solution admixture; and F 
is the factor that converts to the anhydrous basis ( F  = 1 for the raw ma- 
terial and 0.936 for the other dosage forms). 


Interference Study-To study the potential interference from deg- 
radation products, a 1% solution of I in water was heated to 83O. Aliquots 


I 


were withdrawn at about 15-min intervals up to 4 hr and injected without 
the addition of an  internal standard. 


RESULTS AND DISCUSSION 


UV Spectrum-A solution of I in 45% methanol, 7.1 mg/25 ml, had 
a A,,, of 198 nm (c = 464). 


Interference Study-Selected chromatograms of the interference 
study are shown in Fig. 1. Once the temperature of 83' was reached, peak 
I decreased logarithmically with time, indicating first-order kinetics as 
previously reported (7). The peak a t  the void volume, representing the 
decomposition product(s), continually increased. No peaks eluted at the 
retention time of the internal standard. Therefore, it was concluded that 
decomposition products do not interfere. 


The UV spectrum of the final reaction mixture exhibited a A,, of 198 
nm, the same maximum as for I. 


Assays-The retention times of I and I1 were -5.1 and -3.3 min, re- 
spectively. 


Two lots of raw material were assayed in quintuplicate against a USP 
reference standard. Lot 1 had a purity of 99.4% with a coefficient of 
variation (CV)  of 0.7%; Lot 2 had a purity of 98.6% with a CV of 0.5% (Fig. 
2A). 


Simulated vials of cyclophosphamide for injection containing 90, 100, 
and 110% of the label amount of I were prepared by mixing I of known 
purity with sodium chloride. Each sample was assayed five times. HPLC 
recoveries of 98.9-1OO.8% and Cv's of less than 1% were achieved (Table 
I). The chromatogram (Fig. 2B) is similar to that  of the raw material. 
Separations were baseline. The calculated performance parameters for 
peak I were: N = 1850, k' = 2.6, and the asymmetry factor (17) at 10% of 
peak height = 2.8. The resolution was 4.6. 


Admixtures were prepared by adding simulated vials of cyclophos- 
phamide for injection to five different intravenous solutions a t  known 
concentrations of -0.5 mg of Vml. Each admixture was assayed four or 
five times. Mean recoveries ranged from 100.9 to 102.0% with CV's of 


11111 
4 8 
-- 


4 8 4 8 
MINUTES 


Figure 1-Chromatograms of cyclophosphamide dpgradation. Key:  u u 
A,  zero time; R, 2 hr; and C ,  3 . 5  hr. 4 8 4 8 


MINUTES 
Figure %-~hr(i~atoJgrLIms of cyclophosphamide. Key: A, raw material; 
and H,  cyclophosphamide for injection. ' 4  Concentration of I expressed on an anhydrous basis. 
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Figure 3-Chromatograms of selected cyclophosphamide intrauenous 
solution admixtures. Key: A, 5% dextrose injection; and R, 5% dextrose 
in lactated Ringer’s injection. 


0.7-1.6’70 (Table 11). In all admixtures, baseline separations were achieved. 
Chromatograms of selected admixtures are illustrated in Fig. 3. Peaks 
a t  the void volume are intravenous solution components and decompo- 
sition product(s), if present. The negative peaks in Fig. 3A represent the 
water used as the sample diluent. The minimum concentration that can 
be quantitated is -0.2 mg/ml, and the detection limit is -40 pg/ml (three 
times noise). This sensitivity is sufficient for parenteral solutions. 


For all three sample types, blank solutions were prepared containing 
all appropriate ingredients (without I). In all cases, the chromatograms 


exhibited no peaks eluting after the peak due to the water used as the 
sample diluent. 


In summary, the reported method is precise, accurate, specific, ex- 
tremely brief, and applicable to dosage forms of I. It is particularly suited 
to the analysis of I in large-volume parenteral solutions. 
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tantly, there is insufficient methotrexate entering the cell to saturate all 
the dihydrofolate reductase present and, therefore, little free metho- 
trexate exists inside the cell a t  any time. I t  has been demonstrated (24, 
251, however, that the persistence of the free intracellular methotrexate 
accounts for its cytotoxic action. Thus, through model simulations, the 
measured concentrations in tumors are shown to consist almost entirely 
of extracellular and bound intracellular concentrations in various pro- 
portions, depending on the time and the dose. Since the transport rate 
has already reached i t s  maximal value at this high dose (Fig. 6). a further 
increase in the dose would only shift the extracellular curve and, corre- 
spondingly, the tissue average curve upwards without a large concomitant 
increase in the intracellular concentration during the first 2-3 hr. The 
transport rate would be near the maximum level, only dropping a t  a later 
time. 


These predictions will be altered, however, if a passive process plays 
an increasingly significant role as the dose is increased further. This role 
is still largely unknown at the present time. Nevertheless, what happens 
a t  even higher doses is probably of theoretical interest only. In practice, 
there is a limit to which the dose can be further increased; the LDso of 
the drug in mice is 350 mg/kg (26). 
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Abstract Studies utilizing the in uitro everted rat jejunum were per- 
formed to investigate the effects of proadifen pretreatment and fasting 
on active and passive intestinal transfer of3-0-methylglucose. Animals 
were pretreated 24 hr prior to the experiments with 100 mg of proadi- 
fen/kg ip. With mucosal concentrat ions of 0.1 mM :3-O-methylglucose 
and 14C-3-O-methylglucose, transfer to the sugar-free serosal buffer after 
pretreatment with proadifen was 50% greater than controls after a 24-hr 
fast and 120% greater than controls after a 48-hr fast. Everted intestinal 
segments obtained from unfasted rontrol animals showed diminished 
ability to transfer the sugar derivative, with transfer rates approximately 
50% less than those of segments obtained from 24-hr fasted control ani- 


mals. Wet and dry tissue weights for 24- and 48 hr-fasted groups increased 
following proadifen pretreatment. The results suggest that proadifen 
enhances 3-0-methylglucose transport across the rat jejunum and also 
increases intestinal tissue weight. 


Keyphrases 0 Enzyme induction-effect of proadifen on intestinal 
methylglucose transport, rats, fasting 0 Enzyme inhihition-effect of 
proadifen on intestinal methylglucose transport, rats, fasting Meth- 
ylglucose-effect of proadifen on intestinal transport, rats, fasting 
Proadifen--effect on intestinal met hylglucose transport, rats, fasting 


Several monosaccharides, amino acids, vitamins, and 
clinically employed drugs are absorbed from the intestinal 
lumen by carrier-mediated processes. A 3-0-methyl de- 
rivative of d-glucose has been shown to be absorbed across 
the mucosal epithelia by an active transport mechanism 


(1,2). Since this derivative is not utilized by animal tissue 
(11, as is d-glucose, it is a useful agent for specific exami- 
nation of active sugar transport by intestinal tissue. 


Chemical agents capable of altering cell metabolism 
influence active absorption processes in the intestine (3-8). 
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Dicumarol in mucosal solutions inhibited galactose active 
uptake by the rat  small intestine (3). Cardiac glycosides 
such as strophantidin (4) and ouabain ( 5 )  reduced active 
sugar absorption, possibly due to influence on Na+-K+ 
ATPase, an apparently important component of the 
translocation mechanism. On the other hand, pretreat- 
ment of rats with parathion, a widely used insecticide, el- 
evated intestinal glucose transport, as shown by increases 
in serosal-mucosal gradients (6). Subcutaneous pheno- 
barbital in rats increased active bile salt ileal absorption 
(7) and enhanced the ability of duodenal tissue to take up 
""e-iron sulfate (8). 


Previous studies demonstrated that 24-hr pretreatment 
of rats with 100 mg of proadifedkg ip increased intestinal 
transport capabilities for 3-0-methylglucose (2). Pheno- 
barbital and 3,4-benzo[a]pyrene treatment schedules had 
no significant influence on 3-0-methylglucose transport. 
In addition, proadifen possessed spasmolytic activity on 
the small intestine since 24-hr fasting periods prior to the 
experiments were insufficient to  render the lumen free of 
food and fecal materials. 


The,present investigation was undertaken to distinguish 
the nonfasting effects on active 3-0-methylglucose ab- 
sorption from the proadifen pretreatment effects. 


E X P E R I M E N T A L  
Animals  a n d  Treatment-Male Sprague-Dawley rats1, 176-255 g, 


wcrc maintained on regular rat chow and water ad l i b i tum.  Prior to 
preparation of in  Litro everted sacs, the  rats were fasted for 24 or 48 hr, 
depending on the experiment. Water was allowed ad l ibitum. 


Proadifen hydrochloride'-pretreated animals received 100 mg of 
tlrug/kg ip either 24 or 48 hr prior to  the experiment. T h e  necessary 
proadifen hydrcirhloride dose was administered in <0.5 ml of water. with 
control animals receiving 0.1 ml of water. 


P r e p a r a t i o n  of Ever ted  J e j u n a l  Sacs--While anesthesia was 
maintained with ether, a midline incision was made: the  small intestine 
was removed carefully and then rinsed several times with cool saline. The 
I'irst 15 cm distal to the  pylorus was discarded, and the remaining intes- 
tine was everted over a glass rod. 


I en-centimeter segments (if' evertcd intestine were prepared as everted 
ligated sacs as  descrihed previously (9) or were cannulated (10). Both the 
serosal and mucosal hathing 1)ufters consisted of pH 7.1 Krehs-Henseleit 
Iiuffer with the pH determined helore and alter incut)ation in the tissue 
prcparati[in. The  serosal l)ullers were huhtiled with 95%. oxygen- 5% 
carhon dioxide I d o r e  installation into the sacs; the mucosal bul'lers were 
t)uhhled prior t(J and during the experiment. 'I'etnperature over the in- 
cuhation period was maintained a t  :I7 & 0.2" by a circulating water 
hat h:'. 


U p t a k e  a n d  T r a n s f e r  of 1JC-3-O-Methylglucose f r o m  0.1 m M  
Mucosal Solutions-Everted ligated sacs lrom 24- and 48-hr tasted and 
unlasted animals were filled with 1.0 ml of huff'er free ot':3-C)-methyl- 
:lucose and incuhated in 0.1 mM methylglucose in 10 ml 01 mucosal 
l~iif'fer. Sugar t r a d e r  and uptake were examined for sacs from both 
control and proadifen-pretreated animals under various fasting condi- 
tions, with one-half o f  all sacs incubated in 0.08 niM phlorizin4 a s  well. 
All mucosal solutions contained initially 0.3 pCi 0 1  I4C-:3-O-methyl- 
~ lucose"  with appropriate addition 1 1 1  unlaheled :i-O-methylglucoseR. In 
sepiiriitr studies, lo-'' M proadifen hydrochloride was incorporated into 
inuct~sal and serosal hullers of segments I'rom control animals. 


Alter :30 min 0 1  incul)ation, the sacs were emptied and the volumes were 
recorded with sequential dilutiim o t 2  ml with water. One-tenth-tnilliliter 
wrosal and mucosal samples were saved liir liquid scintillation counting. 
Following rinsing and weighing of the sac tissue, the tissue was homoge- 
nized: wit.h 2 ml of'methanol and centrifuged. A portion o l t h e  methanol 


I .  


Table I-Effects of F a s t i n g  and P r o a d i f e n  P r e t r e a t m e n t  on 
14C-3- 0-Methylg lucose  a T r a n s f e r  and T i s s u e  U p t a k e  across 
the Ever ted  Rat S m a l l  I n t e s t i n e  


Amount Trans-  30-min 
ferred to Serosal Tissue LJp- 
Fluid in 30 min*, t a k e h , m M  X 


Condition n m M  x 10-6 10-6 


1-Day fast 


2-Day fast 


Llnfasted 


Untreated 19 21.82 f 4.56 26.60 f i3.74 
Proaditen 8 :33.09 f 7.84' 33.64 f 7.11r 


Untreated 4 17.73 f 2.64 26.68 f 4.71 
Proadifen 4 39.04 f 8.40' 32.82 f 3.29' 


Untreated 6 9.95 f 1.25" 20.45 f 0.99d 


Initial muc~isal concentration = 0.1 mM. Mean f SI). ' p  < 0.05 compared 
10 untreated of same fast pericid. " p  < 0.05 compared to I-day untreated. 


supernate was counted. Approximately 90% of the  total initial label could 
he accounted for by the  hul!er and tissue samples. 


S e r o s a l  to Mucosa l  Concent ra t ion  Gradients-Cannulated sacs 
lrom 24-hr fasted treated and control animals as well as untreated un- 
fasted animals were incubated with 1.0 m M  :I-0-methylglucose in both 
mucosal and serosal hut'fers. T h e  mucosal volume was 60 nil; the serosal 
volume was 2 ml. After 30 min, the  concentration and amount. of I4C- 
:i-O-methylglucose in the mucosal solution, the serosal solution, and the 
intestinal tissue were determined. Before the segments were homogenized 
with methanol, they were rinsed with 1 ml olwater  and their wet weights 
were recorded. 


T r a n s f e r  Rates of ~4C-:3-O-Methylglucose as a Funct ion  of In-  
c u b a t i o n  Time-Ten-centimeter everted segments from 2.4-hr fasted 
control and proadifen-pretreated animals were suspended in (%I ml 0110 
mM :l-O-methylglucose hul'fer. Of the  two segments utilized lrom each 
animal, one was randomly chosen for incuhation with either 0.08 o r  0.8 
m M  phlorizin. Two milliliters of sugar-l'ree buffer was placed into the 
serosal compartment. Every 10 min over the  2-hr experiment, the  2 ml 
( i f '  huffer was withdrawn followed by a 2-ml seriisal rinse and instillation 
(11 another 2 ml lor the subsequent time interval. The  rinse was romhined 
with the initial sample f o r  that  10-niin period, and its radioactivity was 
determined. 


D e t e r m i n a t i o n  of Tissue  Weights  a n d  E x t r a c e l l u l a r  Space-In 
separate experiments, wet and dry intestinal tissue weights were recorded 
for 24- and 48-hr lasted control and pretreated animals. Wet weights were 
measured af ter  segments were thoroughly rinsed and drained. T h e  
wet tissue was placed on tared slides, dried for 2 hr a t  12O0, and re- 
weighed. 


Extracellular space values were obtained lor whole sac preparations. 
Five-centimeter ligated everted segments were incullated with serosal 
and mucosal 1)uflers containing 0.625 pCi/ml o l  14C-carboxyinulinr1 (0.05 
mCi/l9.6 mg). T h e  mucosal volume was 10 ml; the serosal volume was 
0.5 mi. All buffers were gassed with the oxygen carbon dioxide mixture, 
and the preparations were incubated a t  : 3 7 O  for GO min. 


Upon completion 01 the  incubation, the sacs were rinsed, drained, and 
halved tor weighing in tared vials. T h e  tissue contents of the vials were 
then digested with 1.5 ml of alkaline digestantx a t  45O until digestion was 
complete. Before neutralization with acetic acid, the vials were allowed 
t o  cool. Five milliliters of liquid scintillation cocktailg was added to each 
vial, and the  radioactivity was determined. Values olextracellular space 
were calculated lrom the Iollowing relationship ( 1  1) :  


extracellular space (ml/g) 
cpm/g o l t i s sue  


cpm/ml of tnucosal inulin solution 
(Eq. 1) 


Assay-Samples of  serosal but'fers, mucosal hut'fers, and tissue extracts 
were placed in vials containing 7 ml olscintillant, and their radioactivity 
was determined with a liquid scintillation spectrometer"'. Counts  per 
minute were corrected lor quenching hy standardized quench curves. 


R E S U L T S  


These studies were designed to examine the effect of' proadil'en pre- 
treatment and length of  last o n  active and passive :I-O-methylgluc:ose 


- - 
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Table 11-Effects of Fasting and Proadifen Pretreatment on 
~4C-3-O-Methylglucose Transfer and Tissue Uptake across 
Phlorizin b-lncubated Everted Rat Intestinal Sacs 


Amount Trans- 30-min 
ferred to Serosal Tissue Up- 
Fluid in 30 min", takec, mM X 


Condition n mM X 10-6 10-6 


I-Day fast 


2-Day fast 


U n fas t ed 


Untreated 19 4.87 f 1.22 7.85 f 1.68 
Proadifen 8 2.64 f 0.81 5.32 f 1.53 


Untreated 4 4.10 f 0.52 7.03 f 0.46 
Proadifen 4 4.50 f 1.24 7.88 f 0.90 


Untreated 6 2.50 f 0.62F 7.41 f 0.64 


0 Initial mucosal concentration = 0.1 mM. Cimcentration dphlorizin in mucosal 
and serosal hutTer = 0.08 mM. ' Mean f .Sf). d p < 0.05 compared to untreated 01 
same fast period. 9 p < 0.05 compared to 1-day lasted untreated. 


transfer across everted rat intestinal segments. Following 24 hr pre- 
treatment with proadifen, the lumens of the 24-hr fasted group were 
distended with fecal matter; 48-hr fasting provided lumens free of matter. 
Variation of fasting periods allowed an  assessment of fasting and 
proadifen effects on the mucosal to serosal sugar transfer. By including 
phlorizin, a glucose transport inhihitor ( 12), in the incuhation medium, 
passive :3-O-methylglucose transfer could he examined separately. Fur- 
ther studies were conducted to determine alterations in wet and dry in- 
testinal tissue weight and whole tissue extracellular space as a result 0 1  
fasting and proadifen pretreatment. 


Study A Uptake and Transfer of W-3-0-Methylglucose from 
0.1 mM Mucosal Solutions--To examine the effects of fasting and 
proadifin pretreatment on mucosal to serosal transfer and tissue uptake 
of the actively transported sugar, animals were divided into five groups: 
unfasted animals, 24- and 48-hr fasted control animals, and 24- and 48-hr 
fasted animals that were pretreated with proadifen 24 hr prior to segment 
preparation. Table I gives values for the amount of 3-0-methylglucose 
transferred to the initially sugar-free serosal butter in 30 min. Everted 
segments from 24- and 48-hr fasted proadifen-pretreated animals 
transferred significantly greater amounts of the labeled sugar than the 
corresponding fasted controls, with increases approximating 62 and 12070, 
respect.ively. Segments ohtained from unfasted animals transferred 54% 
less laheled 3-0-methylglucose in 30 min than the 24-hr fasted con- 
trols. 


Tissue sugar levels were elevated in the proadifen-treated group while 
the sugar levels in the sacs from unfasted animals were significantly ( p  
< 0.05) lower than the fasted controls. Due to measured increases in wet 
tissue weight for the pretreated group, no differences were noted between 
treated and control fasted groups when comparisons were made hased 
on counts per gram of tissue. Counts per gram of'tissue determined from 
sacs from untasted animals were significantly ( p  < 0.05) less than the 
other experimental groups. 


Of the  two 10-cm intestinal segments utilized from each animal, one 
was Chosen in an alternating pattern for incuhation in a similar 3 - 0 -  
methylglucose huffer containing 0.08 mM phlorizin. In experiments 
where the phlorizin concentration was varied, this inhihitor level provided 
maximum :3-O-methylglucose transport inhibition. Phlorizin dramatically 
reduced sugar mucosal to serosal transfer and tissue uptake in all ex- 
perimental conditions, and this transfer was assumed to represent the 


Table 111-Effects of Unfasting and I-Day Fasting of Controls 
and Proadifen-Pretreated Animals on Final I4C-3- 0- 
Methylglucose a Concentration Hatios and Tissue Levels (n = 6)  


Proadifen 
Parameter Fast rd " Treated Unfasted 


Final ratio, 1.152 f 0.05; 1.4% f 0.094' 1.091 f 0.17:1 
serosal- mucrisal 


mM X lo-, '  


\\, - 2 '  


concentration, 
mM X lO-:'/g 


Serosal gain", ' 1  184 f 0.092 0.706 f 0.190' 0.082 f 0.340 


\Vet tissue 0.7111 f 0.102 0.859 + 0.080' 0.897 f 0.091' 


1.504 f 0.:107 1.729 f 0.271 1.238 f 0.463 I is5i.i r .  


* Initial mucosal and sercisal wneentraticm = 1 . I )  mM. Mean i Sf). 1 p < I).I): 
Otituincd I)y suhtractiny initial amount froin vcim jared to  I -day lasted control. 


I.inaf&ount. 


I 
20 40 60 80 100 120 


MINUTES 


Figure I-Mean 10-rnin transfer rates of 14C-3-0-rnethyl~lucose across 
the euerted rat intestine of control and  proadifen-pretreated animals 
versus incubation time in a 10 rnM rnucoaal huffer. Kc~y: 0 ,  proadifen 
pretreated nlone; A. control alone: 0. proadifen pretreated in the 
presence of phlorizin (0.08 m M ) ;  a n d  A, control in the prrjsence of 
phlorizin (0.08 rnM). 


passive component of the sugar transfer. As can he seen in Tahle 11. sig- 
nificantly less :{-O-methylglucose was transferred to the serosal com- 
partment for unfasted and 24-hr fasted treated animals. 


Study B: Serosal to Mucosal Concentration Gradients across 
Intestinal Segments from 1-Day Fasted Control, I-Day Fasted 
Proadifen-Treated, and Unfasted Control Animals-The ahility of 
everted segments from unfasted control, 24-hr fasted control, and 24-hr 
fasted proadifen-treated animals to generate concentration gradients 
for the sugar hetween mucosal and serosal huffers was examined. 3-0- 
Methylglucose, 1 mM, WilS incorporated into both the 60-ml mucosal 
buffers and the 2-ml serosal Iiuffers followed by a W m i n  incuhation. 
Final concentration ratios, net serosal gains in :W-methylglucose, and 
wet tissue weights are presented in Table 111. Segments from pretreated 
p ima l s  exhihited greater final gradients than those of the control and 
untasted groups. Intestinal tissue from treated and unfasted animals was 
greater in wet tissue weight per length than that of 24-hr fasted con- 
trol&. 


Study C: ~4C-3-O-Methylglucose Transfer as a Function of In- 
cubation Time-Cannulated everted intestinal sacs, prepared from 
24-hr fasted control and pretreated animals, were utilized to examine 
active and passive transfer of :l-O-methylglucose across isolated segments 
over extended incuhation periods. The sugar transfer rates a t  10-min 
intervals as a function of incuhation time appear in Fig. 1. With phlorizin 
excluded from the hathing solutions, marked increases in 3-0-methyl- 
glucose transfer to the serosal huffers were noted a t  10.20, and 30 min 
for segments ohtained from pretreated animals, with percentage increases 
over controls o f  120, 100, and 75% for the three time periods, respec- 
tively. 


After 30 min, the average rate tor the proadifen group progressively 
fell; rate values from 70 to 120 min were similar to  those of the control 
sacs and phlorizin-incuhated sacs of treated and untreated animals for 
the same time period. The  fall in transfer rates and (.he similarity to  
passive rates may represent transport system deterioration in isolated 
segments with long incubation times. 


For phlorizin-incubated sars, the amount of  laheled sugar appearing 
in the serosal huffers up to  30 min was reduced in the proadifen group 
compared to controls. Passive transfer rates i n  both control and treated 
groups progressively increased with incuhation, possihly suggesting 
mucosal membrane harrier deterioration with ext.ended incuhation pe- 
riods (13). 


Study D Uptake and Transfer of ~4C-3-0-Methylglucose by In- 
testinal Tissue following 40-hr Proadifen Pretreatment-Prelimi- 
nary studies examining concentration gradients across ligated sacs from 
'14-hr fasted animals representing control, 12-hr proadifen pretreatment, 
;ind 24-hr proadifen pretreatment groups demonstrated only moderate 
increases in final concentration gradients following 12-hr pretreatment. 
'I'(I determine whether the effects noted after 24 hr were temporary or 
Imame  more evident when longer intervals separated the time of injec- 
tion and transfer measurements, a 40-hr intervtil between dosing and 
sacrifice was chosen. 


The  animals were fasted 24 hr prior to the experiment. Thirty-minute 
transfer and uptake were determined tor ligated sacs in 0.1 mM B-0- 
methylglucose huffers. No differences were ohserved hetween control 
and 40-hr treated animals, with serosal transfer values of 2.26 f 0.50 x 
I t ) - "  and 2.75 f 0.24 X mM/10 cm/30 min, respectively. Iikewise, 
tissue levels of the labeled sugar suggested no enhanced sugar uptake by 
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T a b l e  IV-Effects o f  In Vitro P r o a d i f e n  on 10-min Serosal 
T r a n s f e r  and Tissue  U p t a k e  of ~4C-3-O-Methylglucose across 
the E v e r t e d  R a t  S m a l l  In tes t ine  (n = 4) 


Amount Trans-  10-min 
ferred to Serosal Tissue Up- 
Fluid in 10 milib, take". m M  X 


Treat-  m M  x 10-6 10-6 
ment Phlorizin' Control Phlorizinc Control 


Untreated 1.454 f 4.534 f 6.302 f 17.910 f 


Proadifen 1.594 f 5.133 f 7.082 f 17.838 f 
0.255 0.220 0.860 6.259 


incutiated 0.:3:13 0.576 0.9:13 4.449 


a Initial mucosol concentration = 0.1 mM. * Mean f SD. I'hlorizin concen- 
[ration in serosal and mucosal I)uf'fer = 0.08 mM. 


the  treated group, with a value of2.68 f 0.24 X 10-,j mM/10 cm/30 min 
for the  40-hr pretreated group. 


S t u d y  E: U p t a k e  and T r a n s f e r  of  "C-3-0-Methylglucose for 
Liga ted  Segments  I n c u b a t e d  i n  M Proadifen-Possible direct 
alterations of sugar transport by proadifen were investigated by dissolving 
lo-.' M proadifen in the incubation buffers. This concentration was hased 
on  reported alterations in the permeahility of human erythrocytes (14)  
and ra t  hepatocytes (15) in the presence of  - 1 O F  M proadifen. In 
tlilro drug incubation did not influence miicosal to serosal passive transfer 
of the  sugar in the sac preparations (Talile IV). Wet tissue weights were 
also similar. 


S t u d y  F Determina t ion  of W e t  a n d  D r y  In tcs t ina l  Tissue  
Weights-To determine whether the larger values for wet tissue weight 
were the result of fluid accumulation or tissue proliferation, wet and dry 
intestinal tissue weights of 24-hr fasted control and treated animals as  
well as  48-hr fasted groups were recorded. While the lumens o f  24-hr 
I'asted proadifen-treated animals were filled with fecal matter, the lumens 
i i f  the  remaining three groups were clear. I n  both treated groups, the wet 
and dry tissue weight increased significantly over controls (Table V).  Wet 
tissue weight determinations were greater by 23 and :W& and dry tissue 
weight determinations were greater hy :I0 and 2'ir4, for 24- and 48-hr lasts, 
respectively. 


S t u d y  G: Determina t ion  of Whole Tissue  E x t r a c c l l u l a r  S p a c e -  - -  
Measurements o f  the intestinal tissue extracellular space o f  24- and 48-hr 
fasted, control and treated groups were conducted with I4C-car- 
hoxyinulin. No significant differences in whole tissue extracellular space 
were demonstrated (Tatile V). 


DISCUSSION 


As noted in Studies A and C, intestinal segments from unfasted and 
24-hr fasted proadifen-treated animals displayed reduced mucosal to  
serosal passive transfer compared to  fasted controls. These two groups 
coincided with those found to have fecal material in their lumens a t  the 
time of sac preparation. Literature reports suggest that  differences exist 
between fasted and unfasted animals with respect to intestinal ahsorption 
(16. 17). Altertitions in extracellular space as  a result o f  fasting o r  drug 
treatment could influence the passive ahsorption of water-soluhle drugs 
that  transverse the mucosal epithelia hy aqueous channels. Similar in- 
creases in passive transfer rates with incubation time, as seen with :<- 
I/-methylglucose in Study C, were reported lor water-soluble drugs that 
iire helieved to pass the  mucosal epithelia hy aqueous pathways ( 13). 
However, in the present study, no differences were observed in the es-  
tracellular space volume per gram of tissue. On the other hand, such 
measured values a re  hased on whole tissue space and may not he useful 
in evaluating aqueous channel volume in the at,sorption-limiting mucosal 
epithelia (1 I ) .  


In the present study, scgments f'rom unfasted animals displayed di-  
minished serosal transf'er when the active transport pathway was not 
iiihihited. 11' active and passive transfer and uptake are additive, the lower 
transfer in the ahsence of  phlorizin I'or unfasted segments cannot he ac- 
counted for solely hy lower passive transfer rates h i t  must represent the 
reduced ahility of unfasted tissue to transport sugar actively. In contrast, 
Newey c't al.  (18) found that  fasting for 72 hr reduced active n-glucose 
transport in hamsters. However, other investigators (19) reported ele- 
vations in glucose and  histidine transport with fasting. 


Transfer and tissue weight data indicate that  a n  intestinal segment's 
transfer abilities are not correlated with segment weight. Proadifen ele- 
wLed 1)oth the amount of:)-l)-methylglucose transferred and the tissue 
weight. However. increased intestinal weights noted f o r  the  unfasted 


T a b l e  V-Effects of 24-hr  P r o a d i f e n  P r e t r e a t m e n t  on R a t  
In tes t ina l  T i s s u e  a f t e r  1- and 2-Day Fasta 


Tissue Control b.c Treated"," 


1-Day fast 
Wet  tissue weight, mg/cm 62.14 f 7.58 76.30 f 19.70d 
Dry tissue weight, mg/cm 7.04 f 0.82 9.16 f 1.84d 
Extracellular space, ml/g 44.15 f 5.30 42.27 f 2.56 


Dry tissue weight, mg/cm 7.30 f 0.26 9.30 f 0.4ad 
Extracellular space, ml/g 4 1.58 f 3.43 41.59 f 3.84 


2-Day fast 
Wet  tissue weight, mg/cm 62.12 f 1.94 8'2.10 f 4.98d 


One- and '-day fast studies performed o n  separate days. 
Mean f S I )  


Numher of hats = 
X p < 0 05 compared tci control. 


groups did not coincide with elevations in transfer rates hut with reduced 
rates. Newey et a / .  (18) also showed the  inappropriateness of direct 
comparisons o f  the  amount  of sugar transported per gram of tissue in 
hamsters. 


Despite the presence o r  ahsence of  fecal material in the intestinal lumen 
as noted in Study A, proadifen pretreatment elevated mucosal to serosal 
transfer of the sugar derivative. Likewise, wet and dry tissue weights were 
greater in all pretreated groups than in controls o f t h e  same fast period. 
Hoth effects appeared to he caused by a n  indirect mechanism and/or via 
a proadifen metabolite since direct drug incubation did not alter sugar 
transt'er (Study E). O f  the three pretreatment periods in Study 1). 24-hr 
pretreatment produced opt imum enhancement. 


I'ossihle indirect mechanisms include the prolongation o f  thc half-life 
of endogenous steroids (20) or stimulated pituitary hormone release (20) 
by proadifen or its metaholites. T h e  hepatic microsomal enzyme inducer 
phenoharhital increased intestinal tissue weight following several days 
of  administration (8). Further studies a re  necessary to  clarify the 
mechanism of proadifen's effects on intestinal tissue and  to evaluate 
possible alterations in drug ahsorption following exposure to enzyme- 
inducing anti inhihiting agents. 


In summary, enhanced :1-O-methylglucose transfer across in t i t ro 
everted intestinal sacs and increased wet and dry intestinal tissue weights 
were observed in 24-hr proadifen-pretreated rats. Hoth effects apparently 
were unrelated to the  unfasted s ta te  of the  lumen, resulting from 
proadifen's spasmolytic effects, since 48-hr fasting of treated animals 
provided material-free lumens with the same effects. Proadifen en-  
hancement o f  sugar transport appeared to  be indirect since drug incu- 
bation of segments produced no  alterations. In control animals, 24- and 
48-hr fasting decreased intestinal weight and increased mucosal to serosal 
sugar transport as  determined by everted intestine techniques. 
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Abstract 0 Methods are described for the synthesis of dinoprost Cg- and 
CIS-monoesters using protective groups. Esters a t  Cy were synthesized 
by acylation of dinoprost 1 1,15-bis(tetrahydropyran-2-yl)ether followed 
by acid-catalyzed protective group removal. Esters a t  CIS were synthe- 
sized by initial formation of the protected intermediate, dinoprost 
9.1 1-n-butylboronate, followed by acylation and hydrolytic protective 
group removal. Many esters were active in uiuo in the hamster antifertility 
screen. Plasma hydrolysis studies showed that the CIS-esters were more 
readily cleaved than the Cg-esters. In uiuo studies in the rat showed that 
both the Cy- and CIS-esters resulted in urinary excretion of 5a,7a-dihy- 
droxy-1 l-ketotetranorprosta-l,l6-dioic acid in amounts comparable to 
those obtained after dosing with dinoprost, indicating that ester hy- 
drolysis occurred in uiuo. 


Keyphrases 0 Dinoprost-prodrugs, Cy- and CIS-monoesters, synthesis, 
bioactivity 0 Prostaglandins-dinoprost, prodrugs, Cg- and CIS-mo- 
noesters, synthesis, bioactivity Prodrugs-dinoprost, Cg- and CIS- 
monoesters, synthesis, bioactivity 


Previously, methods were described for the synthesis 
of aromatic and aliphatic prostaglandins C1-esters, and the 
utility of these prodrugs in improving solid-state stability 
and oral absorption was reported (1, 2). This report de- 
scribes synthetic routes for dinoprost Cg- and CIS-mo- 
noesters and an evaluation of ester bioactivity. 


EXPERIMENTAL 


Materials and Methods-Dinoprost and dinoprost 11,15-bis(tet- 
rahydropyran-2-yl)ether (1)' (3) were pure by silica gel TLC. The acid 
chlorides were obtained commercially2. Pyridine (analytical reagent) was 
dried over molecular sieves3 for I week prior to use. All other solvents were 
glass-distilled qualitfl. 


Column chromatography was conducted on 0.063-0.2-mm silica gel5. 
Silica gel TLC was conducted on 250-pm layer plates6, and visualization 
was by spraying the developed plates with aqueous 15% ammonium 
sulfate followed by charring on a hot plate. Prostaglandin ester mass 
spectra were obtained7 for ( a )  the trimethylsilyl derivative, ( b )  the 
CI-methyl ester of the trimethylsilyl derivative, and ( c )  the nonderiva- 
tized compound. The methyl esters were obtained using diazomethane, 
and the trimethylsilyl derivatives were obtained with a mixture of 


I Supplied by the Research Division, The Upjohn Co. 
2 Aldrich Chemical Co., Milwaukee, Wis., and Eantman Kodak Co., Rochester, 


3 Beads, 10-16 mesh, 4 A, Davison Chemical Co., Baltimore, Md. 
4 Burdick & Jackson Co., Muskegon, Mich. 
5 Silica gel 60, EM Laboratories, Elmsford, N.Y. 
6 Uniplate, Analtech Inc., Newark, Del. 


N.Y. 


LKB 9OOO mass spectrometer. 


hexamethyldisilazane - trimethylchlorosilane - bis(trimethylsilyl)acet- 
amide-pyridine (2:2:1:5). 


Synthesis-Representative ester syntheses are described. The other 
esters were synthesized similarly. 


Dinoprost 9-n-Butyrate (IIIb)-A solution of 100 mg of I (3) in a 
mixture of 0.5 ml of butyric anhydride and 1 ml of pyridine was allowed 
to  stand a t  room temperature for 24 hr. Upon solvent removal a t  45' 
under vacuum, the residue was dissolved in 50 ml of acetone-acetic 
acid-water (1:l:l). After 24 hr a t  40'. the solvent was removed and the 
residue was subjected to column chromatography on 75 g of silica gel. 
Elution was achieved with ethyl acetate-acetic acid (97:3), and the 
product fractions were identified by silica gel TLC with the same solvent 
system. Evaporation of the pooled product fractions gave 51 mg of a 
colorless oil, which was pure by TLC. 


Dinoprost 15-Acetate (VIIIa)-A solution of 48.4 mg (0.137 mmole) 
of IV and 24 mg (0.236 mmole) of n-butylboronic acid in 2 ml of dry 
pyridine was allowed to stand a t  room temperature for 1 hr. Acetic an- 
hydride, 2 ml, was added; after 24 hr a t  room temperature, 3 ml of water 
was added and the solvent was removed a t  45' under vacuum. The re- 
sidual oil was dissolved in 50 ml of ethyl acetate and extracted with 50 
ml of 0.2 M citrate buffer, pH 3.0. 


The organic phase was dried over sodium sulfate; upon solvent removal, 
the residue was subjected to column chromatography on 50 g of silica gel. 
Elution was achieved with ethyl acetate-acetic acid (97:3). The product 
fractions were identified by TLC; upon solvent removal, 25.3 mg of a 
colorless oil was isolated. 


Biological Activity-The ester activity was studied in the gerbil colon 
assay, the rat pressor blood pressure assay, and the hamster antifertility 
assay (subcutaneous administration) as described previously (1,4). 


Plasma Hydrolysis-Standard aqueous solutions (0.1 ml) of dino- 
prost, the 9-acetate (IIIa), the 15-acetate (VIIIa), the 9-n-butyrate (IIIb), 
and the 15-n-butyrate (VIIIc) containing quantities in terms of IV 
ranging from 5 to 20 X lo3 ng/ml were incubated separately with 0.05 ml 
of' each of the following: ( a )  saline solution, (b )  heparinized rat plasma, 
( c )  heparinized monkey plasma, and (d) heparinized human plasma. 
After 2 hr a t  37', the affinity of each incubated sample for anti-dinoprost 
serum was determined using a double antibody radioimmunoassay (5). 
Relative cross-reactivity was calculated by comparing the amount of the 
compound required to displace 50% of the label with the amount of IV 
required. Increased antibody affinity occurred as ester hydrolysis pro- 
ceeded to yield IV. 


In Vivo Metabolism-Mature Sprague-Dawley female rats were 
injected subcutaneously with one of the following: I, IIIa, VIIIa, IIIb, 
Vlllc, and the vehicle as the control. The compounds were administered 
in amounts equivalent to 1 mg of IV dissolved in 0.5 ml of vehicle con- 
sisting of polyethoxylated vegetable oils-ethanol-5% aqueous dextrose 
(1: 1:8). 


The animals were kept in metabolism cages, and total urine volumes 


~~ 


8 Emulphor EL-620, CAF Corp., New York, N.Y. 
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BOOKS 


REWEWS 


Essentials of Toxicology, 3rd Ed. By TED A. LOOMIS. Lea & Febiger, 
600 Washington Square, Philadelphia, PA 19106. 1978.245 pp. 15 X 
24 cm. Price $12.50. 
The newest edition of this basic toxicology text differs little from the 


previous edition in both form and content. The type is slightly larger and 
thus easier to read. Many chapters have few, if any, alterations. Some of 
the additional or revised material to be found includes: updated statistics 
on poisoning and mortality from chemical exposure; an amplified section 
on the influence of the microsomal P-450 enzyme system on chemical 
toxicity; a table of genetically based alterations which account for indi- 
vidual variations in response to drugs and chemicals; a section differen- 
tiating the concepts of biological half-life of a compound versus “half-life 
for toxicity,” using as an example fatty deposition in liver after exposure 
to ethanol; and a brief description of behavioral toxicity studies in ani- 
mals. 


A table on page 60 lists formaldehyde as the toxic metabolite of 
methanol, although recently published data indicated that formate, and 
not formaldehyde, is responsible for ocular toxicity in monkeys and 
presumably in humans. 


Each chapter is adequately referenced to provide the interested student 
with sources of more detailed information. This book cannot be compared 
to other texts such as Casarett and Doull’s “Toxicology, The Basic Science 
of Poisons” (Macmillan) or portions of Goldstein, Aronow, and Kalman’s 
“Principles of Drug Action” (Wiley), both of which deal more extensively 
with toxicologic subject matter. However, “Essentials of Toxicology” 
provides a well-organized introductory approach to toxicology and can 
serve a useful purpose in an orientation course to this highly diversified 
science. 


Reuiewed by Ray Orzechowski 
Philadelphia College of 


Philadelphia, P A  19104 
Pharmacy and Science 


Blood Drugs and Othe r  Analytical Challenges (in Methodological 
Surveys in Biochemistry), Vol. 7. Edited by E. REID. Ellis Honvood 
Ltd., Market Cross House, 1 Cooper Street, Chichester. Sussex, En- 
gland (US. distributor: Halstead Press, a division of John Wiley & 
Sons, 605 Third Avenue, New York, NY 10016). 1978.355 pp. 14.8 X 
22.6 cm. Price $47.50. 
This volume (Volume 7 )  compliments i ts  predecessor (Volume 5 )  and 


is based on the papers presented a t  Bioanalytical Forum held a t  the 
University of Surrey in 1977. The book provides practical information 
of value to the bioanalytical researcher and attempts to present meth- 
odological rationale rather than mere recipes. The first four chapters are 
subdivided into sections, and the fifth chapter represents the notes, 
comments, and discussion in the form of questions and answers on the 
preceding four chapters. 


The first chapter, “The Framework,” sets out the general philosophy 


for development of analytical methods, discusses quality control and 
sources of errors in assays, and presents an overview on analytical method 
evaluation. The second chapter describes aspects of gas chromatography 
(GLC) with problems associated with capillary and packed columns and 
detectors (AFID and ECD). Their applications in drug analysis as well 
as derivatization procedures are discussed also. 


In the third chapter, mass spectrometric methods for drug and en- 
dogenous compound analyses in biological fluids are presented, with 
suitable examples, together with considerations concerning accuracy and 
precision. Discussions of more recent approaches in this field such as 
negative-ion mass spectrometry and HPLC-mass spectrometry are 
particularly valuable. 


The fourth chapter discusses the applications of HPLC to drug anal- 
ysis. Interesting and useful discussions with relevant examples are pro- 
vided on ion-pair HPLC of acid and basic drugs, metabolites, and en- 
dogenous compounds. Various aspects of HPLC such as electrochemical 
detection, sample handling, chemical derivatization including fluores- 
cence labeling, and prechromatographic methods in biomedical trace 
analysis are presented with useful comments and suitable examples. 


The analytical case histories on the assays of bendrofluzide, biperidin, 
and labetalol and its metabolites are interesting and informative. The 
notes and comments in the fifth chapter along with analytical case 
histories of drugs including metoclopramide, procetofenic acid, tienlilic 
acid, practolol, amitriptyline, nortriptyline and benzodiazepines make 
particularly enjoyable reading for the analyst. 


In summary, the reviewer found this book to be a well-balanced blend 
of the theoretical and practical aspects of present techniques and their 
potential applications of trace drug analysis in biological fluids. 


The book is effective in i t s  scope, variety of experiments, and presen- 
tation style. I t  is well planned, emphasizes the rationale of developing 
successful analytical methods for drug analysis by chromatographic 
techniques, and should be useful to analytical chemists working with 
biological fluids. 


Reuiewed by K. K. Midha 
Drug Research Laboratories 
Health Protection Branch 
Health & Welfare Cannda . 
Ottawa, Ontario 
KIA OL2 Canada 


Lange’s Handbook of Chemistry, Twelfth Edition. Edited by JOHN 
A. DEAN. McCraw-Hill, New York, NY 10020. 1978.1170 pp. 15 x 23 
cm. Price $28.50. 
This new edition of Lange’s Handbook u/ Chemistry is a valuable 


updating of a classic one-volume reference. 
A major improvement on the previous edition is the revised section on 


thermodynamics. The new section reflects currently recommended values 
(or heats of formation and Cibbs energies of formation, entropies, heat 
capacities a t  five different temperatures, and heats of melting, vapor- 
ization, and sublimation for 2400 inorganic and 1500 organic com- 
pounds. 
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yielded 137 mg of IV as a colorless oil; IR (film): 3310 (N-H), 3050,3020, 
1600,750,700 (aromatic), 2910,2810 (C-H), and 1635 (C=O) cm-’; NMR 
(CDCln): 6 1.34 (s,1, N-H, exchangeable), 2.66-2.94 (m, 2, C-CHpNH), 
3.25-3.78 [m, 4, C-CH?N-C(-)-O and NH-CH2-phenyl1, 4.66 (s, 2, 
phenyl-CHs-N-C=O), and 7.13-7.50 (m, 15, aromatic). 


Benzoylation of Benzathine to Give IV-To 960 mg of I in 3 ml of 
chloroform and 0.5 ml of triethylamine was added dropwise 550 mg of 
henzoyl chloride in 1 ml of chloroform. After 1.5 hr a t  room temperature, 
the solution was added to 20 ml of water, brought to pH 11 with sodium 
hydroxide, and extracted with chloroform. Workup afforded 1.5 g of white 
solid. A portion of the crude product was chromatographed by prepara- 
tive TLC to yield 65 mg of IV. 
1,3-Dibenzyl-2-phenyltetrahydroimidazole (V)-Equimolar (0.02 


M )  amounts of I and benzaldehyde with 150 mg of p-toluenesulfonic acid 
in 100 ml of benzene were condensed over 3 hr to yield a white solid, 4.1 
g, mp 99-99.5’ (hexane) [lit. (5) mp 99”]. 


Oxidation of V to 11-To 1.235 g (3.76 mmoles) of V in 10 ml of ben- 
zene was added dropwise 956 mg (3.76 mmoles) of iodine in 100 ml of 
henzene. To the resulting solution was added, all a t  once, an equal aliquot 
of iodine in benzene. The solution was cooled, and the red solid, 2.8 g 
(90%), was collected. Recrystallization from methanol-acetone gave 
deep-red needles of 11, mp 163.5166“. 


RESULTS AND DISCUSSION 


The reaction of benzathine with iodine in methanol resulted in the 
isolation of one product; the NMR spectrum was consistent with Struc- 
ture 11. Further confirmation of Structure I1 was derived from the partial 
reduction of I1 to the iodide 111, which, under basic conditions, yielded 


the ring-opened benzoylbenzathine (IV), analogous to other imidazo- 
linium salts (6). 


Unambiguous confirmation of Structure I1 resulted from the iodine 
oxidation of the tetrahydroimidazole (V) to 11. 


Product I1 probably results from a reaction sequence beginning with 
oxidation of benzathine to give an imine, which then hydrolyzes to give 
the benzaldehyde (Scheme I). The benzaldehyde is free to condense with 
intact benzathine to give V, which oxidizes with excess iodine to 11. 


Therefore, this reaction sequence leads to erroneously low results in 
the CFR iodometric assay as presently described for penicillin V benza- 
thine. I t  also accounts for the fact that  interference by benzathine in the 
itdometric assay is dependent on pH since the initial oxidation requires 
a free amino function. 
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Abstract  0 The metabolic fate of 5-aminosalicylic acid (reported to be 
the active therapeutic moiety of sulfasalazine) was assessed in fasting 
rats as a function of dose (25-200 mg/kg) and administration route (oral, 
intraperitoneal, and intravenous). 5-Aminosalicylic acid is subject to both 
capacity-limited presystemic (apparently during first passage through 
the intestinal epithelium) and systemic acetylation. The pwibility exists 
that 5-aminosalicylic acid also is acetylated presystemically after oral 
sulfasalazine administration to patients with inflammatory bowel disease. 
Any alteration in the absorption rate of this active metabolite from the 
colon could affect the time course of local anti-inflammatory activity if 
N-acetyl-5-aminosalicylic acid is inactive or less active than 5-amino- 
salicylic acid. 


Keypbrases 0 5-Aminosalicylic acid-metabolism, gut wall, effect of 
dose and administration route Sulfasalazine metabolites-5-amino- 
salicylic acid, metabolism, gut wall, effect of dose and administration 
route Antibacterial agents-sulfasalazine, 5-aminosalicylic acid me- 
tabolite, metabolism, gut wall, effect of dose and administration route 
o Intestinal epithelium-metabolism, 5-aminosalicylic acid, effect of 
dose and administration route 


Sulfasalazine (salicylazosulfapyridine) is widely used 
for the treatment of ulcerative colitis and Crohn’s disease 
(I). After oral administration to rats and humans, the drug 
is almost completely metabolized in the colon and cecum 
by bacterial azo reductases. The metabolic products sul- 
fapyridine and 5-aminosalicylic acid are absorbed from the 


colon and are further metabolized to N4-acetylsulfapyri- 
dine, to the 0-glucuronide and 0-sulfate conjugates of 
5’-hydroxysulfapyridine and N4-acetyl-5’-hydroxysul- 
fapyridine, and to N-acetyl-5-aminosalicylic acid (2-6). 


Several investigators (3,5-8) suggested that sulfasala- 
zine itself may not be an active therapeutic agent but may 
serve only as a means of delivering its metabolic products, 
5-aminosalicylic acid (a possible anti-inflammatory agent) 
and sulfapyridine (an antibacterial agent), to the inflam- 
mation site in the colon where either or both of these agents 
exert the desired pharmacological effects. Recent studies 
in which sulfasalazine, 5-aminosalicylic acid, and sul- 
fapyridine were administered rectally to patients with 
ulcerative colitis (9) and idiopathic proctitis (10) suggest 
that 5-aminosalicylic acid is the active therapeutic moiety 
of sulfasalazine and acts topically on the inflammed mu- 
cosa. Although this finding requires confirmation in a 
larger patient population and does not explain the mode 
of action of 5-aminosalicylic acid, it may be relevant that 
sulfasalazine and 5-aminosalicylic acid are inhibitors of 
prostaglandin synthesis (10-13) and that patients with 
active ulcerative colitis have increased fecal levels and 
colonic venous blood levels of prostaglandins (13). Pros- 
taglandins are known to be involved in inflammation 
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Table I-Effect of Dose and Administration Route on 5-Aminosalicylic Acid Biotransformation in Fasting Ra t s  


Dose of 5- 
Aminosali- 


Administration cylic Acida, 
Route mghg 


Oral 


Intraperitoneal 


Intravenous 


25 
50 


100 
200 


25 
50 


200 
25 
50 


200 


Mean Urinary Excretion in 48 hr ( n  = 4) f SE 


Total Recovery, salicylic Acid, cylic Acid, 
% of dose % of totalb % of totalb 


N-Acetyl-5-amino- Free 5-Aminosali- 


90.5 f 3.8 
91.0 f 5.7 
95.2 f 7.1 
101 f 3.3 
101 f 2.4 
104 f 1.7 
104 f 3.3 
102 f 2.1 


92.3 f 1.9 
103 f 2.4 


82.0 f 2.8 
69.8 f 4.3 
50.1 f 5.5 
33.2 f 2.4 
54.2 f 4.3 
41.3 f 3.0 
29.8 f 5.9 
55.8 f 6.4 
44.8 f 4.8 
25.9 f 5.2 


18.0 f 28 
30.2 i 4.3 
49.9 f 5.5 
66.8 f 2.4 
45.8 f 4.3 
58.7 f 3.0 
70.2 f 5.9 
44.2 f 6.4 
55.2 f 4.8 
74.1 f 5.2 


a Administered as an aqueous solution (pH 7). * Free and acetylated 5-aminosalicylic acid. 


(10-13). No information exists in the literature related to 
factors affecting the biotransformation of 5-aminosalicylic 
acid. 


The present study used the rat as an animal model to 
assess whether 5-aminosalicylic acid is acetylated 
presystemically after oral administration and to explore 
the possible dose-dependent characteristics of this meta- 
bolic process. 


EXPERIMENTAL 


Reagents-5-Aminosalicylic acid' was purified prior to use (14). Re- 
agent grade sodium nitritez, ammonium sulfamate2, N-(1-naphthy1)- 
ethylenediamine dihydrochloride2, acetic anhydride*, and isopropyl- 
acetone2 (methyl isobutylketone) were used as received. 


Animals-Adult male Sprague-Dawley rats3, 250-350 g, were fasted 
for 16 hr prior to the studies but had access to water a t  all times, Food4 
was supplied 24 hr after drug administration. All biotransformation 
studies were initiated between 9:OO and 10:00 am to eliminate possible 
circadian variation. 


Effect of Dose and Administration Route on 5-Aminosalicylic 
Acid Metabolism-The same four fasting rats received single doses of 
5-aminosalicylic acid (in aqueous solution a t  pH 7). 25-200 mghg PO, ip, 
or  iv, in two four-way and one two-way crossover studies. In a subsequent 
study, 8.33 mg of5-aminosalicylic acid/kg was administered intraperi- 
toneally to the fasting animals every 20 min for three doses. Dosing vol- 
umes of 5.0 and 2.5 ml/kg were used for oral and parenteral drug ad- 
ministrations, respectively. 


Quantitative urine collections were made daily for 2 days, and the 
specimens were stored a t  -20' pending assay for free and N-acetylated 
5-aminosalicylic acid. A 4-day washout period was allowed between drug 
administrations. 


Assay of Free and  Acetylated 5-Aminosalicylic Acid in Urine-A 
specific colorimetric method (15) was employed. Accordingly, 1 ml of 
urine (previously centrifuged and diluted with distilled water when 
necessary) was acidified with 1.0 ml of 1.OM HCI, and N-acetyl-5-ami- 
nosalicylic acid was first extracted directly into 5.0 ml of isopropylacetone 
and then reextracted from a 4.0-1111 aliquot of the organic (upper) phase 
i n t o  3.0 ml of pH 6.0 phosphate buffer. After centrifugation, a 0.5-ml 
aliquot of the buffered aqueous phase was withdrawn, mixed with 0.5 ml 
of 8.0 M HCI in a polytef-lined screw-capped culture tube, and heated 
a t  100' for 45 min to effect metabolite deacetylation. 


The acidic solution was cooled to room temperature, and the free 5- 
aminosalicylic acid was subjected to a modified Bratton-Marshall re- 
action (16) by adding, a t  3-min intervals, 1.0-ml quantities of aqueous 
solutions of sodium nitrite (0.12%), ammonium sulfamate (0.8%), and 
N - (  1 -naphthyl)ethylenediamine dihydrochloride (0.8%). The reaction 
mixture was stored in the dark for 4 hr to allow for maximum color de- 
velopment, and the absorbance of the violet-colored solution was mea- 
sured on a double-beam spectrophotometer5 a t  560 nm using 1.0-cm 
cells. 


Total 5-aminnsalicylic acid (free and acetylated) was analyzed by the 


* Aldrich Chemical Co.. Milwaukee, Wis. 
2 Fisher Scientific Co.. Rochester, N.Y. 


Blue Spruce Farms, Altamont, N.Y. 
Charles River rat chow. 


5 Beckman DB-G, Beckman Instruments, Fullerton, Calif. 


same procedure after quantitative acetylation of the free 5-aminosalicylic 
acid content of a second biological sample with 20 pl of acetic anhydride. 
The amount of free 5-aminosalicylic acid present in the urine specimen 
was determined from the difference between the total and acetylated 
5-aminosalicylic acid assay results. A linear Beer's law calibration plot 
was constructed by subjecting standard samples containing 0-70 pg of 
5aminosalicylic acid/ml to the procedure for total 5-aminosalicylic 
acid. 


Twenty-four-hour urine blank values were small but were used to 
correct all free and acetylated 5-aminosalicylic acid excretion data. 


Statistical Analysis-Differences among more than two mean values 
were evaluated by analysis of variance, and differences between any two 
means were compared using Tukey's multiple comparison test (at p = 
0.05) or the Student paired t test (17, 18). 


RESULTS AND DISCUSSION 


The results of the study of 5-aminosalicylic acid biotransformation 
after intraperitoneal, intravenous, and oral administration of 25-200- 
mg/kg doses to the same group of four fasting rats are presented in Table 
I .  Analyses of variance indicated that the urinary recovery of total 5- 
aminosolicylic acid (sum of free and acetylated drug) was independent 
0 1  dose and administration route (F9.30 = 2.17, p > 0.05). Recovery ranged 
from 91 to 104% of the dose, with 90-95% of the t@l recovery being 
achieved within 24 hr after drug administration. 


The mean fraction of total 5-aminosalicylic acid excreted in the urine 
as the N-acetylated metabolite significantly decreased as the intraperi- 
toneal and intravenous doses of 5-aminosalicylic acid were increased from 
25 to 200 mg/kg (F2.9 = 7.24 for the intraperitoneal route and F2.9 = 7.58 
f o r  the intravenous route, p < 0.025; Table 1). Lukas et al. (19) demon- 
strated that drugs administered intraperitoneally are absorbed primarily 
into the portal circulation and, therefore, must pass through the liver 
before reaching the systemic circulation. After intravenous administra- 
tion, only 28% of the cardiac output reaches the liver (19). Thus, the fact 
that no significant difference in the degree of acetylation existed between 
the two routes after each dose (p > 0.05; Table I)  suggests that  5-ami- 
nosalicylic acid is not subject to first-pass liver metabolism and that its 
systemic elimination is capacity limited. The lack of an effect of the in- 
traperitoneal administration rate on drug biotransformation after the 
25-mg/kg dose (Table 11) suggests that systemic 5-aminosalicylic acid 
elimination is linear a t  or below this dosage level. 


Dose-dependent decreases in the extent of 5-aminosalicylic acid me- 
Labolism were also observed after oral administration ( F 3 , 1 ~  = 10.8, p < 
0.001; Table I). The drug fraction converted to the acetylated metabolite 
after the 25- and 50-mg/kg PO doses were greater than those observed 
after comparable intraperitoneal and intravenous doses (p < 0.05, 
Tukey's multiple range tests; Table I). These findings suggest that 5- 
aminosalicylic acid is subject to capacity-limited presystemic (gut wall) 
and systemic acetylation after oral administration. Based on the average 
metabolic data presented in Table I, the extent of acetylation by the in- 
testinal epithelium was estimated to be -25-28% of a 25- or 50-mg/kg 
po dose. The N-acetyltransferase enzyme systems a t  the presystemic site 
appear to be nearly saturated after a 200-mg 5-aminosalicylic acidkg dose 
(F2.9 = 0.579, p > 0.1; Table I). 


The ability of enzyme systems present in the intestinal epithelium to 
acetylate the structurally related drugs p-aminobenzoic acid and p- 
aminosalicylic acid in uitro is well documented (20,21). p-Aminobenzoic 
acid (22) and p-aminosalicylic acid (23,24) are also subject to capacity- 
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Table 11-Effect of Administration Rate on 5-Aminosalicylic 
Acid Biotransformation in Fasting Rats 


Urinary Excretion in 48 hr 


Total Recovery, salicylic Acid, 
N-Acetyl-5-amino- 


70 of totala 70 of dose 
Rat Regimen A b  R eeimen Bc Reeimen A b  R eeimen Be 


1 99.3 104 58.2 53.8 
2 104 103 63.4 57.4 
3 105 98.2 43.7 42.8 
4 94.4 99.0 51.6 51.1 
Mean 101 101 54.2 51.3 
SE 2.4 1.4 4.3 3.1 
Paired N.S. ( p  > 0.8) N.S. ( p  > 0.1) 


1 test 


a Free and acetylated 5-aminosalicylic acid. Regimen A = single 25 mgkg ip 
dose. 


limited acetylation during their intestinal absorption in humans. Studies 
are currently in progress to determine whether a food-induced decrease 
in the gastric emptying rate can, by decreasing the rate of 5-amindicylic 
acid absorption, further increase the extent of gut wall metabolism. 


These results demonstrate that orally administered 5-aminosalicylic 
acid is subject to both capacity-limited gut wall and systemic metabolism. 
A similar capacity-limited presystemic metabolic profile for 5-amino- 
salicylic acid may exist after oral administration of sulfasalazine to pa- 
tients with ulcerative colitis and Crohn’s disease. If N-acetyl-5-amino- 
salicylic acid is inactive or less active than 5-aminosalicylic acid (a pos- 
sibility remaining to be explored), then the time course of local anti- 
inflammatory activity may be affected. 


Regimen B = 8.33 m g k g  ip every 20 min for three doses. 
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Abstract 4-Acetoxy - 1,2,3,4 - tetrahydro - 2,2-dimethyl-6,7-methy- 
lenedioxyisoquinolinium iodide, an analog of acetylcholine, was syn- 
thesized and a pharmacological profile of its GI effects waa compiled. The 
agent inhibited dog colonic contraction in response to pelvic nerve 
stimulation and to acetylcholine. In rats, the compound markedly re- 
duced gastric acid output and the volume of gastric secretions. The lack 
of inhibition of chromodacryorrhea production in response to carbachol 
indicates a lack of anticholinergic action. The agent failed to affect the 


acute inflammatory response of the rat hindpaw in response to carra- 
geenan. The precursor of the compound was ineffective in the phnrma- 
cological tests. 


Keyphrases Acetylcholine analogs-synthesis, pharmacodynnmics, 
structure-activity relationships 0 Cholinergic agents-acetylcholine 
analogs, synthesis, phmacodynamics, structure-activity relationship 


Structure-activity relationships-acetylcholine analogs 


As part of a program directed toward the synthesis of 
novel GI agents, an acetylcholine analog was desired in 
which the tetraalkylammonium function of the molecule 
wm incorporated as part of a rigid annular system. Ac- 


ctimeth~l-6,7-meth~lenedioxyisoquinolini~ iodide (1) 
devised. 


DISCUSSION 
Reaction of the previously reported (1) 4-hydroxy-6,7-methylenedi- 


oxy-1,2,3,4-tetrahydroisoquinoline (11) with methyl iodide gave the 
quaternary Compound 111 which, upon treatment with acetic anhydride, 
afforded the racemic acetylcholine analog I. 


min), antagonism of colonic contractions in response to intermittent 
pelvic nerve stimulation (2). In addition, acetylcholine-induced con- 


cordingly, a route to 4-acetoxy-1929394-tetrahydro-292- Compound I, 10 mgkg iv in three dogs, caused marked, but brief (20 
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Abstract Acid neutralization by mixtures of aluminum hydroxycar- 
honate gel and magnesium hydroxide gel differs from the sum of the acid 
neutralization of each gel. Acid neutralization by magnesium hydroxide 
gel in the mixture is not observed until after a substantial portion of the 
aluminum hydroxycarbonate gel has reacted with acid, even though 
magnesium hydroxide gel is the faster reacting of the two gels. It is hy- 
pothesized that amorphous aluminum hydroxycarbonate forms a coating 
on the crystalline magnesium hydroxide particles due to electrostatic 
attraction. This coating prevents protons from .reaching the highly re- 
active magnesium hydroxide until the coating is dissolved by the acid 
neutralization of‘ aluminum hydroxycarhonate. 


Keyphrases Aluminum hydroxycarbonate gel-acid neutralization, 
effect of interaction with magnesium hydroxide gel 0 Magnesium hy- 
droxide gel-acid neutralization, effect of interaction with aluminum 
hydroxycarhonate gel Antacid-aluminum hydroxycarbonate, 
magnesium hydroxide, effect of interaction on acid neutralization 


Aluminum hydroxycarbonate gel (1) and magnesium 
hydroxide gel are formulated in combination in many 
antacid products. Aluminum hydroxycarbonate gel ex- 
hibits antacid activity only when amorphous. With aging, 
order develops in the amorphous structure, which reduces 
the acid reactivity and ultimately leads to the formation 
of an inactive crystalline state (2,3). 


A chemical property of aluminum hydroxycarbonate gel 
that makes it useful as an antacid is its ability to maintain 
pH 3.5-4.0 while reacting with acid (4). Aluminum hy- 
droxycarbonate is not systemically absorbed and, aside 
from causing constipation, is free of side effects (5).  


BACKGROUND 


The solid phase of magnesium hydroxide gel has a crystalline structure 
known mineralogically as brucite. However, in contrast to the behavior 
of crystalline aluminum hydroxide, the crystalline magnesium hydroxide 
gel rapidly reacts with acid (6). Due to its well-ordered crystal structure, 
it exhihits excellent stability. 


Magnesium hydroxide gel reacts with acid a t  a constant pH of 8.0-8.5. 
This pH is not as desirahle as the one maintained during acid neutral- 
ization by aluminum hydroxycarbonate gel and, therefore, magnesium 
hydroxide gel is not frequently used as an antacid. In addition, magne- 
sium ion produced during acid neutralization may be systemically ah- 
sorbed, so a warning to patients with kidney disease is required (5 ) .  
Magnesium ion also causes a cathartic eff‘ect, which balances the action 
(it’ aluminum hydroxide gel on the intestine and provides the rationale 
for combining aluminum hydroxycarbonate gel and magnesium hy- 
droxide gel in antacid products. 


The addition of less than stoichiometric amounts of acid does not lower 
the pH of magnesium hydroxide gel below 8. However, a mixture of alu- 
minum hydroxycarbonate gel-magnesium hydroxide gel drops to -pH 
4 after the addition of a relatively small amount of acid. Furthermore, 
it remains a t  -pH 4 even when more acid is added (7). This behavior 
suggests an interaction between the amorphous aluminum hydroxycar- 
bonate and the crystalline magnesium hydroxide gels. The investigation 
was undertaken to study this interaction, with emphasis 011 its effect on 
acid neutralization. 


EXPERIMENTAL 


Materials-Aluminum hydroxycarbonate gel containing the equiv- 
alent of 4% A1203 was prepared by the reaction of aluminum chloride, 
sodium bicarbonate, and sodium carbonate to a final pH of 6.5 (8). 


Magnesium hydroxide gel’ was obtained commercially, and a gel 
containing the equivalent of 7% MgO was prepared by dilution. 


All chemicals were either official or reagent grade. 
Preparation of Gel Mixtures-Mixtures of‘ aluminum hydroxycar- 


honate gel and magnesium hydroxide gel containing 0.6 mmole of metal 
ion/g were prepared on a weight basis. For example, a 200-g mixture with 
a 5:l molar ratio of magnesium to aluminum was prepared by weighing 
magnesium hydroxide gel, and aluminum hydroxycarbonate gel con- 
taining 100 mmoles of magnesium and 20 mmoles of aluminum, respec- 
tively. The final weight of the mixture was adjusted to 200 g with dou- 
ble-distilled water, and the mixture was stirred mechanically until uni- 
form. 


Analytical Procedures-The aluminum and magnesium contents 
of the mixtures were determined by chelatometric titration (9). 


The acid-neutralization reaction was monitored by an automated2 
pH-stat titration (10). For a typical pH-stat titration, 20 ml of douhle- 
distilled water was added to the reaction flask and brought to pH 3.0. An 
accurately weighed gel mixture sample, which would theoretically neu- 
tralize 2.25 meq of acid, was added; the recorder was started simulta- 
neously. The cumulative amount of acid needed to  maintain pH 3.0 was 
recorded as a function of time. 


Atomic absorption spectrophotometry was employed to determine the 
concentrations of aluminum and magnesium ions in solution during acid 
neutralization. The pH-stat titration was halted a t  various times, the 
reaction medium was filtered quickly through a 0.22-pm filter, and the 
filtrate was analyzed for aluminum and magnesium. 


RESULTS 


Characteristic pH-stat titrigrams of aluminum hydroxycarbonate gel 


Kerkhof et al. (10) characterized the pH-stat titrigram of an aluminum 
and magnesium hydroxide gel are shown in Fig. 1. 


I HydroMagma. Merck & Co., Rahway, N.J. * PHM 26, TTT 11, ABU 12 (2.5 ml), T T A  8, SBR 2, Radiometer, Copenhagen, 
Denmark. 
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MINUTES 
Figure 1-The pH-stat titrigrams at pH 3.0 of magnesium hydroxide 
gel ( A )  and aluminum hydroxycarbonate gel with the three phases of 
the neutralization reaction indicated as described by Kerkhof et al. (10) 
( R ) .  


hydroxycarbonate gel as consisting of three phases. The first phase rep- 
resents a rapid reaction, which exceeds the maximum rate of acid addition 
and is attributed to the neutralization of free hydroxyl and carbonate as 
well as t o  small aluminum hydroxycarbonate polymers. Additional car- 
bonate reacts in the second phase, which disrupts the polymeric structure 
and permits the rapid neutralization observed in the third phase. 


The pH-stat titrigram of magnesium hydroxide gel exhibits a single 
high reactivity phase. 


The pH-stat titrigram of a mixture of aluminum hydroxycarbonate 
gel and magnesium hydroxide gel shows four phases (Fig. 2). The first 
phase is a period of relatively rapid acid neutralization. Close examination 
of Phase I reveals three phases similar to those observed for aluminum 
hydroxycarbonate gel. Phase 11, a lag phase, is a period of minimal acid 
reactivity. Phase I11 is characterized by a very rapid rate of acid neu- 
tralization, as is seen in the magnesium hydroxide gel titrigram. Phase 
IV represents the termination of the reaction and may be characterized 
either by an immediate cessation in acid neutralization or by a prolonged 
period of slow neutralization. 


The pH-stat titrigram obtained when an aluminum hydroxycarbonate 
gel and a magnesium hydroxide gel were injected simultaneously into the 
pH-stat reaction vessel so that the gels were not mixed prior to the neu- 
tralization reaction is shown in Fig. 3A. The titrigram shows a phase of 
very rapid acid reactivity followed by slower neutralization during the 
termination phase. The aluminum hydroxycarbonate gel and the mag- 
nesium hydroxide gel appear to react simultaneously, with the neutral- 
izatinn reactions being additive. 


A quite different neutralization reaction occurred if the aluminum 
hydroxycarhonate gel and magnesium hydroxide gel were mixed prior 
to being introduced into the pH-stat reaction vessel. A contact time of 
only 15 min prior to testing resulted in a four-phase titrigram (Fig. 36) 
similar to the titrigram seen for mixtures of aluminum hydroxycarbonate 
gel and magnesium hydroxide gel (Pig. 2). 


Clearly, an immediate interaction takes place between the aluminum 
hydroxycarbonate gel and the magnesium hydroxide gel, which yields 
a pH-stat titrigram that cannot be interpreted in terms of the simple sum 
of the acid reactivities of the two gels. 


The acid reactivity of a 5 1  magnesium-aluminum molar ratio mixture 
of magnesium hydroxide gel and aluminum hydroxycarbonate gel was 
examined a t  different pH values along with the acid reactivity of each 
gel. Figure 4 compares the effect of pH on the acid-neutralization reac- 
tions of aluminum hydroxycarbonate and magnesium hydroxide gels. 


Magnesium hydroxide gel reacts very rapidly a t  pH 3.0 and 4.5. Since 
magnesium hydroxide is not precipitated by base below pH 9.5 (11). the 
difference in the driving force for dissolution between neutralization 
reactions a t  pH 3.0 and 4.5 would he expected to be relatively small. 


The pH-stat titrigram for aluminum hydroxycarbonate gel a t  pH 3.0 


0.ol I I I I J 
0.0 6 12 18 24 30 


MINUTES 
Figure 2-The pH-stat titrigram at pH 3.0 of a 5:1 magnesium-alu- 
minum molar ratio mixture of aluminum hydroxycarbonate gel and 
magnesium hydroxide gel with the four phases of the neutralization 
reaction indicated. 


shows that the theoretical amount of acid is neutralized. However, neg- 
ligible acid is neutralized by aluminum hydroxycarbonate gel a t  pH 4.5. 
Since aluminum hydroxycarbonate gel may he precipitated a t  a pH as 
low as 4 (12), the relative difference in the forces causing the aluminum 
hydroxycarbonate gel dissolution are great between pH 3.0 and 4.5. Rapid 
aluminum hydroxycarhonate dissolution would not be expected at  a pH 
where precipitation of aluminum hydroxycarbonate may occur. 


Titrigrarns of the aluminum hydroxycarbonate gel-magnesium hy- 


I L I I 1 
2 4 6 8 10 


MINUTES 
Figure 3-The pH-stat titrigrams at pH 3.0 of a 5:l molar ratio mag- 
nesium hydroxide gel and aluminurn hydroxycarbonate gel mixture. 
Key: A. gels injected simultaneously into the reaction vessel without 
premixing; and R, gels mixed for 15 min before injection of the mixture 
into the reaction vessel. 
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Figure 4-The pH-stat titrigrams of magnesium hydroxide gel at pH 
3.0 ( A )  and 4.5 ( R )  and of aluminum hydroxycarbonate gel at pH 3.0 
(C) and 4.5 ( D ) .  


droxide gel mixture were obtained a t  pH 1.5-4.5. Figure 5 shows that the 
titrigram retains its four-phase profile between pH 1.5 and 4.25 and that 
the time required for neutralization increases substantially as the pH 
approaches 4.5. 


However, the neutralization reaction of the mixture a t  pH 4.5 showed 
no increase in acid neutralization, even after 6 hr. Although aluminum 
hydroxycarbonate gel was expected to  be unreactive a t  pH 4.5, the 
magnesium hydroxide gel exhibited rapid reactivity a t  pH 3.0 and 4.5 
(Fig. 4). 


The total amount of acid neutralized by the mixtures was the sum of 
the acid neutralized by each component for pH 1.5-4.0. The aluminum 
hydroxycarbonate became unreactive at pH 4.5, as did the mixture of 
aluminum hydroxycarbonate gel and magnesium hydroxide gel, even 
though individually the magnesium hydroxide reacted completely with 
acid a t  this pH (Pig. 4). 


Figure 5-The pH-stat titrigrams of 5:l molar ratio mixtures of mag- 
nesium hydroxide gel and aluminum hydroxycarbonate gel at pH 1.5 
( A ) ,  2.0 ( R ) ,  2.5 (C), 3.0 ( D ) ,  3.5 (E), 4.0 (F), 4.25 ( C ) ,  and4.5 ( H ) .  


A B C  0 E 


.O 6 12 18 24 
MINUTES 


Figure 6-The pH-stat titrigrams at pH 3.0 of mixtures of aluminum 
hydroxycarbonate gel and magnesium hydroxide gel of various molar 
ratios of magnesium to aluminum. Key: A, 1:5; R,  1:2; C, 1:l; D. 2:l; and 
E ,  5: l .  


The pH-stat titrigrams of five aluminum hydroxycarbonate gel and 
magnesium hydroxide gel mixtures containing 0.6 mmole of metal/g a t  
various magnesium to aluminum molar ratios are compared in Fig. 6. A 
direct relationship is seen between the magnesium to atuminum ratio of 
the gel mixture and the ratio of the amounts of acid neutralized during 
Phases 111 and I. In each case, the aluminum hydroxycarbonate geI ap- 
pears to react with acid before the magnesium hydroxide gel reacts. 


The liberation of aluminum and magnesium ions during the pH-stat 
neutralization a t  pH 3.0 of an aluminum hydroxycarbonate gel-magne- 
sium hydroxide gel mixture was monitored by atomic absorption spec- 
trophotometry. The milliequivalents of each metal ion in solution were 
compared to the milliequivalents of acid neutralized (Fig. 7). The mag- 
nesium-ion concentration did not begin to increase until virtually all of 
the aluminum was in solution. The total milliequivalents of metal ion in 
solution showed the expected 1:l relationship to the milliequivalents of 
acid neutralized. 


DISCUSSION 


The pH of the aluminum hydroxycarbonate gel and magnesium hy- 
droxide gel mixtures ranged from 8.0 for the 1:5 magnesium-aluminum 
molar ratio mixture to 8.6 for the 51 magnesium-aluminum molar ratio 
mixture. The magnesium hydroxide gel pH was 10.3, while the aluminum 
hydroxycarbonate gel was precipitated to pH 6.5. 


The apparent surface charge of a particle in suspension is determined 
by the isoelectric point or zero point charge. The apparent surface charge 
is negative when the pH is above the zero point charge and positive if the 
pH is below the zero point charge (13). 


The isoelectric point of magnesium hydroxide gel was reported as pH 
12 (14). A t  the pH of the gel mixtures, the magnesium hydroxide surface 
would be expected to have a net positive charge. 


Isoelectric points from pH 6.3 t o  9.1 were reported for aluminum hy- 
droxide (15-18) as a result of the diverse nature of the substance com- 
monly termed aluminum hydroxide. Schott (17) recently reported an 
isoelectric point of 8.5 for aluminum hydroxide but was very careful to 
exclude coordinating anions from the aluminum hydroxide. According 
to Parks (13), anions such as those found in aluminum hydroxide gels with 
desirable acid reactivity for use as antacids substantially lower the iso- 
electric point. Thus, a t  the pH of the gel mixtures, the aluminum hy- 
droxycarbonate surface would be expected to be negative. 


I t  is hypothesized that the electrostatic attraction between the alu- 
minum hydrocarbonate gel and the magnesium hydroxide gel causes 
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MILLIEQUIVALENTS OF ACID ADDED 
Figure 7-Milliequiualents of metal ion liberated during pH-stat ti- 
tration at pH 3.0 of a 5:l magnesium-aluminum molar ratio mixture 
of aluminum hydroxycarbonute gel and magnesium hydroxide gel. Key: 
A ,  milliequivalents of magnesium ion in solution; 0, milliequiualents 
of aluminum ion in solution; and 0, total milliequiuaknts of magnesium 
and aluminum ions in solution. 


agglomeration in the gel mixtures. Treadwell and Bernasconi (19) pro- 
posed an adsorption bonding of this type. Thus, the amorphous alumi- 
num hydroxycarbonate would form a coating on the crystalline brucite 
magnesium hydroxide gel. The aluminum hydroxycarbonate coating 
would prevent protons from reaching the highly reactive brucite until 


the coating dissolves due to acid neutralization of the aluminum hy- 
droxycarbonate. As was observed in the pH-stat titrigrams of mixed 
aluminum hydroxycarbonate-magnesium hydroxide gels, the acid neu- 
tralization will occur more slowly than expected due to the coating of the 
faster reacting magnesium hydroxide gel by the slower reacting aluminum 
hydroxycarbonate gel. 


REFERENCES 


(1) C. J. Serna, J. L. White, and S. L. Hem, J. Pharm. Sci., 67,1144 


(2) S. L. Nail, J. L. White, and S. L. Hem, ibid., 65.231 (1976). 
(3) Ibid., 65.1192 (1976). 
(4) S. L. Hem, J .  Chem. Educ., 52,383 (1975). 
(5) Fed. Regist., 39 (1081,19875 (June 4, 1974). 
(6) C. J. Serna, J. L. White, and S. L. Hem, J. Pharm. Sci., 67,324 


(7) J. F. Morrissey and R. F. Barreras, N .  Engl. J .  Med., 290, 550 


(8) S. L. Hem, E. J. Russo, S. M. Bahal, and R. S. Levi, J.  Pharm. Sci., 


(9) “The United States Pharmacopeia,” 19th rev., Mack Publishing 


(10) N. J. Kerkhof, R. K. Vanderlaan, J. L. White, and S. L. Hem, J. 


(11) R. C. Turner and J. E. Brydon, Science, 136,1052 (1962). 
(12) G. J. Ross and H. Kodama, Am. Mineral., 52,1036 (1967). 
(13) G. A. Parks, Chem. Reu., 65,177 (1965). 
(14) S. Mattson and A. J. Pugh, Soil Sci. ,  38,229 (1934). 
(15) R. Fricke and H. Keefer, Naturforsehung, 4A, 76 (1949). 
(16) S. Mattaon, Soil Sci., 30,459 (1930). 
(17) H. Schott, J .  Pharm. Sci., 66,1548 (1977). 
(18) N. Tewari and S. Ghosh, Kolloid-Z., 138,93 (1954). 
(19) W. D. Treadwell and E. Bernasconi, Helu. Chim. Acta, 13,500 


(1978). 


(1978). 


(1974). 


59,317 (1970). 


Co., Easton, Pa., 1975, p. 290. 


Pharm. Sci., 66,1528 (1977). 


(1930). 


ACKNOWLEDGMENTS 


Supported in part by an American Foundation for Pharmaceutical 


This report is Journal Paper 7558, Purdue University Agricultural 
Education Fellowship to R. K. Vanderlaan. 


Experiment Station, West Lafayette, IN 47907. 


Simple 


NEAL C. 


Epoxide Analogs of Trichothecans 


CORBIN, PHILLIP FRAHER, and JAMES D. McCHESNEY *x 


Received January 15,1979, from the Department of Medicinal Chemistry, School of Pharmacy, University of Kansas, Lawrence, KS 
66045. 
Mississippi, University, MS 38677. 


Accepted for publication June 21,1979. ‘Present address: Department of Pharmaccignosy, School of Pharmacy, University of 


Abstract To define clearly the epoxide grouping role in trichothecan 
biological activity, a series of hindered epoxides was prepared. They 
possessed a,@’-substitution reminiscent of the epoxide environment of 
the natural products. None of these analogs demonstrated biological 
activities similar to the natural toxins. 


Keyphrases 13 Trichothecans-epoxide analogs, structure-activity 
relationships, toxicity 0 Fungistatic agents-trichothecans, epoxide 
analogs, structure-activity relationships, toxicity 


Trichodermu ( 2 ) .  Continued work with these materials led 
to the isolation in pure form of one of these principles; it 
was named trichothecin (3). Since that time, many related 
compounds have been isolated and characterized and are 
collectively known as the trichothecans (I), a name coined 
for the ring system possessed by all of these materials 
(4). 


In 1946, as part of a program to discover new antibiotics, 
a highly fungistatic principle was isolated from a culture 
filtrate of Metarrhiziurn glutinosum S .  Pope (1). This 
principle was highly irritating to human skin. Similar 
agents were produced by various microorganisms, in- 
cluding Trichotheciun roseum and species of Fusaria and 


BACKGROUND 


All trichothecans contain a 12,13-epoxy group, a 9,lO-double bond, and 
the 4-fl-hydroxyl. The simplest of the group, trichodermin (II), contains 
an acetate ester and only functionalities characteristic of all trichothe- 
cans. The mast complex materials contain a fifth, macrocyclic ring, which 
is formed uia esterification of hydroxyls a t  positions 4 and 15 by a long 
chain diacid. 
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Abstract 0 Methods are described for the synthesis of dinoprost Cg- and 
CIS-monoesters using protective groups. Esters a t  Cy were synthesized 
by acylation of dinoprost 1 1,15-bis(tetrahydropyran-2-yl)ether followed 
by acid-catalyzed protective group removal. Esters a t  CIS were synthe- 
sized by initial formation of the protected intermediate, dinoprost 
9.1 1-n-butylboronate, followed by acylation and hydrolytic protective 
group removal. Many esters were active in uiuo in the hamster antifertility 
screen. Plasma hydrolysis studies showed that the CIS-esters were more 
readily cleaved than the Cg-esters. In uiuo studies in the rat showed that 
both the Cy- and CIS-esters resulted in urinary excretion of 5a,7a-dihy- 
droxy-1 l-ketotetranorprosta-l,l6-dioic acid in amounts comparable to 
those obtained after dosing with dinoprost, indicating that ester hy- 
drolysis occurred in uiuo. 


Keyphrases 0 Dinoprost-prodrugs, Cy- and CIS-monoesters, synthesis, 
bioactivity 0 Prostaglandins-dinoprost, prodrugs, Cg- and CIS-mo- 
noesters, synthesis, bioactivity Prodrugs-dinoprost, Cg- and CIS- 
monoesters, synthesis, bioactivity 


Previously, methods were described for the synthesis 
of aromatic and aliphatic prostaglandins C1-esters, and the 
utility of these prodrugs in improving solid-state stability 
and oral absorption was reported (1, 2). This report de- 
scribes synthetic routes for dinoprost Cg- and CIS-mo- 
noesters and an evaluation of ester bioactivity. 


EXPERIMENTAL 


Materials and Methods-Dinoprost and dinoprost 11,15-bis(tet- 
rahydropyran-2-yl)ether (1)' (3) were pure by silica gel TLC. The acid 
chlorides were obtained commercially2. Pyridine (analytical reagent) was 
dried over molecular sieves3 for I week prior to use. All other solvents were 
glass-distilled qualitfl. 


Column chromatography was conducted on 0.063-0.2-mm silica gel5. 
Silica gel TLC was conducted on 250-pm layer plates6, and visualization 
was by spraying the developed plates with aqueous 15% ammonium 
sulfate followed by charring on a hot plate. Prostaglandin ester mass 
spectra were obtained7 for ( a )  the trimethylsilyl derivative, ( b )  the 
CI-methyl ester of the trimethylsilyl derivative, and ( c )  the nonderiva- 
tized compound. The methyl esters were obtained using diazomethane, 
and the trimethylsilyl derivatives were obtained with a mixture of 


I Supplied by the Research Division, The Upjohn Co. 
2 Aldrich Chemical Co., Milwaukee, Wis., and Eantman Kodak Co., Rochester, 


3 Beads, 10-16 mesh, 4 A, Davison Chemical Co., Baltimore, Md. 
4 Burdick & Jackson Co., Muskegon, Mich. 
5 Silica gel 60, EM Laboratories, Elmsford, N.Y. 
6 Uniplate, Analtech Inc., Newark, Del. 


N.Y. 


LKB 9OOO mass spectrometer. 


hexamethyldisilazane - trimethylchlorosilane - bis(trimethylsilyl)acet- 
amide-pyridine (2:2:1:5). 


Synthesis-Representative ester syntheses are described. The other 
esters were synthesized similarly. 


Dinoprost 9-n-Butyrate (IIIb)-A solution of 100 mg of I (3) in a 
mixture of 0.5 ml of butyric anhydride and 1 ml of pyridine was allowed 
to  stand a t  room temperature for 24 hr. Upon solvent removal a t  45' 
under vacuum, the residue was dissolved in 50 ml of acetone-acetic 
acid-water (1:l:l). After 24 hr a t  40'. the solvent was removed and the 
residue was subjected to column chromatography on 75 g of silica gel. 
Elution was achieved with ethyl acetate-acetic acid (97:3), and the 
product fractions were identified by silica gel TLC with the same solvent 
system. Evaporation of the pooled product fractions gave 51 mg of a 
colorless oil, which was pure by TLC. 


Dinoprost 15-Acetate (VIIIa)-A solution of 48.4 mg (0.137 mmole) 
of IV and 24 mg (0.236 mmole) of n-butylboronic acid in 2 ml of dry 
pyridine was allowed to stand a t  room temperature for 1 hr. Acetic an- 
hydride, 2 ml, was added; after 24 hr a t  room temperature, 3 ml of water 
was added and the solvent was removed a t  45' under vacuum. The re- 
sidual oil was dissolved in 50 ml of ethyl acetate and extracted with 50 
ml of 0.2 M citrate buffer, pH 3.0. 


The organic phase was dried over sodium sulfate; upon solvent removal, 
the residue was subjected to column chromatography on 50 g of silica gel. 
Elution was achieved with ethyl acetate-acetic acid (97:3). The product 
fractions were identified by TLC; upon solvent removal, 25.3 mg of a 
colorless oil was isolated. 


Biological Activity-The ester activity was studied in the gerbil colon 
assay, the rat pressor blood pressure assay, and the hamster antifertility 
assay (subcutaneous administration) as described previously (1,4). 


Plasma Hydrolysis-Standard aqueous solutions (0.1 ml) of dino- 
prost, the 9-acetate (IIIa), the 15-acetate (VIIIa), the 9-n-butyrate (IIIb), 
and the 15-n-butyrate (VIIIc) containing quantities in terms of IV 
ranging from 5 to 20 X lo3 ng/ml were incubated separately with 0.05 ml 
of' each of the following: ( a )  saline solution, (b )  heparinized rat plasma, 
( c )  heparinized monkey plasma, and (d) heparinized human plasma. 
After 2 hr a t  37', the affinity of each incubated sample for anti-dinoprost 
serum was determined using a double antibody radioimmunoassay (5). 
Relative cross-reactivity was calculated by comparing the amount of the 
compound required to displace 50% of the label with the amount of IV 
required. Increased antibody affinity occurred as ester hydrolysis pro- 
ceeded to yield IV. 


In Vivo Metabolism-Mature Sprague-Dawley female rats were 
injected subcutaneously with one of the following: I, IIIa, VIIIa, IIIb, 
Vlllc, and the vehicle as the control. The compounds were administered 
in amounts equivalent to 1 mg of IV dissolved in 0.5 ml of vehicle con- 
sisting of polyethoxylated vegetable oils-ethanol-5% aqueous dextrose 
(1: 1:8). 


The animals were kept in metabolism cages, and total urine volumes 


~~ 


8 Emulphor EL-620, CAF Corp., New York, N.Y. 
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Table I-Mass Spectral  Data  of Dinoprost Esters a 
~~ 


Derivative 
Com- Employed for 
pound Formula Mass Spectrometryb Key Mass Spectral Ions ( m / e )  


IIIa C‘L?HR~~OG A 


IIIb C24H4u06 A 


lIIc C28H4~013 €3 336 (M+ - C7Hl,COOH), 318 (M+ - C7H15COOH - HzO) 
IIId CszHsfi0fi A 


597 (M+ - CH:I), 552 (M+ - CHXCOOH), 537 (M+ - CH:I - CHnCOOH), 
462 M+ - CH3COOH - (CH:JnSiOH 


462 (M+ - C:lH&OOH - (CH:1)3SiOH] 
625 (d+ - CHB), 552 (M+ - C3H7COO 4 ), 537 (M+ - CHs - CsH-&OOH), 


752 (M+), 737 (Mt - CH:,), 681 (M+ - C5Hll). 662 [M+ - (CHhSiOHJ 
VIIIa C22HsfiOfi A 612 (M+), 552 (Mt - CH:lCOOH), 537 (M+ - CHs - CHsCOOH), 


VIIIb CP:IH:IHOG B 386 (M+ - CZHSCOOH), 318 (M+ - CsHsCOOH - H20) 
VIIIc C24H4u06 A 
Vll ld  CmH420fi H 336 (M+ - CJHgCOOH), 318 (M+ - C4HgCOOH - H20) 


VlIIf GuHa20fi H 
VIIIg C:ifiH&i B 318 (M+ - ClsH:llCOOH - HrO), 300 (M+ - ClsH:lICOOH - 2Hz0) 


462 (M+ - CHtICOOH - (CH:,):lSiOH] 


640 (M+), 552 (M+ - C:lH7COOH), 537 (M+ - CH:r - C:IH~COOH), 481 (-CaH7COOH - CsHI1) 


VIIIe C‘LFH.I~OR C 610 (M+), 595 (M+ - CH:t), 579 (M+ - OCH:3), 520 (M+ - (CH:I)$iOH], 494 (M+ - CsHllCOOH) 
3% (M+ - CgH,&OOH), 318 (M+ - CyHlgCOOH - HzO), 300 (M+ - CyH1gCOOH - 2H20) 


0 ‘I‘he c[,rnp[,ut,ds were liquids, except 111c (mp 55.9-60.5’). A = trimethylsilyl derivative. H = no derivatization. and C = C,-methyl ester trimethylsilyl deriva- 
live. 


were collected over 2 days. Each 24-hr urine sample was assayed for 
5cu,’7cu-dihydroxy-l1 -ketotetranorprosta-l,l~~dioic acid (IX), an ultimate 
major urinary IV metabolite (6), using the radioimmunoassay and the 
antibody specific for this compound (7). 


RESULTS AND DISCUSSION 


Synthesis-Since selective monoesterification of dinoprost (IV) with 
acid anhydrides or acid chlorides in pyridine was not possible, protective 
groups were necessary (8). 


The Cg-esters (111) were synthesized by reacting the 11,15-bis(tet- 
rahydropyran-2-yl)ether ( I )  (3) with an acid anhydride or an acid chloride 
in pyridine a t  room temperature (Scheme I). Only the acetate ester could 
he synthesized uia the acid anhydride in high yields (>go%) a t  room 
temperature in 24 hr, and acid chlorides were required for the synthesis 
of the higher esters a t  room temperature. 


I 
0 
II 
Rc-? 0 


=-OH 


0 
ti 


K-C-0 


I1 


0 


acetic acid - 
HZO 


b H  AH 
IIIa: R = CH, 
IIIb: R = n-C,H, 
IIIc: R = n-C,Hl, 
IIId: R = n-CI1H23 


Scheme I 


Ht) b H  
Iv 


0 
II 


( K - C w  


0 
HO 


\ 
+ /B-n-C4Hy - 


HO 
V 


0 


VI 


0 


VII 
HO 0 


VIIIa: R = CH, 
VIIIb: R = C,H, 


VIIIe: R = n-C,H, I 


VIIIg: R = C,,H,, 


VIIIC: R = n-C3H, 
VIIId: R = n-C,H, 


VIIIf: R = n-C,H,, 


Scheme 11 


Tetrahydropyranyl protective group removal from ester I1 was 
achieved with aqueous acetic acid, and the resulting Cg-esters (111) were 
purified by column chromatography. 


The Cls-esters (VIII) were synthesized by initial protection of the Cg- 
and CIS-hydroxyl groups with n-butylboronic acid (V) (9) (Scheme 11). 
The reaction proceeded rapidly a t  room temperature (15-60 min) in the 
presence of a 1-2-mole excess of n-butylboronic acid to give the cyclic 
9,11-boronate ester (VI). 


Compound VI formation generally was quantitative, as evidenced by 
GLC upon trimethylsilylation of a reaction mixture aliquot. Occasionally, 
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Table 11-Bioloaical Activitv of Dinoorost Esters Table  IV-Total Daily Urinary Metabolite I X  Excretion 
(Micrograms) in Rats  Dosed Subcutaneously a 


Hamster Antifertility" 
Percent 


Rat 
Blood 


Non- Dose, Gerbil Pressure 
Compound pregnant pg/animal Colonb (Depressor)c 


IIIa 50 125 0.03-0.1 0.01-0.03 
IIIb 75 125 0.03-0.1 0.01-0.03 
IIIC 100 200 <0.001 0.003-0.01 
IlId 17 100 0.01-0.03 0.03-0.1 


VIlIa 75 125 0.1-0.3 0.3-1 
VIIIb 0 100 0.01-0.3 0.3-1 
VIIIC 83 125 0.03-0.1 0.3-1 
VIIId 17 100 0.1-0.3 n.3-1 
VllIe 33 100 0.01-0.03 0.3-i 
VIlIf 0 100 0.08-0.1 0.3-1 
VIIIg 0 I00 0.001-0.003 0.3-1 


Administered subcutaneously. The minimum effective dose for loo40 inhibition 
The dinoprost (IV) activity score in this 01' pregnancy was 100 pg of IV/animal. 


assay was 2. Prostaglandin El = 1 .  Dinoprost = 1 .  


a larger (3-5 mole) excess of n-butylboronic acid had to be employed to 
provide a quantitative reaction, presumably due to the inhibition by trace 
moisture contamination. Silica gel TLC was ineffective in monitoring 
the reaction since severe streaking occurred due to apparent VI hydrolysis 
during chromatography. 


Compound VI esterification with an acid anhydride proceeded 
smoothly to give the protected CIS-esters (VII). After hydrolysis with 
water, the CIS-esters (VIII) were isolated by column chromatography. 


All Cg- and (215-esters were isolated as oily liquids, except Cg-n-octa- 
noate (IIIc), which was a solid, mp 55.9-60.5'. The ester structures were 
confirmed by mass spectral analysis of the trimethylsilyl derivatives, and 
the fragmentation patterns supported the structures (Table I). 


Biological Activity-The biological activity of the esters in three test 
systems (1,4) is summarized in Table 11. In the hamster antifertility assay, 
the minimum effective dose for 100% pregnancy inhibition was 100 
pg/animal for IV; the assay results indicate significant Cs-ester activity 
a t  the dosage level tested. In the &-ester series, VIIIa and VIIIc-VIIIe 
showed significant activity; VIIIb, VIIIf, and VIIIg were inactive. 


In the gerbil colon assay, IV had an activity score of 2. The biological 
data show that the Cg- and CIS-esters displayed activities significantly 
less than the parent compound. 


In the rat blood pressure assay, the pressor activity of VIIIa-VIIIg 
approached that of IV whereas IIIa-IIId were significantly less active. 


lo Vitro and In Vivo Hydrolysis-The cleavage of the acetate and 
n-butyrate esters IIIa, IIIb, VIIla, and VIIIc was studied both in uitro 
and in uiuo. The in uitro studies were conducted by equilibrating the 
esters with rat, monkey, and human plasma for 2 hr a t  37'. Hydrolysis 
was measured by the radioimmunoassay using the antibody specific for 
IV (5). The percent hydrolysis was determined by comparing the assay 
response of the esters to that of an equimolar amount of IV treated sim- 
ilarly. The results (Table 111) showed that the 9-acetate (IIIa) and 9- 
butyrate (IIIb) esters were resistant to cleavage by the three plasma 
samples. 


Table  111-Plasma Hydrolysis (Percent  in 2 hr  at 37") of 
Dinoprost Esters a 


~ ~ ~ ~~ ~~ 


Saline Rat Monkey Human 
Compound Control Plamsa Plasma Plasma 


IIIa 1 .o 0.9 1 .o 0.6 
llIb 1.3 1.5 0.7 0.5 


VlIIa 22.0 50.8 28.6 9.1 
VIIlc 5.0 40.0 6.7 2.6 


" Solutions 01 the compounds in 0.1 ml ol water diluted with 0.05 ml o f  plasma 
o r  saline control. The amount 01' IV liberated was determined hv the radioimmu- 
noassay. 


Compound Dav 1 nnv 2 
~ 


(Vehicle control) (0.8) (0.8) 
IV 138 1.4 
IIIa 116 2.5 
IIlb 155 5.0 


VIIIC 132 1.6 
VIlIa 195 5.0 


a Determined by the radioimmunuassay 


The 15-acetate (VIIIa) and 15-butyrate (VIIIc) esters were appreciably 
hydrolyzed by rat  plasma but less efficiently by monkey plasma. Com- 
pound VIIIa hydrolysis by human plasma was unusual since partial hy- 
drolysis occurred in the saline control, presumably due to the esterases 
present in the antiserum; &ester hydrolysis did not occur in water a t  
37' for 2 hr. The decreased hydrolysis by human plasma may be due to 
an hydrolysis-inhibiting component present in human plasma or to ex- 
tensive ester protein binding. 


In uiuo ester hydrolysis was studied in rats by monitoring the urinary 
excretion of the major urinary IV metabolite, 5a.7a-dihydroxy-ll-ke- 
totetranorprosta-l,16-dioic acid (IX) (6). using the radioimmunoassay 
(7). The esters were injected subcutaneously in rats, and the daily urinary 
IX excretion was determined using the antibody specific for this com- 
pound. Thus, if ester hydrolysis occurred in uiuo, the resulting IV would 
be converted to IX. 


Table IV shows that the acetate and butyrate esters a t  both the 9- and 
15-positions yielded approximately the same amount of urinary metab- 
olite IX as was found upon administration of IV, indicating complete ester 
hydrolysis in uioo. The data imply that all four esters should be aa active 
as IV in the antifertility assay, but IIIa was somewhat less active. i n  uiuo 
IIIa hydrolysis probably occurs competitively with metabolism a t  C1 or 
CIS, and the low antifertility activity of this ester could be due to pref- 
erential metabolism to yield an inactive ester metabolite. Ultimate ester 
hydrolysis and metabolism to IX would account for the full bioavailability 
of the metabolite from IIIa. 
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Abstract 0 A membrane-controlled drug delivery device was developed 
to release tetracycline at zero-order rates. The tetracycline delivery ve- 
hicle is a trilaminate disk consisting of core and coating membranes 
fabricated from a series of 2-hydroxyethyl methacrylate and methyl 
methacrylate copolymers. Appropriate adjustment of the monomer 
composition ratio imparts a hydrophobic nature to the copolymer outer 
coating membrane (relative to the core material), which serves as the 
rate-limiting membrane in drug diffusion. The trilaminate disks dem- 
onstrated a zero-order tetracycline release over 4 months in uitro. The 
zero-order release rate was a function of the general device geometry, 
coating membrane thickness, disk surface area, level of core reservoir drug 
loading, and membrane coating copolymer composition. Permeability 
parameters of tetracycline diffusion through a series of 2-hydroxyethyl 
methacrylate-methyl methacrylate copolymer membranes were deter- 
mined by a flux-lag time method. Equilibrium hydration values of these 
membranes also were determined. The ability of trilaminate 2-hy- 
droxyethyl methacrylate-methyl methacrylate devices to release tetra- 
cycline at constant rates over a prolonged period offers unique therapeutic 
and investigational possibilities. 


Keyphrases 0 Tetracycline-controlled-release dosage form, phar- 
macokinetics, hydroxyethyl methacrylate-methyl methacrylate co- 
polymer, in vitro n Antibacterial agents-tetracycline, controlled-release 
dosage form, pharmacokinetics, hydroxyethyl methacrylate-methyl 
methacrylate copolymer, in uitro Models, pharmacokinetic-tetra- 
cycline, controlled-release dosage form, in uitro 0 Dosage forms, con- 
trolled release-tetracycline, hydroxyethyl methacrylate-methyl 
methacrylate copolymer, in uitro 


Numerous drug-polymer delivery systems have been 
proposed with the expressed purpose of releasing a bio- 
logically active agent into the surrounding medium a t  a 
constant (zero-order) release rate. Attempts to achieve 
zero-order release rates have included infusion pumps (l), 
erodable matrixes (2), controlled geometries (3), and var- 
ious membrane-enclosed reservoir devices (4-6). Unfor- 
tunately, many of these systems fall far short of their goal, 
suffering from prolonged burst effects, device breakdown, 
and constraints in design, fabrication, or material prop- 
erties. The result is usually an exponential release pattern 
with time and a relatively limited period of constant re- 
lease. 


Previous experience with a hydrogel matrix-drug de- 
livery system (7) led to the investigation of a membrane- 
controlled drug delivery device in which a hydrophilic 
polymer core is supersaturated with a given pharmaceu- 
tical. The core-drug mixture is coated with a drug-free 
polymer layer which, by its hydrophobic nature (relative 
to the core material), functions as the rate-limiting mem- 
brane in drug diffusion from the device. Membrane-en- 
closed drug delivery systems maintain a constant activity 
source of the permeating drug a t  the interface .between the 
core and membrane-coating material. The result is a con- 
stant drug release rate that is proportional to the concen- 
tration gradient established over the diffusion rate-limiting 
outer membrane. 


The described membrane-controlled drug delivery 
system is a trilaminate device consisting of core and outer 
membranes fabricated from a series of hydroxyethyl 
methacrylate and methyl methacrylate copolymers. Yas- 
uda et al. (8,9) reported on the permeability properties of 
sodium chloride and a number of water-soluble organic 
solutes through 2-hydroxyethyl methacrylate-methyl 
methacrylate copolymers of varying composition. Diffusive 
permeabilities were related to the equilibrium water con- 
tent of the copolymer films, which increased as the 2- 
hydroxyethyl methacrylate content was increased. Thus, 
by varying the relative percentage of the hydrophilic and 
hydrophobic monomer components (2-hydroxyethyl 
methacrylate and methyl methacrylate, respectively) of 
a copolymer, the diffusivity of a given drug through the 
copolymer coating membrane can be varied over a sizable 
range. In addition, the drug release rate from a trilaminate 
delivery vehicle can be controlled by altering the coating 
membrane thickness andlor the device geometry. The 
control of diffusion properties in a similar trilaminate 
delivery device for the constant release of sodium fluoride 
was described previously (10). 


Tetracycline, a middle molecular weight bacteriostatic 
antibiotic, was chosen as the diffusant species to be in- 
corporated within the delivery device core. Previous (11, 
12) controlled-release tetracycline preparations incorpo- 
rated the drug in a cross-linked hydrogel matrix or in an 
erodable complex of polyvinylpyrrolidine, shellac, and a 
low solubility organic acid. 


Tetracycline in an implantable controlled delivery form 
with long-term constant release rates offers numerous 
therapeutic and investigational applications. The purposes 
of this report are to evaluate the in oitro performance of 
the trilaminate device and to describe the effects of co- 
polymer composition and device geometry on tetracycline 
permeability through various 2-hydroxyethyl methacry- 
late-methyl methacrylate copolymers. 


EXPERIMENTAL 


Copolymer Synthesis-Random copolymers of 2-hydroxyethyl 
methacrylate' and methyl methacrylate2 were prepared by mixing 
varying molar weight percentages of the monomers (total of 25 g) in 475 
ml of a 3:2 ethanol-water mixture. The reaction mixture was purged of 
oxygen hy bubbling with nitrogen, and polymerization was initiated by 
the addition of 0.125 g of potassium persulfate and 0.25 g of sodium 
persulfateAiter of reaction mixture. 


Ten days was allowed to carry the copolymerization reaction to com- 
pletion, after which the copolymer was precipitated in an excess of water. 
After separation by filtration, the resultant copolymer was subjected to 
multiple washings with water and dried a t  50' in uacuo. Reaction yields 
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Table I-Polymer Composition and  Diffusional Propertics for 
2-Hydroxyethyl Methacrylate-Methyl Methacrylate 
Copolymers 


Feed Copolymer Diffusion' Partition' 
Composition, Composition",b, Coefficient, D, Coefficient, K,, 
mole ratio" mole ratio cm'/sec x x 10-3 


10:90 2:98 8.0 f 4.7 6.8 f 5.9 
2080 14:86 12.0 f 2.1 16.4 f 6.6 
32:68 22:78 25.1 f 11.0 30.7 f 16.8 
7525 6337 43.2 f 8.9 126.7 f 35.9 


2-Hydroxyethyl methacrylate-methyl methacrylate. As determined by NMR 
analysis. c Mean values f SI). 


were 72-95%. The 2-hydroxyethyl methacrylate-methyl methacrylate 
copolymers were prepared in the following molar feed ratios: 1090,20:80, 
32:68, and 75:25. 


Chemical~-[7-~HH]Tetracycline~ was mixea with unlabeled tetracy- 
cline4 to the desired specific activity by dissolving both drug forms in 
methanol (-100 mg of mixtureh ml of solvent).The solvent was evapo- 
rated slowly a t  a temperature not exceeding 42" until a constant crys- 
talline tetracycline weight was obtained. The drug mixture was stored 
a t  -4" until needed. 


Copolymer Composition-Determination of the respective copolymer 
composition was performed by NMR analysis5. Copolymer specimens 
were analyzed in deuterochloroform-methanol with increasing amounts 
of d-4-methanol for copolymers of higher 2-hydroxyethyl methacrylate 
content. To determine the molar composition of the individual compo- 
nents, the area under the peak due to the methyl methacrylate methyl 
ester was compared to the area under the combined peaks attributable 
to the a-methyl hydrogens (representing total methacrylate content). 


Tetracycline-Copolymer Device Fabrication-Disk-shaped tri- 
laminate tetracycline devices were prepared by the following process. 
Copolymer material was dissolved in a cosolvent of 3:2 (v/v) acetone- 
dioxane (0.5 g/5 ml of solvent). Films were cast by pouring the copolymer 
solution onto a clean glass plate and adjusting the wet film thickness with 
a Cardner knife. The film was covered and allowed to dry for 15-30 min 
under ambient conditions. Subsequent films were cast and allowed to 
dry until the desired outer membrane-coating thickness was obtained. 


After the total hottom coating film was cast, the core material was 
constructed by casting additional individual films of a copolymer-tet- 
racycline mixture (either a solution or suspension, depending on the 
percent drug loading) over the coating membrane. When the core layer 
was complete, the top coating membrane was film cast in individual layers 
directly over the core layer. The completed trilaminate film was dried 
overnight in a 37' oven. The film was slightly swollen with an aerosol 
application of 95% ethanol, and disks were punched out with a cork borer. 
Residual alcohol was allowed to evaporate, and the disks were edge coated 
by brushing on two or three layers of the coating copolymer solution. The 
completed disks were stored in a desiccant jar a t  4". 


Permeability Parameters  and Hydration Studies-Drug-free co- 
polymer films were cast as described for use in diffusion characterization 
and hydration studies. Permeability parameters were determined with 
a diffusion cell apparatus described in detail elsewhere (13). The per- 
meation studies were designed to measure the steady-state flux of the 
penetrant molecule ([:'H]tetracycline) through the copolymer membrane 
according to the following principle: 


(Eq. 1) 


where: 


Q = total amount of permeant species diffused through a unit area 
of membrane as a function of time 


Kp = membrane-diffusant system pardtion coefficient 


Co = permeant concentration in reservoir solution 
I) = diffusion coefficient 


1 = membrane thickness 
t.= time 


Measurements were made on the cumulative diffusive transfer of 
tetracycline from the saturated reservoir solution through the copolymer 


I 


20 1.- / 


0 20 40 60 
2-HYDROXYETHYL METHACRYLATE IN COPOLYMER, mole % 


Figure 1-Variation in percent hydration with copolymer composition 
(mean ualues f 9)). Copolymer membrane samples swelled in distilled 
water. 


film and into the effluent stream on the flow side of the diffusion cell. 
Cumulative drug transfer was plotted against time to determine the 
steady-state flux, Q/t, equal to the slope and the lag time, tL, equal to the 
time intercept on the abscissa. Slope and intercept values were deter- 
mined by linear regression techniques. 


By rearranging Eq. 1 and applying it to the region of steady-state mass 
transfer, the permeability parameters may be calculated: 


K p D  = Ql/tCo (Eq. 2) 


where: 


L) = 1 2 / 6 t ~  (Eq. 3) 


Hydration studies were performed by swelling films of predetermined 
dry weights in both Ringer's solution and distilled water a t  37'. The wet 
films were quickly blotted to remove excess surface water and weighed. 
Percent hydration was expressed as: 


TO hydration = (wet weight - dry weightVwet weight (Eq. 4) 


In Vitro Diffusion Studies-In uitro [3H]tetracycline diffusion was 
followed by placing the trilaminate disks on a cellulose Millipore filter 
(0.65-pm pore diameter) sealed with acetone to the ground flat top of a 
25-ml erlenmeyer flask with a glass side arm for sampling. The flask was 
filled with Ringer's solution, which served as the desorbing medium. A 
glass cap was fitted over the polymer disk and filter to provide a constant 
temperature and humidity environment. The diffusion flasks were 
maintained a t  37". A t  sampling, I-ml aliquots were removed from the 
flask through the side arm. Volume was replaced by the addition of fresh 
Ringer's solution to keep the fluid level continuous with the bottom of 
the filter. All in uitro diffusion experiments were run in triplicate. 


Tetracycline diffusion was measured in the permeation studies and 
in uitro diffusion experiments hy analyzing for [3H]tetracycline. One 
milliliter of the aqueous l:'H]tetracycline sample was added to 5 ml of a 
1: 1 nonionic surfactante-toluene scintillation fluor (0.14 g of p-bis(2- 
(5-phenyloxazolyl)] benzene' and 5.34 g of 2,5-diphenyloxazole'/liter). 
The samples were counted in glass vial#. 


In vitro diffusion flask samples were obtained a t  the termination of 
the procedure and analyzed for pure tetracycline content and tetracycline 
breakdown products by a previously reported UV spectroscopic technique 
(14). The percent pure tetracycline content was calculated from the ab- 
sorbance ratio of the solution read a t  357 and 391 nm (Q:357:391) ac- 
cording to: 


Q:857:391 - 0.23 
0.0367 


%tetracycline = (Eq. 5) 


The pure tetracycline level in the diffusion samples (after 28 days) was 
81.:% (original unlabeled drug = 100%). 


RESULTS AND DISCUSSION 


NMR Analysis-For the series of 2-hydroxyethyl methacrylate- 
methyl methacrylate copolymer membranes (Table I ) ,  NMK studies 
revealed that the actual mole percentage of methyl methacrylate in the 
oolvmer was hieher (by 6-12%) than in the original feed. This result was 
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Table 11-2-Hydroxyethyl Methacrylate-Methyl Methacrylate 
Trilaminate Tetracycline Disks: In Vitro Diffusion Results 


Disk Composition" Core S teady-State 
Coating Core Surface Loading, Coating Release Rate, 


Co- Co- Area, mg of drug/ Thickness, pg of tetra- 
polymer polymer cm2 mg of core cm x 10-2 cycline/day 


w 
v) a 
30 ... 


2:98 6337 0.709 0.02 1.40 0.54 
2:98 6337 0.709 0.02 0.81 0.77 
298  6,737 1.33 0.02 1.47 0.97 
2:98 6,7:37 0.709 0.2 0.54 18.5 
298 63:37 0.950 0.2 0.53 23.9 


22:78 6337 0.709 0.2 0.59 28.9 


2-Hydroxyethyl methacrylate-methyl methacrylate. 


due to the higher reactivity ratio of the methyl methacrylate monomer 
with respect to the 2-hydroxyethyl methacrylate monomer. The result 
of such a difference in reactivity ratios would lead to a skewed distribution 
of random copolymers in a particular polymerization batch. 


Copolymer chains polymerizing during the initiation of the synthesis 
process would be expected to contain larger proportions of the more re- 
active methyl methacrylate monomer, depleting the methyl methacrylate 
monomer pool. Those copolymers synthesized later in the reaction would 
have increasing proportions of the remaining 2-hydroxyethyl methac- 
rylate monomer in the chain. Multiple washings with water during the 
preparative procedure would lead to a greater relative loss of those co- 
polymers with higher 2-hydroxyethyl methacrylate content (of associated 
higher water solubilities), effectively fractionating the copolymer batch 
and producing a copolymer whose final composition contains a higher 
mole percentage of the methyl methacrylate monomer than is reflected 
in the original monomer feed. 


Hydration Studies-As expected, copolymer samples of increasing 
mole percent 2-hydroxyethyl methacrylate composition were more hy- 
drophilic in nature, demonstrating greater degrees of equilibrium swelling 
(Fig. 1 ). There was no significant difference in hydration values obtained 
when the copolymer samples were swelled in distilled water or in Ringer's 
solution. In the 2-hydroxyethyl methacrylate composition range below 
50 mole %, there was good general agreement in equilibrium swelling 
values between these samples and similar experimental 2-hydroxyethyl 
methacrylate-methyl methacrylate copolymers described by Cowsar et 
al. (10). 


For samples of >50 mole 'T/o 2-hydroxyethyl methacrylate content, 
Cowsar et a / .  (10) reported no further increase in equilihrium water 
content, whereas the copolymers in the present study continued to in- 
crease in percent hydration with increased 2-hydroxyethyl methacrylate 
content. Cowsar et al. (10) failed to provide confirmation of their as- 


51- 


Figure 2-Lag time method for detwmination of steady-state f lux and 
diffusion coefficient of a 6337 2-hydroxyethyl methacryfate-methyl 
met hacrylate copolymer memhranc. Flux (8) is expressed as cumulative 
disintegrations per minute of lahelcd drug permeating through the 
membrane sample per unit time during steady-state period of diffusion. 
Lag time value (t1.) was taken at the intercept of the steady-state flux 
line (dashed l ine) with the  time axis. 


i 
125 


Figure 3-Zero-order tetracycline release rates maintained by tri- 
laminate membrane device over 4 months of testing in vitro, showing 
effect of  copolymer coating composition on constant release rate. Key: 
B, 2:98 2-hydroxyethyl methacrylate-methyl nethacrylate coating 
polymer; .,24:86 2-hydroxyethyl methacrylate-methyl methacrylate 
coating copolymer; and A, rapid tetracycline release from 63:37 2- 
hydroxyethyl methacrylate-methyl methacrylate core material alone. 
Total average loading of trilaminate device equals 0.155 mg of tetra- 
cycline. 


sumption that the final composition of their experimental copolymers 
was equal to the molar ratio of monomers in the original feed. Falsely high 
estimates of 2-hydroxyethyl methacrylate content in samples reported 
to be of 50 mole % 2-hydroxyethyl methacrylate or greater would explain 
the observed discrepancy in hydration values. 


'I'rilaminate disks, constructed ofa  core of 63:37 copolymer and coated 
with an equal total thickness of 22:78 copolymer, achieved 90% of their 
equilibrium water content after -3 hr of swelling in Ringer's solution. 
In general, all copolymers exhibited rapid hydration, and equilibrium 
swelling was achieved in <6 hr. 


Permeability Studies-Diffusion parameters for copolymer mem- 
branes of varying composition are presented in Table I. Each set of per- 
meability parameters (D and K,) represents an average of results ob- 
tained in a t  least five separate experiments, and an example of the data 
obtained using the flux-lag time experimental method is presented in 
Fig. 2. The slope of the line determined by linear regression techniques 
through the steady-state region of the curve provides an accurate mea- 
surement of the tetracycline flux through the copolymer film. The dif- 
fusion coefficient, D, was determined from the lag time measurement, 
t ~ ,  equal to the intercept value on the abscissa. 


The tetracycline permeability ( P  = DK,) of the various copolymers 
increased in relationship to their increase in equilibrium water content. 
Plotting the log of the diffusion coefficients, D, uersus the reciprocal of 
the equilibrium hydration values, 1/H, for the series of copolymers pro- 
duced a straight line. This result is consistent with an analysis of the free 
volume of diffusion theory presented by Yasuda et al. (8) who stated that 
a linear relationship would exist between the logarithm of the diffusion 
coefficient and the reciprocal hydration value. This relation assumes a 
linear variation of the free polymer volume with the diluent volume 
fraction (as expressed by the hydration value, H). The free polymer 
volume would consist of thermally transient random holes or voids in the 
polymer matrix, which would serve as the passage for diffusing molecules. 
This discussion provides an explanation of the tetracycline diffusion 
process in the membranes. The free volume available for tetracycline 
permeation in the copolymer would be directly related to the hydration 
volume of the membrane. 


In Vitro Diffusion Studies-Figure 3 demonstrates the ability of the 
trilaminate device to release tetracycline a t  constant (zero-order) rates 
over a 4-month period. The results of several diffusion studies with the 
trilaminate tetracycline disks are detailed in Table 11. The effect of 
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Figure $--Effect of trilaminate device geometry on s teady-state  te t -  
racycline release rates. The 2:98 copolymer coating membrane had a 
thickness and surface area available for diffusion of  0.14 m m  and 0.709 
cm2 (a), 0.081 mm and 0.709 cm‘ (m), and 0.14 mm and 1.33 cm2 (A), 
respectively. 


varying device geometry on the steady-state release is presented graph- 
ically in Fig. 4. Increasing surface areas available for diffusion by 1.88 
times (0.709-1.33 cm2) produced a proportionate increase in the release 
rate by 1.80 times (0.54-0.97 pg/day). Correspondingly, increasing the 
coating membrane thickness by 1.73 times (0.81-0.14 mm) while holding 
the surface area constant had an inverse effect on the release rate, de- 
creasing the rate by 1.43 times. 


Increasing the drug loading in the core material (expressed as milli- 
grams of drug per milligram of total core weight) by an order of magnitude 
(0.02-0.2) increased the tetracycline release rate by 16.0 times when 
corrected for differences in membrane thickness. This higher-than- 
predicted increase in the release rate is probably the result of osmotic 
effects that become significant for core materials of higher drug loading. 
The effects of varying the coating membrane composition are also evident 
in Table I1 and Fig. 3. 


These results are consistent with steady-state diffusion theory as 
presented in Eq. 2. In conclusion, the described membrane-controlled 


trilaminate drug delivery system demonstrated the ability to release 
tetracycline at constant rates over a prolonged period. The trilaminate 
device is constructed of a series of 2-hydroxyethyl methacrylate-methyl 
methacrylate copolymers, which control the tetracycline diffusion rate 
from the system by their characteristic properties of equilibrium hy- 
dration and solute permeability. Tetracycline release rates from the 
trilaminate device also are dependent on device geometry. The ability 
of the trilaminate device to deliver tetracycline a t  zero-order rates offers 
potential therapeutic and investigational applications. The in uiuo release 
characteristics of the tetracycline trilaminate delivery system will be 
discussed in a separate article (15). 
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BOOKS 


REWEWS 


Essentials of Toxicology, 3rd Ed. By TED A. LOOMIS. Lea & Febiger, 
600 Washington Square, Philadelphia, PA 19106. 1978.245 pp. 15 X 
24 cm. Price $12.50. 
The newest edition of this basic toxicology text differs little from the 


previous edition in both form and content. The type is slightly larger and 
thus easier to read. Many chapters have few, if any, alterations. Some of 
the additional or revised material to be found includes: updated statistics 
on poisoning and mortality from chemical exposure; an amplified section 
on the influence of the microsomal P-450 enzyme system on chemical 
toxicity; a table of genetically based alterations which account for indi- 
vidual variations in response to drugs and chemicals; a section differen- 
tiating the concepts of biological half-life of a compound versus “half-life 
for toxicity,” using as an example fatty deposition in liver after exposure 
to ethanol; and a brief description of behavioral toxicity studies in ani- 
mals. 


A table on page 60 lists formaldehyde as the toxic metabolite of 
methanol, although recently published data indicated that formate, and 
not formaldehyde, is responsible for ocular toxicity in monkeys and 
presumably in humans. 


Each chapter is adequately referenced to provide the interested student 
with sources of more detailed information. This book cannot be compared 
to other texts such as Casarett and Doull’s “Toxicology, The Basic Science 
of Poisons” (Macmillan) or portions of Goldstein, Aronow, and Kalman’s 
“Principles of Drug Action” (Wiley), both of which deal more extensively 
with toxicologic subject matter. However, “Essentials of Toxicology” 
provides a well-organized introductory approach to toxicology and can 
serve a useful purpose in an orientation course to this highly diversified 
science. 


Reuiewed by Ray Orzechowski 
Philadelphia College of 


Philadelphia, P A  19104 
Pharmacy and Science 


Blood Drugs and Othe r  Analytical Challenges (in Methodological 
Surveys in Biochemistry), Vol. 7. Edited by E. REID. Ellis Honvood 
Ltd., Market Cross House, 1 Cooper Street, Chichester. Sussex, En- 
gland (US. distributor: Halstead Press, a division of John Wiley & 
Sons, 605 Third Avenue, New York, NY 10016). 1978.355 pp. 14.8 X 
22.6 cm. Price $47.50. 
This volume (Volume 7 )  compliments i ts  predecessor (Volume 5 )  and 


is based on the papers presented a t  Bioanalytical Forum held a t  the 
University of Surrey in 1977. The book provides practical information 
of value to the bioanalytical researcher and attempts to present meth- 
odological rationale rather than mere recipes. The first four chapters are 
subdivided into sections, and the fifth chapter represents the notes, 
comments, and discussion in the form of questions and answers on the 
preceding four chapters. 


The first chapter, “The Framework,” sets out the general philosophy 


for development of analytical methods, discusses quality control and 
sources of errors in assays, and presents an overview on analytical method 
evaluation. The second chapter describes aspects of gas chromatography 
(GLC) with problems associated with capillary and packed columns and 
detectors (AFID and ECD). Their applications in drug analysis as well 
as derivatization procedures are discussed also. 


In the third chapter, mass spectrometric methods for drug and en- 
dogenous compound analyses in biological fluids are presented, with 
suitable examples, together with considerations concerning accuracy and 
precision. Discussions of more recent approaches in this field such as 
negative-ion mass spectrometry and HPLC-mass spectrometry are 
particularly valuable. 


The fourth chapter discusses the applications of HPLC to drug anal- 
ysis. Interesting and useful discussions with relevant examples are pro- 
vided on ion-pair HPLC of acid and basic drugs, metabolites, and en- 
dogenous compounds. Various aspects of HPLC such as electrochemical 
detection, sample handling, chemical derivatization including fluores- 
cence labeling, and prechromatographic methods in biomedical trace 
analysis are presented with useful comments and suitable examples. 


The analytical case histories on the assays of bendrofluzide, biperidin, 
and labetalol and its metabolites are interesting and informative. The 
notes and comments in the fifth chapter along with analytical case 
histories of drugs including metoclopramide, procetofenic acid, tienlilic 
acid, practolol, amitriptyline, nortriptyline and benzodiazepines make 
particularly enjoyable reading for the analyst. 


In summary, the reviewer found this book to be a well-balanced blend 
of the theoretical and practical aspects of present techniques and their 
potential applications of trace drug analysis in biological fluids. 


The book is effective in i t s  scope, variety of experiments, and presen- 
tation style. I t  is well planned, emphasizes the rationale of developing 
successful analytical methods for drug analysis by chromatographic 
techniques, and should be useful to analytical chemists working with 
biological fluids. 
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Lange’s Handbook of Chemistry, Twelfth Edition. Edited by JOHN 
A. DEAN. McCraw-Hill, New York, NY 10020. 1978.1170 pp. 15 x 23 
cm. Price $28.50. 
This new edition of Lange’s Handbook u/ Chemistry is a valuable 


updating of a classic one-volume reference. 
A major improvement on the previous edition is the revised section on 


thermodynamics. The new section reflects currently recommended values 
(or heats of formation and Cibbs energies of formation, entropies, heat 
capacities a t  five different temperatures, and heats of melting, vapor- 
ization, and sublimation for 2400 inorganic and 1500 organic com- 
pounds. 
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Table 11-Effect of Administration Rate on 5-Aminosalicylic 
Acid Biotransformation in Fasting Rats 


Urinary Excretion in 48 hr 


Total Recovery, salicylic Acid, 
N-Acetyl-5-amino- 


70 of totala 70 of dose 
Rat Regimen A b  R eeimen Bc Reeimen A b  R eeimen Be 


1 99.3 104 58.2 53.8 
2 104 103 63.4 57.4 
3 105 98.2 43.7 42.8 
4 94.4 99.0 51.6 51.1 
Mean 101 101 54.2 51.3 
SE 2.4 1.4 4.3 3.1 
Paired N.S. ( p  > 0.8) N.S. ( p  > 0.1) 


1 test 


a Free and acetylated 5-aminosalicylic acid. Regimen A = single 25 mgkg ip 
dose. 


limited acetylation during their intestinal absorption in humans. Studies 
are currently in progress to determine whether a food-induced decrease 
in the gastric emptying rate can, by decreasing the rate of 5-amindicylic 
acid absorption, further increase the extent of gut wall metabolism. 


These results demonstrate that orally administered 5-aminosalicylic 
acid is subject to both capacity-limited gut wall and systemic metabolism. 
A similar capacity-limited presystemic metabolic profile for 5-amino- 
salicylic acid may exist after oral administration of sulfasalazine to pa- 
tients with ulcerative colitis and Crohn’s disease. If N-acetyl-5-amino- 
salicylic acid is inactive or less active than 5-aminosalicylic acid (a pos- 
sibility remaining to be explored), then the time course of local anti- 
inflammatory activity may be affected. 


Regimen B = 8.33 m g k g  ip every 20 min for three doses. 
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Abstract 4-Acetoxy - 1,2,3,4 - tetrahydro - 2,2-dimethyl-6,7-methy- 
lenedioxyisoquinolinium iodide, an analog of acetylcholine, was syn- 
thesized and a pharmacological profile of its GI effects waa compiled. The 
agent inhibited dog colonic contraction in response to pelvic nerve 
stimulation and to acetylcholine. In rats, the compound markedly re- 
duced gastric acid output and the volume of gastric secretions. The lack 
of inhibition of chromodacryorrhea production in response to carbachol 
indicates a lack of anticholinergic action. The agent failed to affect the 


acute inflammatory response of the rat hindpaw in response to carra- 
geenan. The precursor of the compound was ineffective in the phnrma- 
cological tests. 


Keyphrases Acetylcholine analogs-synthesis, pharmacodynnmics, 
structure-activity relationships 0 Cholinergic agents-acetylcholine 
analogs, synthesis, phmacodynamics, structure-activity relationship 


Structure-activity relationships-acetylcholine analogs 


As part of a program directed toward the synthesis of 
novel GI agents, an acetylcholine analog was desired in 
which the tetraalkylammonium function of the molecule 
wm incorporated as part of a rigid annular system. Ac- 


ctimeth~l-6,7-meth~lenedioxyisoquinolini~ iodide (1) 
devised. 


DISCUSSION 
Reaction of the previously reported (1) 4-hydroxy-6,7-methylenedi- 


oxy-1,2,3,4-tetrahydroisoquinoline (11) with methyl iodide gave the 
quaternary Compound 111 which, upon treatment with acetic anhydride, 
afforded the racemic acetylcholine analog I. 


min), antagonism of colonic contractions in response to intermittent 
pelvic nerve stimulation (2). In addition, acetylcholine-induced con- 


cordingly, a route to 4-acetoxy-1929394-tetrahydro-292- Compound I, 10 mgkg iv in three dogs, caused marked, but brief (20 
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traction of the dog colon was markedly reduced (2). In the modified Shay 
technique in rats ( 3 ) ,  I (100 or 300 mgkg PO, 1 hr before stomach pylorus 
ligation) evoked a dose-related inhibition of gastric acid output and re- 
duced the gastric secretion volume. The gastric acid inhibitory activity 
of I a t  100 mg/kg PO was very weak (12.5%) compared to that a t  the 
:3OO-mg/kg po (78.6%) dose. 


When I was given orally to six rats a t  a dose of 300 mgkg PO and 
challenged 1 hr later by 0.25 mg of carbacholkg ip (4), the signs of 
chromodacryorrhea (bloody tears) were not prevented, indicating that 
I is not an anticholinergic drug. Compound I failed to reduce the in- 
flammatory response evoked by an injection of carrageenan into the rat 
hindpaw (5). 


Compound III ,10  mg/kg iv, slightly inhibited dog colonic contractions 
in response to intermittent pelvic nerve stimulation. The contractile 
response of the colon to acetylcholine was reduced slightly. A dose of 300 
mg/kg PO in rats failed to affect the gastric secretion volume or gastric 
acid output in the modified Shay technique. Compound I11 did not inhibit 
the chromodacryorrhea evoked by a carbachol injection, thereby indi- 
cating no anticholinergic effect. Finally, I11 was totally ineffective in 
preventing the inflammatory response of the rat hindpaw induced by a 
s u  hplantar carrageenan injection. 


Inhibition of acetylcholine-induced contraction of the dog colon by 
I and lack of inhibition of carbachol-induced chromodacryorrhea fol- 
lowing 1 indicate a nonspecific antagonism of smooth muscle activity by 
I .  Therefore, the action of I could be attributed to smooth muscle de- 
pression or  relaxation which would inhibit any smooth muscle stimulant 
(1.e , acetylcholine and histamine) or excitation of intrinsic cholinergic 
nerves. The chromodacryorrhea response to carbachol is a specific cho- 
linergic response and can be blocked only by specific anticholinergic drugs 
such as atropine (4) and not by nonspecific smooth muscle relaxants. 


The pharmacological profile of 1 and I11 suggests that  the former 
possesses greater GI inhibitory activity than the latter. Such a difference 
i n  activity may be attributed to the acetyl substitution on the isoquino- 
linium structure. The acetyl moiety converts a relatively inactive choline 
into the powerful agent acetylcholine, a quaternary ammonium com- 
pciund. The carbonyl atom of the acetate portion of I may possibly in- 
crease the drug-receptor affinity and cause a greater pharmacological 
antagonism in comparison to that of 111. 


EXPERIMENTAL 


Melting points were determined on a melting-point apparatus' and 
are uncorrected. IR spectra2 were determined as mineral oil mulls. NMR 
spectra3 were compared with tetramethylsilane as an internal stan- 
dard. 


1,2,3,4-Tetrahydro-4-hydroxy-2,2-dimethyl-6,7-methylenediox- 
yisoquinolinium Iodide (111)-A mixture of 84 g (0.37 mole) of 4-hy- 
droxy-6,7-methylenedioxy-l,2,3,4-tetrahydrois~uinoline hydrochloride 
(11) ( l ) ,  102 g (0.74 mole) of potassium carbonate, 78.8 g (0.56 mole) of 
methyl iodide, and 1000 ml of methanol was refluxed for 27 hr (Scheme 
I ) .  The slurry was filtered while hot. The filtrate was refrigerated over- 
night and filtered. A light-tan solid was washed with methanol and ether 
and dried to give 55 g (43%) of the desired product, mp 223-226'. 


An analytical sample, mp 224-226', was obtained by recrystallization 


1 Mel-Temp. 
Model 1378, Perkin-Elmer. 
Model A-60A. Varian. 


OH OH 


I11 
0 
It 


0-C-CH, 
I 


I 
Scheme I 


t'rom methanol; I R  3.03 (0-H),  9.40, and 9.70 (C-OH) pm; NMR (di- 
methyl 8ulfoxide-d& d 3.25 Is, 6, (CH&N+J, 3.63-3.85 (m, 2,3-CH2), 4.56 
( 8 ,  2, 1-CH2), 4.75-5.03 (m, I .  4-CH), 6.05, 6.13 (d, J = 5 Hz, 1, ex- 
changeable in D20,O-H), 6.08 (8.2, -O-CH2-0-), 6.80, and 7.08 (2 s,2,  
aromatic C-H). 


AnaLCalc .  for C12H161N03: C. 41.28; H, 4.62; I, 36.35; N, 4.01. Found: 
C, 41.33; H. 4.68 I, 36.10; N, 3.92. 


4- Acetoxy- I ,2,3,4-tetrahydro-Z,2-dimethyl-6,7-methylenediox- 
yisoquinolinium Iodide (])--A 26-g (0.075 mole) portion of 111 was 
added to 200 ml of acetic anhydride, and the reaction mixture was re- 
fluxed for 1.7 hr, cooled to room temperature, and filtered. The off-white 
solid was washed with 400 ml of ether and air dried, mp 249-250' dec. 
The yield was 28 g (97%). 


A n  analytical sample, mp 246-248' dec., was obtained by recrystalli- 
ration from 95%ethanol; I R  5.70 (CO, ester) and 8.01 (C-0-C ester) Im;  
NMR (dimethyl sulfoxide-d& 6 2.11 ( s ,  3, CH3-C=O), 3.20,3.33 [2 s,6,  


(m, I ,  4-CH), 6.10 (5, 2, -O-CHrO-), 6.70, and 6.86 (2 s, 2, aromatic 
C-H). 


Anal.-Calc. for C14H181N04: C, 42.98; H, 4.64; I, 32.44; N, 3.58. Found 
C ,  43.14; H, 4.54; I, 32.60 N, 3.51. 


(CH:%)zN+J, 4.00,4.06 ( d , J  = 4 Hz, 2, 3-CH2), 4.63 ( ~ , 2 ,  l-CHZ), 5.91-6.16 
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MILLIEQUIVALENTS OF ACID ADDED 
Figure 7-Milliequiualents of metal ion liberated during pH-stat ti- 
tration at pH 3.0 of a 5:l magnesium-aluminum molar ratio mixture 
of aluminum hydroxycarbonute gel and magnesium hydroxide gel. Key: 
A ,  milliequivalents of magnesium ion in solution; 0, milliequiualents 
of aluminum ion in solution; and 0, total milliequiuaknts of magnesium 
and aluminum ions in solution. 


agglomeration in the gel mixtures. Treadwell and Bernasconi (19) pro- 
posed an adsorption bonding of this type. Thus, the amorphous alumi- 
num hydroxycarbonate would form a coating on the crystalline brucite 
magnesium hydroxide gel. The aluminum hydroxycarbonate coating 
would prevent protons from reaching the highly reactive brucite until 


the coating dissolves due to acid neutralization of the aluminum hy- 
droxycarbonate. As was observed in the pH-stat titrigrams of mixed 
aluminum hydroxycarbonate-magnesium hydroxide gels, the acid neu- 
tralization will occur more slowly than expected due to the coating of the 
faster reacting magnesium hydroxide gel by the slower reacting aluminum 
hydroxycarbonate gel. 
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Abstract To define clearly the epoxide grouping role in trichothecan 
biological activity, a series of hindered epoxides was prepared. They 
possessed a,@’-substitution reminiscent of the epoxide environment of 
the natural products. None of these analogs demonstrated biological 
activities similar to the natural toxins. 


Keyphrases 13 Trichothecans-epoxide analogs, structure-activity 
relationships, toxicity 0 Fungistatic agents-trichothecans, epoxide 
analogs, structure-activity relationships, toxicity 


Trichodermu ( 2 ) .  Continued work with these materials led 
to the isolation in pure form of one of these principles; it 
was named trichothecin (3). Since that time, many related 
compounds have been isolated and characterized and are 
collectively known as the trichothecans (I), a name coined 
for the ring system possessed by all of these materials 
(4). 


In 1946, as part of a program to discover new antibiotics, 
a highly fungistatic principle was isolated from a culture 
filtrate of Metarrhiziurn glutinosum S .  Pope (1). This 
principle was highly irritating to human skin. Similar 
agents were produced by various microorganisms, in- 
cluding Trichotheciun roseum and species of Fusaria and 


BACKGROUND 


All trichothecans contain a 12,13-epoxy group, a 9,lO-double bond, and 
the 4-fl-hydroxyl. The simplest of the group, trichodermin (II), contains 
an acetate ester and only functionalities characteristic of all trichothe- 
cans. The mast complex materials contain a fifth, macrocyclic ring, which 
is formed uia esterification of hydroxyls a t  positions 4 and 15 by a long 
chain diacid. 
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All trichothecans possess a high degree of biological activity. They also 
are very toxic to mammals and cause severe skin irritation on contact. 


The chemistry and biology of this group of sesquiterpenoids were re- 
viewed (5). 


The trichothecans are interesting from several viewpoints. They seem 
to have great potential medicinal utility, particularly as antifungal, an- 
tibiotic, and antitumor agents. Although their toxicity has precluded 
extensive clinical use, their high activity warrants a search for active 
analogs that are less toxic. Since trichodermin is a potent antifungal agent 
and yet much less toxic than other trichothecans, high toxicity is not 
necessarily inherent in their basic structural features. 


The trichothecans are .also of likely agricultural significance. Eluci- 
dation of the features responsible for theii toxicity to livestock could be 
useful in determining which trichothecans cause the various types of 
toxicity and could aid in the design of inhibitors or antidotes for their 
effects. 


To elucidate the mechanism of action and the structural features 
necessary for the various types of activity possessed by the trichothecans, 
a series of compounds was proposed (111). This series is a model of the 
C ring of the trichothecan nucleus. I t  contains the epoxide, which is 
probably necessary for activity, plus heavy substitution on the adjacent 
carbon atoms. It has been proposed that lipophilicity is important for 
trichothecan activity (6); therefore, a benzyl group was attached to the 
cyclopentane ring, and the hydroxyl present a t  C-4 in the natural prod- 
ucts was deleted. 


The compounds in the series are identical except for a varying sub- 
stituent on the phenyl group para-position. Eventually, correlations may 
be attempted between activity, the Hammet u value, and the partition 
coefficient; if such correlations exist, they would either lend support to 
or refute the hypothesis that lipophilicity is important. Also, making the 
epoxide even more hindered than it is in the natural product might pro- 
duce a more selective agent. 


DISCUSSION 


The intermediates for the synthesis of the compounds were a series 
of 2- benzylcyclopentanones containing a variety of substituents in the 
phenyl ring para -position. Several 2-benzylcyclopentanones were syn- 
thesized using the appropriate benzyl halide and the pyrrolidine or 
morpholine enamine of cyclopentanone (7) (Scheme I). 


The enamine alkylation was acceptable, except when a strong elec- 
tron-withdrawing substituent was present on the phenyl ring. This effect 
is not easily rationalized; however, while many enamine alkylations 
proceed in yields of 45-55%, strong electron-withdrawing substituents 
decrease the yields. This alkylation has been used when the substituent 
is H, CHs, OCHs, OBz, CI, NOz, CN, or COzCH3. In the p-nitrobenzyl 
halides, the yields are so low that the enamine alkylation is not synthe- 
tically useful’. 


The benzylic halides were commercially available, except for the me- 
thoxy derivative. This derivative was prepared from anise alcohol by 


Three explosions occurred while using p-nitrobenzyl bromide: twice while 
trying to distill the crude product mixture when the bath temperature reached 190° 
and once while stirring and refluxing a combination of p-nitrobenz 1 bromide, 1- 
pyrrolidinocyclopentene, and dioxane. Since the dioxane was usedlimmediately 
after distillation from lithium aluminum hydride, it is unlikely that peroxide for- 
mation was responsible. 


d 
IV 


I .  I 3  NH methyl iodide 


potassium 
tert-butoxide 


thionyl 
chloride 2 methyl l i t h i u 3  0 pyridine 
___c 
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‘HZ m-chloroperbenzoic 
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R B R /d 
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Scheme I 


treatment with hydrobromic acid (8). Since this benzylic bromide is re- 
ported to be unstable, i t  was used immediately without purification. 


The next step in the synthetic sequence was the conversion of the 
benzylcyclopentanones to the tetrasubstituted ketones. The reaction of 
all of the various 2-benzylcyclopentanones with potassium tert -butoxide 
in tert-butanol and excess methyl iodide resulted in the desired ketones 
in 72-81s yields. 


It was anticipated that the tetrasubstituted ketones could be converted 
directly to the desired epoxides by treatment with either dimethylsul- 
fonium methylide or dimethylsulfoxonium methylide (9). In no case 
would the highly hindered ketones react. An attempt also was made to 
effect a Wittig reaction with the ketones (10). As with the sulfur ylides, 
no reaction occurred and only starting material was recovered. This 
finding again shows the lack of reactivity of these tetrasubstituted ke- 
tones, a property that may best be explained by steric hindrance. 


After direct conversion to the epoxide or olefin failed, the longer route 
of addition to  the carbonyl, dehydration, and epoxidation was followed. 
Addition of the ketone, in ether, to an ethereal solution of excess methyl 
lithium followed by a reflux period led to a high alcohol yield (11). The 
use of less vigorous conditions, such as stirring a t  room temperature for 
24 hr or refluxing for 6 hr, led to  mixtures of starting material and the 
desired alcohol. No effort was made to separate the isomeric mixture of 
alcohols. The dehydration of the tertiary alcohols proceeded smoothly 
in yields of -75%. 


The final step in the synthesis was the epoxidation of the exocyclic 
olefins, which was performed both by peracid oxidation and by formation 
and base-catalyzed closure of an  intermediate bromohydrin. The yield 
of epoxide was comparable in both procedures, and both procedures gave 
a mixture of isomers (-21 by GLC and NMR analysis). No attempt was 
made to separate the isomers. The peracid product was chromatographed 
on activated magnesium silicate2 to yield the pure epoxide fraction. 


The epoxides were assayed for antibiotic (12) and antimitotic (13) 
activity. None showed activity of 21% in the antimitotic screen of T-2 
toxin, a naturally occurring trichothecan X. In the antibiotic screen of 
Staphylococcus aureus, Escherichia coli, Salmonella gallinarum, 
Klebsiella, Pneumoniae, Mycobacterium smegmatis, and Candida al- 
bicans, only M. smegmatis was inhibited by the simple epoxides prepared 
in this study (Table I). However, the activities were not sufficient to en- 
courage further work. 


Care was taken that all test media were near neutrality so that the 
epoxides would not be degraded by the medium. Apparently, the epoxide 
moiety of the model compounds does not meet the steric and/or electronic 
characteristics necessary for high activity if the epoxide group is the major 
pharmacophore of the trichothecans as proposed. I t  may well be that the 


2 Florisil. 
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Table I-Minimum Inhibitory Concentration (MIC) against 
Mycobacterium smegrnatis (ATCC 607) 


Epoxide IX MIC, pglml 


R = H  
R = C 1  ' 


R = CH3 
R = OCH, 


100 
50 
50 
2.5 


complete substitution of the a-carbons creates,too high a steric hindrance 
for reactivity of the materials as alkylating agents of essential cellular 
components. These materials were not tested for skin irritation. 


EXPERIMENTAL 


Melting points3 are uncorrected. All compounds gave satisfactory el- 
emental analyses4. IR spectra5 are reported in reciprocal centimeters. 
NMR spectra6 were recorded with tetramethylsilane as an internal 
standard. NMR data are reported ir) parts per million (6). Mass spectra7 
and GLCs data were obtained also. TLC employed aluminum oxide4 and 
silica gel with fluorescent indicators. Column chromatography was done 
on silica gel9 (70-325 mesh) and neutral aluminalO. 


Benzylcyclopentanone Preparation-The procedure of Stork et 
a/ .  was used (7). To a stirred solution of 1-pyrrolidinocyclopentene (1 
mole equivalent) in dry dioxane, under nitrogen, was added benzyl halide 
(1.25 mole equivalent). The mixture was stirred and refluxed for 12 hr 
and cooled. Water was added, and the mixture was refluxed for an ad- 
ditional 3 hr. The solvent was removed in uacuo, and the residue was 
extracted three times with ether. The combined ethereal extracts were 
washed with 10% HCI, saturated sodium bicarbonate, water, and satu- 
rated brine and dried over sodium sulfate. Solvent removal and residue 
distillation yielded the benzylcyclopentanone. 


2-Benzylcyclopentanone (V ,  R = HI-A 58% yield was obtained; bp 
70-73'/0.2 mm [lit. (14) bp 108-110°/0.75 mm]; IR (neat): 1740; NMR 
(CDCl3): 1.3-3.2 (9H, m, methylene and benzyl) and 7.23 (5H, s, ad; mass 
spectrum: m/e 174 (M+) and 91 (base peak). 


2-(p-Chlorobenzyl)cyclpentanone (V,  R = C1)-A 31% yield was 
obtained; bp 112-113°/0.1 mm; semicarbazone, mp 206-207' dec.; IR 
(neat): 1740; NMR (CDCl3): 1.2-3.2 (9H, m, methylene and benzyl) and 
7.1-7.25 (4H, m, ar); mass spectrum: m/e 208,210 (M+), and 126 (base 
peak). 


Anal. (semicarbazone)-Calc. for C13H&lN30: C, 58.87; H, 6.04; N, 
15.85. Found C, 58.69; H, 5.79; N, 15.63. 
2-(p-Methoxybenzyl)cyelopentanone ( V ,  R = OCff3)-A 55% yield 


was obtained; bp 96-100'/0.05 mm; semicarbazone, mp 194-195' dec.; 
IR (neat): 1740 (CO), 1615, and 1585 (ar); NMR (CDCb): 1.4-3.2 (9H, 
m, methylene and benzyl), 3.8 (3H, s, OCHa), and 6.5-7.0 (4H, m, ar); 
mass spectrum: m/e 204 (M+) and 121 (base peak). 


Anal. (semicarbazone)-Calc. for C14H19N302: C, 64.39; H, 7.28; N, 
16.09. Found C, 64.79; H, 7.41; N, 16.30. 


2-(p-Methylbenzyl)cyclopentanone (V,  R = CH&A 52% yield was 
obtained; bp 68-70°/0.1 mm; semicarbazone, mp 211.5-212.5' dec.; IR 
(neat): 1740; NMR (CDCI3): 2.3 (3H, s, ar CH3), 1.5-3.2 (9H, m, meth- 


X 


3 Thomas-Hoover Unimelt. 
Analyses were performed by Midwest Microlab, Indianapolis, Ind., or on a 185B 


Beckman 1R 10 or IR 33 spectrometer. 
Varian Associates A-60-A or T-60 spectrometer. 
Varian Atlas CH5. 
Hewlett-Packard 5750 B gas chromatograph. 


CHN analyzer, University of Kansas. 


9 E. Merck. 
.lo Woelm. 


ylene and benzyl), and 7.0 (4H, s, ar); mass spectrum: mle 188 (M+) and 
105 (base peak). 


Anal. (semicarbazone)-Calc. for C14HIgNaO: C, 68.57; H, 7.76; N, 
17.14. Found: C, 68.84; H, 7.92; N, 17.31. 
2,2,5-Trimethyl-5-benzylcyclopentanone Preparation-The 


McMurray procedure was used (11). A solution of potassium tert-bu- 
toxide was prepared by refluxing potassium metal in dry tert-butanol 
until the potassium had dissolved. About 1 mole equivalent of this so- 
lution was added slowly to a solution of the ketone in tert -butanol under 
nitrogen. The mixture was stirred for 10 min, and additional equivalents 
of potassium tert -butoxide and methyl iodide (sixfold excess) were added 
simultaneously at equal rates with cooling. 


The mixture was stirred and heated at  40' for 48 hr. Filtration of the 
cooled mixture and subsequent removal of most of the tert-butanol in 
uacuo were followed by dilution with water and extraction three times 
with ether. The ethereal extracts were combined, washed with water and 
saturated brine, and dried with magnesium sulfate. Solvent removaI and 
residue distillation afforded the respective fully methylated benzylcy- 
clopentanones. 
2,2,5-Trimethyl-5-benzylcyclopentanone (VI ,  R = H)-A 78% yield 


was obtained; bp 71-73'/0.05 mm; IR (neat): 1740 (CO); NMR (CDC13): 
0.7 (3H, s, CHd, 1.1 (6H, s, 2 CH3), 1.3-2.0 (4H, m, methylene), 2.8 (2H, 
AB quartet, J = 14 Hz, benzylic), and 7.2 (5H, m, ar). 


Anal.-Calc. for C15H2oO C, 83.33; H, 9.26. Found: C, 83.08; H, 
9.24. 


2,2,5-Trimethy1-5- (p-chlorobenzy1)cyclopentanone (Vl ,  R = C/)-A 
72% yield was obtained; bp 83-85'/0.02 mm; IR: 1740 (CO); NMR 
(CDCl3): 0.7 (3H, s, CH3), 1.05 (6H, s, 2 CH3), 1.2-2.0 (4H, m, methylene), 
2.4 (2H, AB quartet, J = 14 Hz, benzylic), and 7.2 (4H, m, ar). 


Anal.'-Calc. for C15H1gC10: C, 72.00; H, 7.60; C1, 14.00. Found: C, 
71.75; H, 7.61; C1, 13.78. 
2,2,5-Trimethyld-(p-methoxybenzyl~cyclopentanone (VI ,  R = 


OCff3)-An 81% yield was obtained; bp 95-99'/0.03 mm; IR (neat): 1740 


OCH3), and 6.7-7.1 (4H, m, ar). 
Anal.-Calc. for C16H2202: C, 78.05; H, 8.94. Found: C, 77.75; H, 


8.82. 
2,2,5-Trimethyl-5-(p-methylbenzyl)cyclopentanone (VI ,  R = 


CH3)-A 75% yield was obtained; bp 72-76O/0.03 mm; IR (neat): 1740 
(CO); NMR (CDCl3): 0.72 (3H, S, CH3),1.05 (6H, s ,2  CH3), 1.3-2.0 (4H, 
methylene), 2.3 (3H, aromatic CH3), 2.7 (2H, AB quartet, J = 14 Hz, 
benzylic), and 7.0 (4H, s, ar). 


Anal.-Calc. for C16H22O C, 83.48; H, 9.57. Found: C, 83.25; H, 
9.39. 
1,2,2,5-Tetrarnethyl-5-benzylcyclopentanol Preparation-The 


McMurray procedure was used (11). The ketone in ether was added 
dropwise, with stirring, to an ethereal methyl lithium solution. The 
mixture was stirred and refluxed under nitrogen for 24 hr. Then the re- 
action mixture was cooled, water was added slowly to destroy the excess 
methyl lithium (cessation of gas evolution), and the reaction mixture was 
diluted with more water so that the volumes of water and ether were 
approximately equal. The layers were separated, and the aqueous layer 
was extracted with ether. The combined ethereal extracts were washed 
with water and saturated brine and dried over sodium sulfate. The al- 
cohols were isolated by solvent removal in U ~ C U O  and subsequent distil- 
lation of the residue. 


1,2,2,5-Tetramethyl-5-benzylcyclopentano/ (VII, R = H)-A 981 
yield was obtained; bp 85-87O/0.02 mm; IR (neat): 3500 (broad, OH) and 
1603 (ar). 


Anal.-Calc. for C16H240: C, 82.74; H, 10.34. Found: C, 82.44; H, 
10.35. 


1,2,2,5-Tetramethyl-5-(p-chlorobenzyl)cyclopentanol (Vl l ,  R = 
C/)-A 97% yield was obtained; bp 90-92'/0.02 mm; IR (neat): 3550 
(broad, OH) and 1600 (ar). 


Anal.-Calc. for C16H23ClO C, 72.18; H, 8.65; C1, 13.16. Found: C, 
71.90; H, 8.68; C1, 12.90. 


1,2,2,5-Tetramethyl-5-(p-methoxybenzyl)cyclopentanol (VII ,  R = 
OCH3)-A 95% yield was obtained; bp 120-122°/0.02 mm; IR (neat): 3600 
(broad, OH), 1620, and 1590 (ar). 


Anal.-Calc. for C17H2602: C, 77.86; H, 9.92. Found: C, 78.13; H, 
9.69. 


1,2,2,5-Tetramethyl-5-(p-methylbenzyl)cyclopentanol (VI I ,  R = 
CH3)-A 92% yield was obtained; bp 86-89'/0.02 mm; IR (neat): 3540 
(broad, OH). 


Anal.-Calc. for C17H26O: C, 82.83; H, 10.57. Found: C, 82.98; H, 
10.29. 


Tertiary Cyclopentanol Dehydration-The McMurray procedure 


((20); NMR (CDCld: 0.72 (3H, S, CH3), 1.08 (6H, S, 2 CH3), 3.74 (3H, 9, 
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was employed (11). The alcohol was dissolved in dry pyridine (15 ml/ 
mmole of alcohol) and cooled to -5’ under nitrogen. To the stirring so- 
lution was added thionyl chloride (0.34 ml/mmole of alcohol) a t  such a 
rate that the temperature did not rise above 5’. The mixture was stirred 
at  0’ for 30 min; then water was added, with cooling, to destroy excess 
thionyl chloride. 


After the exothermic destruction of thionyl chloride had ceased, the 
mixture was diluted with excess water, and the resulting aqueous mixture 
was extracted three times with ether. The combined ethereal extracts 
were washed with 6 N HCl (cold), saturated sodium bicarbonate, water, 
and saturated brine and dried over sodium sulfate. After solvent removal 
in uacuo, olefins were isolated by distillation. 
2,2,5-Trimethyl-5-benzyl-l-methylenecyclopentane (VIII, R = 


H)-An 87% yield was obtained; bp 50-52’/0.01 mm; IR (neat): 3040, 
3080 (vinyl), 1650 (vinyl), and 1605 (ar); NMR (CDCl3): 0.69 (3H, s, CH& 
1.07 (3H, s, CH3), 1.10 (3H, s, CH3), 1.2-1.9 (4H, m, methylene), 2.6 (2H, 
broad s, benzylic), 4.74 (IH, broad s, vinyl), 4.85 (lH, broad 8, vinyl), and 
7.2 (5H, broad s, ar). 


Anal.-Calc. for C16H22: C, 89.72; H, 10.28. Found: c, 89.90; H, 
10.19. 
2,2,5-Trimethyl-5-(p-chlorobenzyl)-I-methylenecyclopentane (Vlll ,  


R = C1)-A 79% yield was obtained; bp 63-66’/0.03 mm; IR (neat): 3070, 
3100 (vinyl), 1660 (vinyl), and 1610 (ar); NMR (CDCl3): 0.95 (3H, s, CH3), 
1.05 (3H, s, CH3), 1.08 (3H, s, CH3), 1.2-1.9 (4H, m, methylene), 2.63 (2H, 
broad s, benzylic), 4.7 (IH, broad s, vinyl), 4.90 (lH, broad s, vinyl), and 
7.0-7.15 (4H, m, ar). 


Anal.-Calc. for CIGHIIC~ C, 77.42; H, 8.48; C1,14.10. Found C, 77.22; 
H, 8.34; CI, 13.93. 


2,2,5-Trimethyl -5- (p-methoxybenzy1)- I-methylenecyclopentane 
( V I I I ,  R = OCH3)-A 76% yield was obtained; bp 83-86’/0.03 mm; IR 
(neat): 3050,3090 (vinyl), 1645 (vinyl), and 1575 (ar); NMR (CDCl3): 0.97 
(3H, s, CH ), 1 05 (3H, s, CHa), 1.08 (3H, s, CH3), 1.2-1.8(4H,m,meth- 
ylene), 2.58 (2H, broad s, benzylic), 3.72 (3H, s,OCH3), 4.73 (lH, broad 
s, vinyl), 4.87 (1H, broads, vinyl), and 6.S7.05 (4H, m, ar). 


Anal,-Calc. for C17H240: C, 83.61; H, 9.84. Found C, 83.87; H, 
9.72. 
2,2,5-Trimethyl-B-(p-methylbenzyl)-l-methylenecyclopentane (VU, 


R = CHa)-A 62% yield was obtained; bp 71-72O/0.03 mm; IR (neat): 
3040, 3090 (vinyl), and 1645 (vinyl); NMR (CDCl3): 0.99 (3H, s, CH3), 
1.06 (3H, s, CH3), 1.08 (3H, s, CH3), 1.2-1.9 (4H, m, methylene), 2.31 (3H, 
s, ar CH3), 2.61 (2H, broad s, benzylic), 4.68 (lH, s, vinyl), 4.82 (lH, s, 
vinyl), and 6.95 (4H, s, ar). 


Anal.-Calc. for C17H24: C, 89.47; H, 10.53. Found C, 89.22; H, 
10.81. 


Epoxidation and Purification of Epoxides-The olefin was dis- 
solved in dry, acid-free methylene chloride. An equivalent of m-chloro- 
perbenzoic acid (calculated as 85%) was dissolved in dry, acid-free 
methylene chloride and added slowly, with stirring, a t  room temperature. 
When TLC showed the disappearance of the starting olefin, freshly 
prepared 5% sodium hydrosulfite solution was added just to the disap- 
pearance of excess peracid (starch-potassium iodide paper). 


The organic phase was separated and washed with water, 10% sodium 
bicarbonate, water, and saturated brine and dried over potassium car- 
bonate. The solvent was removed in uacuo, and the residual oil was ad- 
sorbed onto an activated magnesium silicate column prepared in hexane 
(1OO:l) from a small volume of hexane. The column was eluted with 
hexane to remove unreacted olefin and then with 1% ether-hexane to 
elute the desired epoxide. This procedure gave products of sufficient 
purity for bioassay. Analytical samples were prepared by distillation. 


I -Epoxymethylene-2,2,5-trimethyl-5-bentylcyclopentane (IX, R = 
H)-A 68% yield was obtained; bp 62-64’/0.02 mm; IR (neat): 3040 (CH, 
epoxide), 1600 (ar), and 830 (epoxide); NMR (CDCl3); 2.4-3.0 (4H, m, 


benzylic and epoxide methylene); mass spectrum: m/e 230 (M+) and 91 
(base peak). 


Anal.-Calc. for C17H240: C, 83.48; H, 9.57. Found: C, 83.14; H, 
9.94. 


1 -Epoxymethylene-2,2,5-trimethyl-5- (p-chlorobenzy1)cyclopentane 
(IX, R = C1)-A 65% yield was obtained; IR (neat): 3040 (CH, epoxide), 
1600 (ar), and 820 (epoxide); NMR (CDCM; 2.1-2.8 (4H, m, benzylic and 
epoxide methylene); mass spectrum: m/e 264, 266 (M+), and 69 (base 
peak). 


Anal. (by peak-matching mass spectrometry)-Calc. for Cdf2&10 
264.12795. Found 264.12539. 


1 -Epoxymethylene-2.2,5-trimethyl-5- (p-methoxybenzy1)cyclopen- 
tune (IX, R = OCH3)-A 73% yield was obtained; IR (neat): 3040 (CH, 
epoxide), 1610,1580 (ar), and 820 (epoxide); NMR (CDCl3): 2.1-2.8 (4H, 
m, benzvlic and eDoxide methvlene): mass spectrum: m/e 260 (M+) and 
121 (base peak). 


8.95. 
Anal.-Calc. for C17H2402: C, 78.46; H, 9.23. Found C, 78.67; H, 


1-Epoxymethylene -2,2,5-trimethyl-5- (p-methylbenzy1)cyclopen- 
tune (IX, R = CH3)-A 61% yield was obtained; IR (neat): 3050 (CH, 
epoxide) and 890 (epoxide); NMR (CDCl3): 2.2-2.7 (4H, m, benzylic and 
epoxide methylene); mass spectrum: m/e 244 (M+) and 105 (base 
peak). 


Anal.-Calc. for C17H240 C, 83.61; H, 9.84. Found: C, 83.46; H, 
9.94. 
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Abstract Seven commercial products and a standard powder of lith- 
ium carbonate were administered to healthy human volunteers in a 
crossover study. An analysis of variance of saliva levels and urinary ex- 
cretion as well as an analysis of variance of peak concentration and the 
area under the curve from 0 to 24 hr for the saliva levels showed no sig- 
nificant difference hetween the powder and products, hut a significant 
tliflerence hetween subjects. A significant difference was found hetween 
the time o f  peak saliva levels, which was attributed to faster powder ab- 
sorption. A dissolution study using the lJSP basket method a t  50 and 100 
rpm and the Levy beaker at 50 rpm also showed no significant difference 
hetween products after the lag time for the capsule dosage forms. With 
R regression analysis, a significant correlation was found hetween the 
saliva levels of the products a t  2 hr and dissolution i n  the LISP basket a t  
50 rpm a t  4 min. 


Keyphrases 0 Lithium carbonate-bioavailahility and dissolution, 
various commercial products, powder, humans 0 Bioavailability-lith- 
ium carhonate. various commercial products, powder, humans Dis- 
solution rate-lithium carhonate, various commercial products, powder, 
humans 0 Antidepressants-lithium carhonate, hioavailahility and 
dissolution, various commercial products, powder, humans 


Lithium salts have been used extensively in the man- 
agement of the manic episodes in manicdepressive illness 
(1-3). Lithium carbonate is the salt form of choice and is 
used in most oral products available in this country. 


The  therapeutic plasma range (0.5-1.5 mEq/liter) and 
the toxic plasma levels (>1.6 mEq/liter) are very close (4). 
This critical proximity in combination with large vari- 
ability in patient drug response requires careful plasma 
level monitoring during lithium therapy. 


Lithium carbonate pharmacokinetics have been defined, 
and the bioavailabilities of several different products have 
been investigated (5-10). Shepherd et al. (1 1) investigated 
the dissolution of three lithium carbonate capsule dosage 
forms and one tablet product. and found a large difference 
in in uitro drug release. The USP later required a disso- 
lution standard for lithium carbonate products of 60% 
dissolved in 30 min a t  100 rpm using the basket method 
(12). 


The purpose of this study was to investigate the 
bioavailabilities of the seven oral lithium carbonate 
products currently available in this country and to com- 
pare in uitro drug release as a function of dissolution 
methods and their defined parameters. 


EXPERIMENTAL 
Dosage Forms-Seven commercial dosage forms containing 300 mg 


o f  lithium carbonatehablet or capsule were used1. l i thium carhonate 
powder was used as received from the manufacturer. 


I I’riiduct A (lot 760.175. ta1)let). I’hilipa Iloxane 1,atioratories. Columhus, OH 
4:Ull;; I’rotlwt H (Itit lOf.107. capsule). Smith Klinc and French I,al~iiratiiries, 
I’hiladelphin. I’A I Y I O I ;  I ’r~luct  (’ (tahletl, I’lizer Inc., New Y o r k .  NY I O O l i :  
Product I)  Ilot 760074, capsule). I’hilips Koxane 1,alioratories; I ’rdict  F: (lot Wl20‘‘. 
tatht l .  Ktieriy Divisiw~ ( 1 1  I’lizcr, New York. NY 10017; Product F ( lot  59666, 
c a l d e ) .  Kowell I,di(iratories, Heudette, MN 56ti23: I’niduct (; ( h i t  Gl6:Il, tall let). 
I l ~ ~ w e l l  1,aI)tirattiries; and I’roduct H (lot 7Ci- I X .  puwder). Philips Ituxanc I.ahora- 
ttiries. 


In Vivu Studies-Seven healthy male subjects, 22-48 years old and 
within 90-11070 of their ideal weight (13). volunteered for this study. 
Informed written consent was obtained from each subject. Each volunteer 
was given a general physical examination including a chest X-ray, an 
ECC, and normal hlocd and urine profiles prior to initiation of the study. 
All were within normal limits. Volunteers were asked to refrain from 
taking any medications or alcohol prior to and during the study. 


Following an overnight fast, each subject was instructed to void and 
to drink 250 ml of water. An hour later, the zero-time urine and saliva 
samples were taken and 600 mg of drug was administered. The powder 
was administered as a suspension in water. Cumulative urine samples 
were suhsequently taken a t  1,2.3,4,6,8,12, and 24 hr. Fifteen to 20 ml 
of urine and the saliva samples were refrigerated immediately. Each 
subject was instructed to drink 250 ml of water alter each urine collection 
for the first 2 hr. Subjects were allowed to eat after the 2-hr sample. 


Urine samples were diluted and analyzed, with appropriate blanks, 
a t  670.8 nm using an atomic absorption spectrophotometer’. Results are 
expressed in terms of percent drug excreted. Saliva samples were taken 
simultaneously with urine samples. All subjects produced saliva freely 
in amounts from 1 to 6 ml. Saliva samples were diluted with water, ho- 
mogenized by shaking for 30 min, and analyzed. 


The seven products and the powder were administered to the seven 
volunteers according to an 8 (formulations) X 7 (subjects) crossover de- 
sign. 


In Vitro Studies-Two dissolution apparatuses were used, the USP 
basket (12) and the modified Levy beaker method (14-16). A stirring rate 


2 1 -  
5 10 15 20 25 30 35 


MINUTES 


Figure I-Aucragc. perwnt dissolued for .sewn lithium cnrbonatc 
products in the I J S P  basket ut 5 0  rpm. 


2 Model :EO. I’erkin-Elmer, Norwalk. (’win 
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Table I-Cumulative Urinary Excretion a of the Seven Lithium Carbonate Dosage Forms and the Powder * 
Dosage Form 


Hours A B C D E F G Powder 


1 


2 


3 


4 


6 


8 


12 


24 


3.12 
(2.69) 
7.77 


(3.97) 
10.14 
(4.48) 
14.32 
(6.58) 
25.27 


(18.42) 
31.23 


(10.52) 
39.07 


(1 1.73) 
56.19 


(17.23) 


2.59 
(1.31) 
7.31 


(2.94) 
13.08 
(3.65) 
18.78 
(4.90) 
24.98 
(6.55) 
30.02 
(6.55) 
39.93 
(7.15) 
50.12 
(8.46) 


3.08 
(2.05) 
8.03 


(3.35) 
12.88 
(4.27) 
17.38 
(5.13) 
24.20 
(6.32) 
30.26 
(7.92) 
38.32 
(8.42) 
53.77 


(13.01) 


2.58 2.88 
(1.55) (2.57) 
8.58 7.71 


(4.39) (4.69) 
12.85 13.41 
(5.31) (6.34) 
17.30 18.60 
(5.76) (7.48) 
23.06 27.51 
(7.96) (7.77) 
30.20 33.76 ~~ 


(7.28) (9.24) 
38.02 41.40 
(6.12) (10.77) 
53.87 58.67 
(5.58) (12.91) 


2.24 
(1.48) 
6.91 


(2.53) 
12.49 
(3.92) 
17.59 
(4.88) 
26.72 
(7.94) 
32.84 
(9.93) 
41.64 


( 1 1.39) 
60.67 


(15.01) 


3.38 
(2.22) 
9.17 


(3.94) 
15.24 
(4.66) 
19.62 
(5.39) 
28.02 
(6.39) 
32.66 
(7.59) 
42.18 


59.96 
(10.89) 


(8.94) 


4.90 
(2.47) 
ii.94' 
(4.64) 
18.53 
(6.69) 
21.98 
(7.28) 
28.38 
(8.58) 
34.49 
(9.90) 
41.26 
(9.43) 
58.00 


(10.89) 
Percent ( i f  dose excreted. Average of seven subjects. Stondard deviation. 


Table 11-Saliva Lithium Concentration a as a Function of Time 


Dosage Form 
Hours A B C D E F (; Powder 


1 0.262 0.319 0.329 0.306 0.265 0.499 0.317 0.972 


2 0.498 0.424 0.499 0.493 0.483 0.749 0.494 0.867 
(1.83) (0.111) (0.347) (0.211) (0.200) (0.820) (0.288) (0.865) 


3 0.456 0.510 0.682 0.579 0.511 0.916 0.624 0.647 
(0.174) (0.233) (0.620) (0.269) (0.285) (0.950) (0.434) (0.681) 


4 0.398 0.391 0.408 0.361 0.374 0.620 0.349 0.468 
(0.170) (0.176) (0.281) (0.200) (0.232) 10.550) (0.143) (0.521 ) 


6 0.298 0.287 0.294 0.267 0.277 0.479 0.291 0.34 1 
(0.139) (0.120) (0.161) (0.137) (0.1 78) (0.465) (0.1:3#5) (0.322) 


8 0.213 0.219 0.222 0.224 0.206 0.374 0.220 0.279 
(0.1 11) (0.087) (0.126) (0.09) (0.139) (0.375) (0.109) (0.303) 


12 0.155 0.157 0.142 0.161 0.137 0.251 0.160 0.100 
(0.070) (0.076) (0.061) (0.051) (0.092) (0.272) (0.072) (0.1 53) 


(0.152)b (0.081) (0.257) (0.170) (0.115) (0.588) (6.180) (1.262) 


24 0.099 0.100 0.075 0.09:1 0.053 0.158 0.085 0.107 
(0.434) (0.050) (0.041) (0.034) (0.028) (0.196) (0.046) (0.086) 


0 Average in micrograms per milliliter t o r  seven subjects. Standard deviation. 


Table I I I - c p k  a and tpk * of Lithium in Saliva 


Dosage Form 
A H c D E F (; Powder 


Subject t p k  Cpk tpk Cpk  lpk  C p k  tpk c p k  tpk C p k  tpk Cpk  tpk c p k  tpk C p k  


1 2.5 0.30 2.5 0.32 3 0.70 3 0.43 2 0.59 3 0.92 2.2 0.74 1 0.49 
0.34 1 0 . 5 6  2 4  0.56 2 0.47 3 0.53 3 0.53 2 0.70 2 0.49 2 


3 :3 0.67 3 0.72 3 0.30 3 1.72 3 0.70 :1 0.84 :1 0.70 2 1.23 
4 3 0.26 3.2 0.34 :1 0.40 3 o.:jn :{ 0.34 :{ 0.22 :{ 0.45 2 0.32 
5 2  0.68 3 0.90 3 2.08 2.5 0.98 3 1.02 3 z3.0 3 1.56 1 3.78 
6 2.5 0.37 2.2 0.38 3.2 0.30 2 0.50 2 0.20 3 0.40 0.26 2 0.38 
7 2.5 0.68 2.2 0.64 2.5 0.64 3 0.43 :1 0.68 ;1 0.56 3 0.37 2 0.55 


Peak concentration in milliequivalents per liter and time in hours. 


of50 rptn was used for the modified Levy heaker, and rates of50 and 100 
rpm were used for the USP basket method. Temperature was controlled 
at  37.0 f 0.5". Six hundred milliliters of' potassium biphthalate buffer 
IpH 3.0) was used as the dissolution medium. 


A t  appropriate times, a I-ml sample was withdrawn and an equal 
volume of medium was added to maintain a constant volume. Samples 
were filtered, diluted, and analyzed at  670.8 nm using the atomic ah- 
sorption spectrophotometer. 


RESULTS AND DISCUSSION 


In Vivo Studies-Table I shows the cumulative percent of' dose ex- 
creted in the urine for the seven lithium carbonate products and powder 
as a function of time. There was little apparent difference in urinary 
excretion among all eight doses during the 24 hr of sampling. Comparison 
( i f  these results with work previously reported (8) shows an excellent 
agreement in cumulative excretion ot lithium a t  4,8, and 24 hr. 


An analysis of variance using a repeated measures design was employed 


a t  each sampling time. This analysis showed no significant difference in 
drug excretion between brands ( p  = 0.05) during any sampling time up 
to 24 hr. However, a significant dif'fcrence was found among suhjects a t  
all time intervals. These results aptly illustrate the wide variability 
mentioned previously and the need to monitor individual patients during 
drug administration. 


Since it has been reported that the saliva/plasma lithium concentration 
ratio is constant and reproducihle for a given individual ( I i ) ,  the saliva 
lithium concentration also was determined for the dosage forms and the 
powder for all seven subjects (Tahle 11). Very little difference was ap- 
parent, although the average drug concentration produced hy the powder 
seemed to he higher a t  1.0 and 2.0 hr. However, the repeated-measures 
analysis of variance a t  each sample time showed no significant difference 
hetween the products or the powder ( p  = 0.05). Again, the difference 
among subjects was significant a t  all sample times. 


The constant plasmahaliva lithium ratio makes feasihle a comparison 
of the saliva peak drug level (('pk), the peak level time ( tpk) ,  and the area 
under the saliva level curve ( A ( I C )  as a means of measuring the hio- 
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MINUTES 
Figure 2--l)issolution profiles for f'roduct c' using the three different 
d i s d u l i o n  rnethr,ds/agitation specds. 


availability of the seven products and powder. Table 111 shows the Cpk 
and t p k  values for each administered dose in each subject. The peak level 
time is presented as an estimate based on saliva data interpolation. 


A two-way analysis of variance for peak concentration to include seven 
subjects and eight dose administrations produced an F value (7,42) of 
1.16 for the between-brands comparison and an F value (6, 42) of 9.08 
among these subjects. These results indicated that no significant dif- 
ferences ( p  = 0.05) existed among the peak saliva concentrations for the 
seven different lithium carhonate ttrands and the powder. Significant 
differences existed among the subjects. 


A further analysis of variance of the time required to reach the peak 
saliva lithium concentration was performed. An F value (7, 42).0f 6.80 
was calculated for the hetween-brands comparison. This result indicated 
;I significant difference ( p  = 0.05). A Newman-Keuls (18) analysis was 
performed to determine which of the tpk means of the administered 
brands or powder was significantly different. The powder, with an average 
(I lk o f  1.57 hr, was different from all of the commercial products. No sig- 
nificant difference was found among any of the remaining seven lithium 
c a r h i a t e  products. Interestingly, the calculated F value (6.42) of 1.84 
indicated no significant difference ( p  = 0.05) among subjects for t p t  


The area under the saliva level curve for 0-24 hr was calculated using 
the trapezoidal rule with average A1 I( '  values of4.406 (Brand E), 4.82:j 
(Brand A). 4.962 (Brand C),  4.972 (Brand D), 4.981 (Brand G ) ,  4.992 
(Brand B), 6.789 (powder), and 8.0'20 (Brand F). A two-way analysis of 
variance for the A l J C  ucr.sus subjects produced an F value (7.42) 01 1.02 
for the hetween-hrands comparison, which was not significant ( p  = 0.05). 
The calculated F value (7.42) of 6.13 for the between-subjects comparison 
was significant. 
In Vitro Dissolution Studies-The seven lithium carbonate brands 


were dissolved using three systems: a modified Levy beaker method a t  
50 rpm and the USP basket method a t  50 and 100 rpm. 


Figure 1 illustrates the average percent dissolved tor all seven prtducts 
in the USP basket at  50 rpm. This method and agitation speed illustrate 
the behavior seen in both the USI' basket a t  100 rpm and the Levy 
beaker. 


These results were compared using an analysis of variance. The percent 
of  drrig dissolved was transformed using a log arc sine transformation to 
ensure homogeneity of variance and additivity of effects ( 19). Since 
previous work had determined that an analysis of variance across time 
produces significant interaction effects (201, a 7 (brands) X 3 (meth- 
ods/rpm) with five replications repeated-measures analysis of variance 
at  each sample time was performed. This analysis showed a significant 
difference between hrands ( p  = 0.05) in drug dissolution from the dosage 
forms at  2 and 4 min. Comparison of the average percent dissolved showed 


that these differences were due to capsule dosage forms Brands B, D, and 
F, which displayed the expected lag time. However, the analysis of vari- 
ance showed a significant difference in the dissolution between methods 
a t  all sample times. Figure 2 illustrates an example comparison, using 
Product C, ofthe average percent dissolved for each method and agitation 
speed. The order of decreasing rate of dissolution was USP 100 rpm, USP 
50 rpm, and Levy 50 rpm for all brands a t  all sampling times. 


All products adhered to the USP regulation that 60% of drug dissolve 
in 30 min a t  100 rpm in the USP basket. In fact, the time toachieve 60% 
dissolution ranged from <2 min for Brands C and E to <8 min for Brand 
F. 


A correlation of the in iiiuo saliva concentrations of the different lith- 
ium carbonate brands with the in uitro drug release from the dosage forms 
a t  all possible combinations of sample times was attempted using a re- 
gression analysis. A significant correlation a t  the 0.95 level was found for 
the Levy S0-rpm and USP 50-rpm methods at  the 2-min sample time 
ucmus the in  uico time of 1 hr. However, comparison o f  the presented 
results showed that this correlation occurred during the only in uitro 
sample time that showed a significant difference between brands and a t  
the in  uiuo sampling time that had no difference between hands .  Ap- 
parently, the regression analysis produced a mathematical correlation 
o f  little practical significance. 


A second significant correlation was found at  the 0.99 level tor the USP 
basket at  SO rpm at 4 min with the in uioo sample time of 2 hr. In this 
comparison, the significance level was higher. The  analysis of variance 
of both the in i iuo and in oitro data for the M I '  basket a t  SO rpm showed 
no significant difference between brands, and the dosage forms were in 
that phase of absorption and dissolution where drug release was signifi- 
cant. This finding seems important since the assumption inherent in in 
oiuo-in uitro correlation requires a comparison based on drug release from 
dosage form, manifested as dissolution or as absorption. To determine 
the practicality of this means of correlation as a control method, further 
work employing dosage forms designed to produce diverse drug con- 
centration levels is necessary. 
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Abstract  Controlled delivery of pharmaceuticals at zero-order rates 
from a polymer implant vehicle offers a valuable means by which constant 
drug levels may be maintained in the plasma over prolonged periods. A 
2-hydroxyethyl methacrylate-methyl methacrylate copolymer was ap- 
plied in the fabrication of a membrane-controlled tetracycline delivery 
device with previously demonstrated in vitro zero-order release rates. 
The trilaminate tetracycline-releasing disks were evaluated in vivo by 
implantation in the peritoneal cavities of female Sprague-Dawley rats. 
The implanted disks were coated with copolymer membranes of either 
2:98 or 22:78 2-hydroxyethyl methacrylate-methyl methacrylate com- 
position. In viuo release rates of tetracycline were constant with time, 
as measured by the cumulative drug release from disks recovered over 
different implantation periods. Steady-state tetracycline release rates 
from the trilaminate devices-158 pg/day for the 2278 2-hydroxyethyl 
methacrylate-methyl methacrylate copolymer-coated disks and 123 
Wg/day for the 2:98 2-hydroxyethyl methacrylate-methyl methacry- 
late-coated disks-were in excellent correlation with the steady-state 
total daily excretion of the drug (153 and 110 pg/day for the two systems, 
respectively) by the rats. Plasma tetracycline concentrations reached 
steady-state levels within 2-3 days of trilaminate disk implantation and 
remained constant over the 14-day implantation period. Steady-state 
tissue tetracycline concentrations averaged 10-12 pg/g in the bone; 3-4 
Wg/g in the liver, kidney, and GI tract; 2-3 pg/g in the muscle; and <1 pg/g 
in the fat tissue. A flow-limited pharmacokinetic model was constructed 
to simulate in uivo tetracycline delivery from the trilaminate disks and 
the subsequent drug distribution. Model predictions of tissue and plasma 
tetracycline concentrations based on the experimentally determined 
zero-order drug release rates were in good agreement with experimental 
measurements. 


Keyphrases Tetracycline-controlled-release dosage form, phar- 
macokinetics, hydroxyethyl methacrylate-methyl methacrylate co- 
polymer implant, rats, in vivo Antibacterial agents-tetracycline, 
controlled-release dosage form, pharmacokinetics, hydroxyethyl meth- 
acrylate-methyl methacrylate copolymer implant, rats, in uivo 0 Models, 
pharmacokinetic-tetracycline controlled-release dosage form, rats, in 
uivo D Dosage forms, controlled release-tetracycline, hydroxyethyl 
methacrylate-methyl methacrylate copolymer implant, rats, in vivo 


Numerous studies (1-6) attempted to measure plasma 
and tissue tetracycline levels in animals following oral or 
parenteral administration of the antibiotic. These early 
reports dealt with short-term drug studies and failed to 
determine steady-state tetracycline disposition in the 
animal. Such information is necessary to understand the 
correlation of serum tetracycline levels with the drug’s 
therapeutic efficacy and potential toxicities. To achieve 
true steady-state drug kinetics, a constant-rate drug de- 
livery system such as a long-term infusion pump apparatus 
is necessary, and the difficulty of performing such exper- 
iments with small animals is readily appreciated” Multiple 
oral administrations fall far short of meeting steady-state 
drug delivery requirements, producing a typical sawtooth 
pattern of serum drug concentrations with time. 


A practical alternative to this problem is controlled drug 
release with an implantable system that delivers the 
pharmaceutical a t  a constant rate. Steroid delivery poly- 
mer devices based on a matrix-controlled diffusional 
process have been developed and investigated in uiuo 


(7-9). Matrix devices with a characteristic release profile 
that is initially high and decreases with time fail to deliver 
the drug at  a constant rate. Winkler et al. (10) developed 
a matrix-controlled progesterone-releasing intravaginal 
matrix device which, due to the unequal lag times of the 
device’s inner and outer surfaces, produced a pseudo- 
zero-order release profile in uiuo. 


Chien et al. (11) recently reported a zero-order rate 
device for deoxycorticosterone acetate delivery from 
subcutaneous implants in rats. This device, named the 
microsealed drug delivery system, provided constant drug 
release for studying the production of metacorticoid hy- 
pertension in rats. 


A previous publication (12) detailed the development 
in this laboratory of a membrane-controlled drug delivery 
system designed to release tetracycline a t  a constant rate 
with time. In uitro testing demonstrated the zero-order 
release characteristics of the trilaminate device in which 
the release rate was adjustable by either varying the co- 
polymer coating membrane composition or altering the 
coating membrane thickness and/or the device geom- 
etry. 


The present report details the in uiuo release charac- 
teristics of the trilaminate tetracycline device implanted 
intraperitoneally in rats. A flow-limited pharmacokinetic 
modeling approach, as previously reported (131, was used 
to correlate in uiuo zero-order tetracycline release rates 
from the implanted trilaminate device with the subsequent 
steady-state drug distribution in the plasma and tissues. 
The flow-limited model is based on measurable anatomical 
and physiological parameters and is designed to provide 
a conceptual representation of the mass transfer and 
elimination of drugs and their metabolites between real 
organ compartments. This modeling approach was chosen 
to define steady-state tetracycline disposition and to 
confirm the zero-order release characteristics of the tri- 
laminate device. 


EXPERIMENTAL 


Tetracycline-Copolymer Device Fabrication-Disk-shaped tri- 
laminate tetracycline-releasing devices were prepared by a procedure 
outlined previously (12). In brief, [3H]tetracycline is mixed with a 63:37 
2- hydroxyethyl methacrylate-methyl methacrylate copolymer to form 
the core of the device (20% drug by weight loading). The core is enclosed 
by a uniform membrane layer constructed of either a 2:98 or a 22:78 2- 
hydroxyethyl methacrylate-methyl methacrylate copolymer which, by 
its reduced tetracycline permeability (relative to the core material), 
maintains a constant drug concentration gradient within the enclosure, 
providing for a constant steady-state tetracycline release rate. The im- 
planted disks were 15 mm in diameter and had an average coating 
thickness of 0.055 mm. 


Animals-All animals were virgin female Sprague-Dawley rats 
weighing 180-220 g. For the pharmacokinetic studies, the rats were 
housed individually in standard metabolic cages, permitting the collection 


0022~354917910900-1151$01.0010 
@ 1979, American Pharmaceutical Association 


Journal of Pharmaceutical Sciences I 1151 
Vol. 68, No. 9, September 1979 







Figure 1-Steady-state tetracycline release from trilaminate disks in 
200-g rats. Percent release was determined by analysis of  drug remaining 
in rwoucred disks. Key:  ., 2:98 2-hydroxyethyl methacrylate-methyl 
methacrylate-coated trilaminate disks; and 0 ,  22:78 2-hydroxyethyl 
methacrylate-methyl methacrylate-coated trilaminate disks. 


FAT 


and quantitation of separate daily urine and fecal samples. The rats were 
fed1 and provided with unrestricted water. 


Biocompatibility Studies-Copolymer trilaminates (either con- 
taining tetracycline or with drug-free cores) were implanted subcuta- 
neously in a pocket constructed by blunt dissection beneath the dorsal 
fascia layers and directly superficial to the spinotrapezius muscle. The 
incision was closed superficially with wound clips. Five rats received 
implants containing 1% tetracycline by weight in the cores, and an ad- 
ditional five rats received drug-free implants constructed in an otherwise 
identical manner to the tetracycline-containing implants. Hefore im- 
plantation, the trilaminate disks were washed in a small volume of sterile 
saline solution to remove surface contaminants. 


At 1, 2 ,4 ,  6, and 9 weeks following implantation, one rat from each 
group was sacrificed and the implant was removed carefully along with 
i t s  surrounding tissue capsule. The tissue block containing the implant 
was fixed in formaldehyde for 24-48 hr. Paraffin sections were prepared 
and stained with hematoxylin and eosin and with trichrome dyes for 
histological investigation. 


This procedure was repeated for a series of 10 intraperitoneal implants. 
The animals were laparotomized, and the saline-washed trilaminate disks 
were placed within the lower portion of the peritoneal cavity; the peri- 
toneum and skin incisions then were closed separately with interrupted 
sutures. Recovered implants and tissue capsules were sectioned and 
stained as described previously. 


Pharmacokinetic Studies-l'rilaminate devices in the phar- 
macokinetic studies were implanted intraperitoneally, according to the 
outlined procedure, to minimize variations in implant drug release rates 
due to site-specific tissue capsule formation and associated inflammatory 
response. Ten rats received tetracycline-copolymer implants coated with 
a 22:78 2-hydroxyethyl methacrylate-methyl methacrylate copolymer 
membrane, and 10 rats received implants coated with a 2:98 2-hydroxy- 
ethyl methacrylate-methyl methacrylate copolymer membrane. Im- 
mediately prior to implantation, the trilaminate disks were washed with 
a saline solution and the saline wash solutions were analyzed for I3H]- 
tetracycline. In all cases, the tetracycline loss into the saline wash was 
insignificant (always <0.01% of the original drug loading). 


One day prior to surgery, a control blood sample was taken and the 
animals were placed in the metaholic cages to collect control fecal and 
urine samples. Blond was obtained from the jugular vein by puncture with 
a 1-ml tuberculin syringe fitted with a 26-gauge intradermal tip needle. 
Blood was drawn once a day from each rat up to and including the day 
the animal was sacrificed. Daily urine and feces from each animal were 
weighed and collected for ["Hjtetracycline analysis. 


The urine sample was centrifuged to remove solids, and 0.2 ml was 
added with 0.5 ml of distilled water, to prevent salting out, to 10 ml of 
fluor' in a glass counting vial. A 100-150-mg sample of the daily fecal 
collection was prepared according to a modified oxidative procedure 
described in the literature (14). The dissolved fecal sample, to which 10 
ml of fluorj was added, was allowed to equilibrate overnight before 
counting. Whole blood samples were centrifuged, 0.2 ml of plasma was 
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Purina Rat Chow. Ralston Purina Co., St. Louis, Mo. 


Binfluor, New England Nuclear, Boston, Mass. 
2 Scintosol, Isolabs, Akron, Ohio. 
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Figure 2-Flou: scheme and organ compartmental diagram utilized in 
pharmacokinetic model; Q represents plasma flou: rate to indicated 
organs. Model parameter values arc listed in Table I .  


added to a glass vial containing 10 ml of' fluor*, and concentrations were 
determined in a liquid scintillation counter4. 


Animal Sacrifice and Tissue Recovery-Rats were sacrificed (two 
from each series) on Days 1,4,7,10, and 14 of implantation by cervical- 
spinal dislocation. Tissues and organs were removed carefully to prevent 
excess bleeding and blotted gently. Gut tissue was obtained from the 
upper small intestine. The kidneys were clamped at  the renal arteries and 
removed in toto. A section of the liver from the upper right lobe was re- 
covered. The tibia was dissected clean of muscle and connective tissue 
and crushed, and a muscle sample was removed from the lower thigh. 


Sections of soft tissue (100-150 mg) were prepared by a tissue digestion 
technique (15). Minced tissue was weighed into glass vials to which 1.0 
ml of a tissue soluhilizer5 was added. The vials were capped tightly and 
incubated a t  5 5 O  for 16-24 hr until digestion was complete. Hydrogen 
peroxide (0.1 ml/sample) was added to decoloriae the samples, the vials 
were cooled, and 10 ml of flu()+ was added to each vial. Samples were 
allowed to equilibrate overnight before counting. Unlabeled tissue 
samples were processed in an identical manner to correct for background 
radiation and quenching effects. 


Bone samples were prepared by a modified tetracycline extraction 
procedure (16). Clean hone samples fractured into small fragments were 
weighed and added to glass vials (-100-150 mg) containing 3 ml of 0.25 
N HCI. The vials were sealed tightly and stored a t  4' with daily shakings. 
After 1 week, the extract was removed: bone contents were washed with 
distilled water and transferred to new vials to repeat the procedure (a 
total of three times). The extract was centrifuged, and 1 ml of the su-  
pernate was assayed for ['Hltetracycline by counting in 10 ml of 
fluor'. 


Isocap, Searle Analytic, Des Plaines, 111. 
Protosol, New En land Nuclear, Boston, Mass. 


6 Econofluor, New England Nuclear, Boston, Mass. 
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Table I-Physiological Parameters  for  Tetracycline 
Pharmacokinetic Model 


Literature 
Values for 


Partition Tissue-Plasma 
Volumeb, Plasma Flow', Coefficient, Concentration 


Tissue" V, ml Q, ml/hr R, Ratio 
- Plasma 9.0 1416.0 - 


Liver 8.3 585.0 5.3 4.1d 
Kidneys 2.0 487.0 4.8 3.3d 
Bone 1o.op 40.0 12.5 8.95f 


justed by a factor equal to the approximate steady-state ratio of tetra- 
cycline concentration in the gut tissue and gut contents. 


Tetracycline delivery was modeled as a zero-order input term into the 
plasma compartment. The magnitude of this input term was set equal 
to the zero-order release rate determined from the implant recovery 
analysis. The balance equation for the plasma is: 


Muscle 100.0 292.0 2.9 1.2d where subscripts L,  K, M, H,  F,  P ,  and G denote liver, kidney, muscle, 
Fat 14.0g 19.2g 0.7 Oh, 1.5d hone, fat, plasma, and GI tract, respectively; and KO is the zero-order 


3.1' input term. GI tract 16.0 463.0 4.4 


Values iven are for 200-g female rat. b Reference 18. c Reference 19. d Ref- 
erence 1. p talculated as 2.5 times bone marrow volume reported. Reference 2; 
Concentration was measured in m u s e  femur. fl Reference 20; values were scaled 
down from thnse reported for a 250-g rat. 


Burst effects corresponding to experimentally measured values are 
incorporated into the Koterm and into the clearance terms for the first 
24 hr of implantation. 


Reference 6. ' Reference 14. 


Implants recovered at  sacrifice were blotted dry of surface fluid and 
weighed. Sections of the recovered implants and the original trilaminate 
film were dried to constant weight in a vacuum oven (2.1 kg/cm2, 40') 
and allowed to dissolve in 10 ml of dioxane over 2-3 weeks a t  50-60". 
Measured aliquots of the dioxane solution were analyzed on the liquid 
scintillation counter for [3H]tetracycline. Tetracycline remaining in the 
recovered implant was calculated and expressed as a percectage of the 
original weight of drug loaded in the trilaminate film (Fig. 1). 


Blood Volume Measurements-Organ blood volumes in five rats 
were measured by a standard j'Cr-red blood cell labeling procedure (17). 
One milliliter of whole blood, obtained by jugular puncture from the 
animal to be tested, was added to 1.0 ml of citrate-dextrose solution, 
Strumia type, containing chromate 51 salt. After 20-30 min of incubation 
a t  room temperature, the whole blood solution was centrifuged a t  
2000Xg for 10 min, the supernate was discarded, and 1.0 ml of fresh sa- 
line-plasma (51) solution was mixed with the suspended cells, after which 
the sample was recentrifuged. This procedure was repeated four to eight 
times until extracellular radionuclide levels were <0.1%. 


After the final wash, 0.5 ml of the fresh saline-plasma solution was 
mixed with the suspended cells, and the total volume was injected by 
cardiac puncture into the rat. Heparinized whole blood samples were 
taken by jugular vein puncture a t  10 and 20 min postinjection; the animal 
was then sacrificed by cervical-spinal dislocation. Tissues were removed 
exactly as already described in an effort to measure organ residual blood 
volumes best reflecting the tissue recovery techniques employed in the 
kinetic studies. In all cases, radionuclide levels in the whole blood were 
similar, to within 5%. a t  the 10- and 20-min sampling periods. Whole 
blood, saline wash solutions, and minced tissue samples were analyzed 
using an automatic gamma counter7. 


Pharmacokinetic Model-The pharmacokinetics of zero-order tet- 
racycline delivery from controlled-release implants and tissue drug dis- 
tribution were described by a mathematical model based on the blood 
flow-limited concept of drug transport. The  relevant compartments and 
general blood flow scheme are depicted in Fig. 2. This model employs true 
physiological and anatomical parameters to generate a series of mass 
balance equations for seven organ compartments. An example of such 
a mass balance equation is presented for the hypothetical compartment 
i:  


(Eq. 1) 


where C, is the tissue drug concentration, V, is the tissue volume, R, is 
the equilibrium partition coefficient (tissue-plasma), K, is the rate of 
drug elimination or clearance by the tissue, Cp is the plasma drug con- 
centration, Qp is the plasma flow rate, and t is time. 


Organ volumes, blood plasma flow rates, and drug partition coefficients 
(determined by best fit analysis of the data) are listed in Table I. Total 
drug clearance was estimated from the total daily excretion rates and the 
steady-state plasma concentrations. Approximately 30% of the drug was 
excreted in the urine, while 70% of the drug was accounted for by fecal 
elimination. The biliary clearance was estimated from available literature 
data (21). For simplicity, the gut tissue and gut contents were combined 
as one compartment. Fecal tetracycline clearance calculations were ad- 


' Model 1185, Searle Analytic, Des Plaines, Ill. 


RESULTS AND DISCUSSION 


Biocompatibility-Subcutaneous implant studies revealed no dif- 
ferences in fibrous capsule formation or general tissue response between 
the tetracycline-loaded trilaminate disks and the control trilaminate disks 
containing no drug in the core. Capsule thickness was maximal by 4-6 
weeks implantation time, followed by further organization of the sur- 
rounding fibrous tissue. Early implant capsules (1-2 weeks) demonstrated 
mild inflammation with some surrounding tissue edema and loose 
granulation tissue with onset of fibrous capsule formation. There was 
little evidence of any chronic inflammatory processes in the long-term 
implants (4-9 weeks), the surrounding capsules consisting of well-orga- 
nized, dense collagen fibrils with little cellular infiltration. These results 
agree with previous observations (22) concerning the tissue biocompa- 
tihility of methyl methacrylate polymers, indicating that the coating 
copolymer surface (containing 2% 2-hydroxyethyl methacrylate and 98% 
methyl methacrylate) was the controlling factor in the response of the 
surrounding tissue to the implanted device. 


By comparison, fibrous capsule formation was essentially absent for 
both drug-loaded and control disks implanted in the peritoneal cavities 
of rats. Only a thin membrane formed over the intraperitoneal implants, 
and this membrane was easily disrupted upon implant recovery. In most 
cases, the implant lodged in the intraperitoneal fat near the site of the 
original laparotomy. In three cases, the implant migrated to the upper 
peritoneum, resting on either the dome of the lower left lobe of the liver 
or the omentum. 


In Vivo Implant Hydration-Equilibrium swelling was achieved for 
samples of both the 298 and 22:78 implant series retrieved on the 4th day 
of implantation. For these implant series, the equilibrium swelling values 
were 44.5 f 2.6 and 44.8 f 1.6%, respectively (mean f SE taken over the 
entire implantation period). These similar values indicate that equilib- 
rium hydration of the device is best represented by the swelling of the 
core component (63:37 copolymer) that makes up the bulk of the tri- 
laminate disk. 


The in vivo swelling measurement of 44-45% is higher than the equi- 
librium hydration value of 26.5% previously reported for blank 6337 
copolymer membranes measured in vitro (12). The observed difference 
in swelling values between the in vivo disks and the blank 63:37 mem- 
hrane tested in uitro was likely due to the osmotic action of the drug 
contained in the core (20% drug, w/w) of the implanted device. 


Cumulative Release and  Excretion Data-Tetracycline release 
from the implanted trilaminate disks (Fig. 1) appeared constant with time 
and exhibited a zero-order release profile similar to that reported in the 
in uitro trials. The release rates of the 2:98 (123 pg/day) and the 22:78 
(158 &day) copolymer coated disks differed significantly. The fact that 
both series demonstrated a nonzero intercept indicates an initial burst 
effect of 2 4 %  over the first 24 hr of release. 


T o  confirm the observation of in vivo zero-order release from the im- 
planted trilaminate disks, tetracycline levels were measured in fecal and 
urine samples. Total daily fecal and urine volumes were recorded over 
the implantation period. These values were employed to quantitate total 
daily tetracycline elimination in the excretion products. This method 
provides a reliable estimate of total physiological drug elimination since 
tetracycline is not metabolized by the rat (23). Over the steady-state drug 
release period (Days 2-14), the mean cumulative daily physiological 
elimination of tetracycline (Table 11, measured as the sum of the total 
daily drug excretion in the steady-state fecal and urine outputs) was 110 
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Table 11-Comparison of Steady-State Cumulative Tetracycline 
Release and Elimination Rates 


Table 111-Tissue Residual Blood Volumes (Milliliter of Whole 
Blood pe r  Gram of Wet Tissue) 


Coating Total Elimination 
Composition Zero-Order by Rath, 
of Membrane Release Ratea, pglday, 


Device urtldav Mean f SD 


2:98 series 123 
22:78 series 158 


110 f 32 
153 f 42 


0 Determined from slope of cumulative release curve (Fig. 1 ). Sum of urine and 
fecal tetracycline excretion per day over steady-state period (12 days). 


pg/day for the 2:98 copolymer-coated implant series and 153 pglday for 
the 22:78 copolymer-coated implant series. 


These elimination rate values agree remarkably well with the steady- 
state, in uiuo release rates. The initial drug release burst of 2-3s from 
the implants also was evident in the initial high drug elimination levels 
recorded over the first 1 or 2 days of implantation (-48Opg total for the 
first 2 days in the 22:78 implant series and 435 pg total for Days 1-3 in 
the 2:98 series, corresponding to 2.7-3.0% the initial drug loading in the 
disks). For both implant series, daily tetracycline elimination was -31% 
in the urine and -69% by the fecal route. 


Without further data, it would be inappropriate to correlate in uiuo 
release rates with the physiological drug elimination rate. However, given 
the evidence of near-constant plasma and tissue tetracycline levels over 
the same steady-state period (Figs. 3 and 4), a true mass balance is pos- 
sible for the in viuo system. The analysis of drug release from recovered 
disks, daily tetracycline elimination rates, and steady-state drug levels 
in the blood and tissues provides indisputable experimental evidence that 
the implants are releasing tetracycline a t  a constant rate over the 
steady-state portion of the implantation period. This finding confirms 
the earlier in uitro observations on the zero-order release rate character 
of the copolymer trilaminate device. 


Experimental Drug  Levels in Blood and Tissue-Plasma tetra- 
cycline achieved near-constant levels within 2-4 days following im- 
plantation and remained stable during the experiment (Fig. 3). Experi- 
mental tissue tetracycline concentration values were corrected for residual 
blood content. Experimental values for residual blood volumes in indi- 
vidual organs were determined by a Wr-red blood cell labeling technique 
(17). These results are compared to literature values given in Table 
111. 


Minimum organ blood volumes reported by Sharpe et al. (24) were 
determined by a radiolabeled cell method in which the rats were anes- 
thetized with ether and bled maximally from the abdominal aorta or 
inferior vena cava before the organs were recovered and analyzed for 
radiolaheled blood cell content. Organ blood volume values reported by 
Everett et al. (25) (Table 111) were determined by achieving maximal 
recovery of residual blood in the respective tissues. In this method, the 
rats were injected with radiolabeled red blood cells or '95I-serum albumin; 
after a suitahle circulatory mixing period (3-15 min), the rats were sac- 
rificed quickly by freezing in liquid nitrogen. Quick freezing of the ani- 
mal's body fluids and tissues produced a rapid stasis of the blood, per- 
mitting dissection of the organs for radioassay without blood loss. 


L I  / 


? I  


0 
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I I I I 1 I J 
I - 0 2 4 6  8 10 12 14 


DAYS 


Figure 3-Plasma concentration of tetracycline deliuered from im- 
planted trilaminate disks coated with 22:?8 copolymer membrane. Key: 
0,  experimentally determined plasma tetracycline concentratiom; and 
- - -, model simulation results. 


Experimental Reference Values 
Results a ,  Minimum Total 


Tissue Mean f SD Volumeh Volume' 


Liver 0.060 f 0.012 
Kidney 0.087 f 0.027 
Muscle 0.008 f 0.002 
Fat 0.006 f 0.001 
Gut 0.016 f 0.004 
Bone 0.028 f 0.009 


0.047 0.265 
0.049 0.154 
0.004 0.023 


- 0.035 
- 0.033 


- - 


a As determined from five experiments employing Wr-labeled red blood cells. * Data from Ref. 24. Ilata from Ref. 25. 


Residual blood volumes calculated in the present experiment are the 
result of a procedure designed to reflect the organ blood volumes re- 
maining in the various tissues after the experimental dissection of the 
organs for analysis of drug content. As expected, these experimental 
values fall within the range of results presented by the more radical 
techniques. Previous investigations of differential tissue drug levels failed 
to correct for residual blood drug content. Depending on actual blood- 
tissue drug partitioning effects, the method of sacrifice, and the organ 
recovery techniques employed, failure to correct for the residual blood 
volume can lead to significant errors in experimental drug content 
analysis. The need for accurate tissue drug level determinations is critical 
when attempts are made to f i t  experimental data to pharmacokinetic 
models; false experimental values produce erroneous estimates of model 
transport and kinetic parameters. 


The highest tissue tetracycline concentrations were recorded in the 
whole bone samples (Fig. 4). This result is in agreement with previous 
observations (26) on the deposition of high tetracycline levels in growing 
bone tissue. High tetracycline levels in the kidney and liver (Fig. 4) reflect 
the roles of these organs in tetracycline elimination through the urine 
and bile, respectively. The lowest tetracycline concentrations were 
measured in the fat tissue, which failed to concentrate the antibiotic 
above levels measurable in the plasma. Steady-state plasma and tissue 
levels were not significantly different in the two tetracycline delivery 
series. The difference in recorded release rates apparently contributed 
only to the observed differences in tetracycline elimination rates since 
the tissues reached similar equilibrium saturation levels early in the ex- 
periment for the observed range of drug delivery rates from the two im- 
plant series. 


Pharmacokinetic Model-There was good general agreement be- 
tween predictions based on the flow-limited pharmacokinetic model (Fig. 
2) and the actual experimental measurements of the organ disposition 
of tetracycline and of tetracycline elimination. Experimental tetracycline 
concentrations in the plasma (Fig. 3) and individual tissues (Fig. 4) 
demonstrated levels consistent with model predictions based on the 
zero-order rate diffusional input determined from the slopes of the cu- 
mulative release curves (Fig. 1). The tissue-plasma equilibrium partition 


m . 
Z l 4 r  


a a 
I- 
2 
W 
V z 
8 


t 


W 


J 
V 


I 


a n 
I- 
W 
I- 


A 


I:f 


DAYS 


Figure 4- Tissue distribution (micrugrams per gram) of tetracycline 
delivered from implanted trilaminate disks (coated with 22:78 copoly- 
mer membranes). Key (experimentally determined ualuea): 0 ,  fat t i s -  
sue; V, GI tissue; X, kidney; 0, liuer; and A, bone. The dashed lines 
(labeled at right) represent model simulation results for these tissues: 
F, fat tissue; G ,  GI tissues; K ,  kidney; L, h e r ;  and R,  bone. 
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coefficients (Table I) were estimated initially from the results of earlier 
intravenous bolus studies with tetracycline (1, 2, 4, 6) and later were 
adjusted by trial and error to best fit the model predictions to the ex- 
perimental tissue concentrations. 


The ability of trilaminate controlled-release disks fabricated from 
2-hydroxyethyl methacrylatemethyl methacrylate copolymers to deliver 
tetracycline a t  a constant release rate when implanted in rats has been 
demonstrated. A full range of in uiuo zero-order release kinetics is at- 
tainable through variations in the copolymer composition of the diffu- 
sion-controlling coating membrane of the trilaminate disk. The ability 
of such a device to deliver a pharmaceutical at  a desired constant release 
rate over a long period is extremely valuable both as a therapeutic and 
an investigational tool. This system may be extended to the study of other 
drugs where long-term constant delivery rates are desired. 


A flow-limited pharmacokinetic model is presented that utilizes the 
ability of the trilaminate controlled-release device to deliver tetracycline 
at  constant rates over a prolonged implantation period. Predictions based 
on this model are consistent with tissue tetracycline concentrations 
measured in experiments with these implant devices. The physiological 
pharmacokinetic model can be utilized to  provide reliable predictions 
of tissue drug levels and is useful in studies of differential organ toxicities 
due to effects caused by the parent drug or its metabolites (27). The model 
also contributes information valuable for the design of proper drug dosing 
regimens and for the fabrication and placement of controlled drug de- 
livery systems designed to deliver drugs to selected physiological target 
sites. 


The coupling of the principles of controlled release from a zero-order 
rate device and long-term physiological pharmacokinetic modeling is a 
unique research concept and will be used in investigational systems where 
such drug delivery characteristics help elucidate physiological rate 
mechanisms. 
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BOOKS 


REWEWS 


Essentials of Toxicology, 3rd Ed. By TED A. LOOMIS. Lea & Febiger, 
600 Washington Square, Philadelphia, PA 19106. 1978.245 pp. 15 X 
24 cm. Price $12.50. 
The newest edition of this basic toxicology text differs little from the 


previous edition in both form and content. The type is slightly larger and 
thus easier to read. Many chapters have few, if any, alterations. Some of 
the additional or revised material to be found includes: updated statistics 
on poisoning and mortality from chemical exposure; an amplified section 
on the influence of the microsomal P-450 enzyme system on chemical 
toxicity; a table of genetically based alterations which account for indi- 
vidual variations in response to drugs and chemicals; a section differen- 
tiating the concepts of biological half-life of a compound versus “half-life 
for toxicity,” using as an example fatty deposition in liver after exposure 
to ethanol; and a brief description of behavioral toxicity studies in ani- 
mals. 


A table on page 60 lists formaldehyde as the toxic metabolite of 
methanol, although recently published data indicated that formate, and 
not formaldehyde, is responsible for ocular toxicity in monkeys and 
presumably in humans. 


Each chapter is adequately referenced to provide the interested student 
with sources of more detailed information. This book cannot be compared 
to other texts such as Casarett and Doull’s “Toxicology, The Basic Science 
of Poisons” (Macmillan) or portions of Goldstein, Aronow, and Kalman’s 
“Principles of Drug Action” (Wiley), both of which deal more extensively 
with toxicologic subject matter. However, “Essentials of Toxicology” 
provides a well-organized introductory approach to toxicology and can 
serve a useful purpose in an orientation course to this highly diversified 
science. 


Reuiewed by Ray Orzechowski 
Philadelphia College of 


Philadelphia, P A  19104 
Pharmacy and Science 


Blood Drugs and Othe r  Analytical Challenges (in Methodological 
Surveys in Biochemistry), Vol. 7. Edited by E. REID. Ellis Honvood 
Ltd., Market Cross House, 1 Cooper Street, Chichester. Sussex, En- 
gland (US. distributor: Halstead Press, a division of John Wiley & 
Sons, 605 Third Avenue, New York, NY 10016). 1978.355 pp. 14.8 X 
22.6 cm. Price $47.50. 
This volume (Volume 7 )  compliments i ts  predecessor (Volume 5 )  and 


is based on the papers presented a t  Bioanalytical Forum held a t  the 
University of Surrey in 1977. The book provides practical information 
of value to the bioanalytical researcher and attempts to present meth- 
odological rationale rather than mere recipes. The first four chapters are 
subdivided into sections, and the fifth chapter represents the notes, 
comments, and discussion in the form of questions and answers on the 
preceding four chapters. 


The first chapter, “The Framework,” sets out the general philosophy 


for development of analytical methods, discusses quality control and 
sources of errors in assays, and presents an overview on analytical method 
evaluation. The second chapter describes aspects of gas chromatography 
(GLC) with problems associated with capillary and packed columns and 
detectors (AFID and ECD). Their applications in drug analysis as well 
as derivatization procedures are discussed also. 


In the third chapter, mass spectrometric methods for drug and en- 
dogenous compound analyses in biological fluids are presented, with 
suitable examples, together with considerations concerning accuracy and 
precision. Discussions of more recent approaches in this field such as 
negative-ion mass spectrometry and HPLC-mass spectrometry are 
particularly valuable. 


The fourth chapter discusses the applications of HPLC to drug anal- 
ysis. Interesting and useful discussions with relevant examples are pro- 
vided on ion-pair HPLC of acid and basic drugs, metabolites, and en- 
dogenous compounds. Various aspects of HPLC such as electrochemical 
detection, sample handling, chemical derivatization including fluores- 
cence labeling, and prechromatographic methods in biomedical trace 
analysis are presented with useful comments and suitable examples. 


The analytical case histories on the assays of bendrofluzide, biperidin, 
and labetalol and its metabolites are interesting and informative. The 
notes and comments in the fifth chapter along with analytical case 
histories of drugs including metoclopramide, procetofenic acid, tienlilic 
acid, practolol, amitriptyline, nortriptyline and benzodiazepines make 
particularly enjoyable reading for the analyst. 


In summary, the reviewer found this book to be a well-balanced blend 
of the theoretical and practical aspects of present techniques and their 
potential applications of trace drug analysis in biological fluids. 


The book is effective in i t s  scope, variety of experiments, and presen- 
tation style. I t  is well planned, emphasizes the rationale of developing 
successful analytical methods for drug analysis by chromatographic 
techniques, and should be useful to analytical chemists working with 
biological fluids. 


Reuiewed by K. K. Midha 
Drug Research Laboratories 
Health Protection Branch 
Health & Welfare Cannda . 
Ottawa, Ontario 
KIA OL2 Canada 


Lange’s Handbook of Chemistry, Twelfth Edition. Edited by JOHN 
A. DEAN. McCraw-Hill, New York, NY 10020. 1978.1170 pp. 15 x 23 
cm. Price $28.50. 
This new edition of Lange’s Handbook u/ Chemistry is a valuable 


updating of a classic one-volume reference. 
A major improvement on the previous edition is the revised section on 


thermodynamics. The new section reflects currently recommended values 
(or heats of formation and Cibbs energies of formation, entropies, heat 
capacities a t  five different temperatures, and heats of melting, vapor- 
ization, and sublimation for 2400 inorganic and 1500 organic com- 
pounds. 
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New to this edition are structure-correlation tables for PMR and IR 
spectroscopy, ionization potentials of molecular and radical species, 
potentials of reference electrodes for water-organic solvent mixtures, 
and a wavenumber/wavelength conversion table. 
In the original edition of this handbook, Dr. N. A. Lange described his 


effort “to select material to meet the needs of chemists who cannot 
command the unlimited time available to the research specialist, or who 
lack the facilities of a large technical library . . . (or who) may find this 
volume of value as a time-saver because of the many tables of numerical 
data which have been especially computed for this purpose.” The present 
edition contains clear, comprehensive tables entirely consistent with the 
original editor’s purpose. The compilations of commonly used infbrma- 
tion in mathematics, atomic and molecular structure, inorganic chemistry, 
analytical chemistry, electrochemistry, organic chemistry, and spec- 
troscopy are complemented by succinct, well-written summaries of basic 
theory in each area. 


This excellent, relatively inexpensive volume would be a useful addition 
to the library of anyone involved in pharmaceutical research. 


Staff Review 


Progress in Drug Research, Vol. 22. Edited by ERNST JUCKER. 
Birkhauser Verlag, P.O. Box 34, CH-4010, Basel, Switzerland. 1978. 
412 pp. 16 X 24 cm. Price Fr. 168. 
This volume of “Progress in Drug Research” contains eight chapters 


of diverse character and subject matter. However, all are expert accounts 
of recent progress or current activity in a particular area of drug re- 
search. 


The first contribution, “Aspects of Social Pharmacology,” discusses 
this emerging discipline. Social pharmacology is described as drawing 
on disciplines ( eg . ,  sociology and economics) outside pharmacology in 
order to better evaluate the effects of drugs as they are usually employed, 
i.e., after controlled clinical studies. The second contribution, “Funda- 
mental Structures in Drug Research II,”is a companion piece to Part I, 
which appeared in Vol. 19 of “Progress in Drug Research.” The basic 
approach is one of showing how the structures of members of a thera- 
peutic group evolve from a lead or prototypical compound. Included in 
Part I1 are antimicrobials, antiprotozoals, anthelmintics, antibiotics, 
antivirals, antineoplastics, steroidal and peptidal hormones, prosta- 
glandins, and vitamins. This work can be useful in several ways, one of 
which is as an efficient summary or outline of structural types associated 
with particular pharmacological activity. 


Chapter three, “Antifungal Agents,” is a good treatment of the clini- 
cally useful antifungal agents. For each agent, there is a summary of 
pertinent chemistry and thorough reviews of m e c h a n i d s )  of action, 
mechanism(s) of resistance, and assessments of current clinical utility. 
Chapter four, “Analgesics and Their Antagonists: Recent Developments.” 
covers the literature since 1970 in a thorough and well-written review of 
synthesis and structure-activity relationships among opium alkaloids 
and synthetic analgesics. A good account of the opioid peptides is in- 
cluded also. 


The fifth contribution, “The Benzodiazepine Story,” recounts inter- 
esting personal research experiences of Leo H. Sternbach in the devel- 
opment of this field of medicinal agents. Additionally, this chapter is a 
good overview of the development of, and the present directions of re- 
search in, benzodiazepines and related compounds. Chapter six, “Anti- 
viral Agents,” carefully reviews recent advances. The agents are grouped 
by chemical type where feasible. Chemical modifications and antiviral 
activities for each group are given. 


The seventh Contribution, “Klinisch-Pharmakologische Kriterien in 
der Bewertung Eines Neuen Antibiotikums. Grundlagen and Method- 
ische Gesichtspunkte,” describes problems encountered and procedures 
involved in the clinical evaluation of new drug entities. A good general 


treatment of the factors involved in antibiotics evaluation is presenteb. 
The concluding chapter, “Drug Research and Human Sleep,” is a concise 
account of the state of the ar t  in the study of the drug effects on sleep in 
human subjects. Included are discussions of factors to be considered in 
accurately measuring drug effects on sleep and the problem of deter- 
mining the significance of these effects. 


The present volume offers a high quality and varied hill of fare. Each 
contribution is current and is authoritatively written. Volume 22 upholds 
the series’ reputation as one of the classic and indispensable reference 
works for any college of pharmacy library. 


Reviewed by Eugene I. Isaacson 
College of Pharmacy 
Idaho S ta te  Ciniuersily 
Pocatello, ID 83209 


Animal Health Products: Design and Evaluation. DONAI,D C. 
MONKHOUSE. American Pharmaceutical Association, 221 5 Con- 
stitution Ave., N.W., Washington, DC 20037. 152 pp. 15 X 2.1 cm, 
soft cover, $14.00 ($9.00 APhA Member Rate). 
The increasing likelihood of a global food shortage is drawing more 


attention to the area of animal health products, particularly those de- 
signed to improve agricultural productivity. Animal Health Products: 
Design and Eualuation is the first booklength compilation of concepts 
and ideas related to research in this field and will doubtless serve as a 
reference text for teaching and for defining future research. As such, it 
is an important and readable contribution to an area largely neglected 
in pharmaceutical journals and texts and rarely addressed by the cur- 
ricula of schools of pharmacy. 


The APhA Annual Meeting symposium from which this volume 
evolved was designed to acquaint scientists working primarily in human 
therapeutics with the rapidly expanding area of veterinary research. The 
growing importance of pharmaceutical support for animal husbandry 
is one reason this volume should he of interest to scientists in this and 
in related fields. Another reason is that the growth of government regu- 
latory requirements for animal products-which are generally stiffer than 
those for human products-is increasing the need for cooperative work 
between scientists in various areas, particularly in toxicology and meta- 
bolic studies. 


A final attraction is the pure intellectual challenge of this area of 
pharmacy. As Dr. Lloyd H. Conover wrote in the “overview” Chapter: 


“The dip-bath constitutes the  greatest challenge I know to the  
art and science of pharmacy. Dip-baths are water-filled vats in 
uhich cattle or sheep take periodic involuntary ‘dips.’ The  active 
cctopnrasiticidal agent, usually in the form of an  emulsifiable 
cwncvntrute, is maintained at an  effectioe concentration by peri- 
odic additions to the bath. Thousands uf animals may  pass 
through a dip-bath in thc course o fa  week, and as they do, oxcre- 
ta ,  soil, microorganisms and other miscellaneous debris accumu- 
late. The  cmulsion must retain its chprnical and physical integri- 
t j ’ i n  the murky  bath for months,  ruhilp the cctoparasiticidal film 
lvft on the  skin and hair of dipped animals must withstand tropi- 
cal rains and sun /or at least a week. Think on this. if you arc ac- 
customcd to  imrking with elegant human dosagc forms!” 


Animal H m l t h  Products covers several of the major problems in vet- 
erinary pharmacy, with particularly good information on the pharma- 
rokinetics of oral dosage forms in multigastric animals, the analyses and 
metaholisrn of tissue residues, the problems of incorporating drugs into 
teed, and the special stability problems of veterinary formulations. 


Staff Reuieiu 
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Urinary Excretion of Dyphylline in Humans 
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Abstract  a The pharmacokinetics and urinary excretion of a single 
dyphylline dose were studied in five normal volunteers. The mean dy- 
phylline half-life was 1.8 f 0.2 hr; the mean total body clearance rate and 
mean renal clearance rate were 333 f 62 and 276 f 52 ml/min, respec- 
tively; and the mean volume of distribution was 0.8 f 0.2 literkg. In the 
urine, 83 f 570 of the dose was excreted as unchanged drug, and theo- 
phylline was not detected. Dyphylline doses of 19-27 mg/kg, resulting 
in peak serum dyphylline concentrations of 19.3-23.5 pg/ml, were tol- 
erated well by four subjects. One subject had a severe headache following 
a 28-mghg dose, associated with a peak serum dyphylline concentration 
of 36.4 pg/ml. This study confirms speculation that dyphylline is not 
metabolized to theophylline in uiuo. 


Keyphrases 0 Dyphylline-urinary excretion, pharmacokinetics, hu- 
mans 0 Muscle relaxants, smooth-dyphylline, urinary excretion, 
pharmacokinetics, humans 0 Pharmacokinetics-dyphylline, urinary 
excretion, humans 


Dyphylline (dihydroxypropyltheophylline) is 70% 
theophylline by molecular weight ratio (1) and is said to 
be stable in uitro and in uiuo (2). Whether it is eliminated 
by metabolism, excretion, or both is unknown. 


Dyphylline has a mean half-life of 2.1 hr in humans (3) 
and, therefore, might be expected to be clinically useful 
only if given very frequently or in very high doses. Al- 
though doses of 15 mghg (4) and 1000 mg (51, resulting in 
mean peak serum dyphylline concentrations of 12 and 16 
pg/ml, respectively, have some bronchodilator effects, in 
uitro studies indicated that much higher doses may be 
required for optimal bronchodilation (6). 


The tolerance to high single dyphylline doses in normal 
volunteers was assessed, and an attempt was made to de- 
termine whether the drug is metabolized in uiuo or is ex- 
creted unchanged. 


EXPERIMENTAL 


Materials-All solvents and reagents were analytical grade'. 
Dyphylline Assay -Dyphylline concentrations in aqueous solution, 


serum, urine, and feces were measured by reversed-phase, high-perfor- 
mance liquid chromatography (HPLC) using a modified method of Or- 
cutt et al. (7). 


T o  50 pl of water or serum in a 10 X 75-mm test tube was added 100 
pl of aqueous /3-hydroxyethyltheophyllinez (7.5 pg/ml) as the internal 
standard. A 25-pl aliquot of 20% trichloroacetic acid was added, and the 
solution was mixed and centrifuged. The supernate was transferred to 
a clean 13 X 100-mm test tube. After buffering with 300 pl of 2.5 M, pH 
6.4 acetate buffer, the solution was extracted with 2 ml of 20% isopropanol 
in chloroform by mixing and centrifugation. The aqueous supernate was 
aspirated, and the organic layer was evaporated to dryness using low heat 
and a dry nitrogen stream. The sample was redissolved in 60-100 pl of 
mobile phase, and 25 pl was injected directly into the chromatograph. 


To 50 pl of urine or fecal slurry were added 50 pl of aqueous P-hy- 
droxyethyltheophylline (15 pgiml) and 300 pl of 2.5 M, p H  6.4 acetate 
buffer. This sample was extracted directly with 2 ml of 20% isopropanol 
in chloroform and then treated similarly to the serum samples. 


Instrument-A component-system high-performance liquid chro- 


I Fisher Scientific Co., Fair Lawn, NJ 07410 * Pierce Chemical Co.. Rockford, IL 61 105. 


matograph3 was used with a 30-cm X 3.9-mm i.d. stainless steel column4 
containing reversed-phase packing. The solvent was 6.5% acetonitrile 
in 0.01 M ,  pH 4.0 sodium acetate buffer. The flow rate was 2 ml/min a t  
an operating pressure of 1500-2000 psi. Absorbance was measured at 280 
nm. Under these conditions, dyphylline and the internal standard eluted 
at 9.0 and 10.5 min, respectively. 


Dyphylline Conjugation in Urine-Pooled 24-hr urine samples from 
four subjects were analyzed for dyphylline conjugates. To 0.5-ml aliquota 
of urine were added 100 p1 of water, 100 pl of concentrated hydrochloric 
acid, or 100 p1 of 8-glucuronidase6 solution, 250 U/100 p1 in 0.15 M, pH 
6.9 phosphate buffer. Samples were incubated a t  37' for 24 hr and ana- 
lyzed for dyphylline. 


Dosage Form-The dyphylline content in five tablets6 was deter- 
mined by crushing the tablets and dissolving the dyphylline in water. 


Kinetic Study-Dyphylline pharmacokinetics were studied in five 
volunteers, ages 20-35 years, after informed consent was obtained. All 
were healthy, nonobese, nonsmokers who were not taking any medica- 
tion. They abstained from methylxanthine-containing foods and bev- 
erages for 15 hr before and during the study. 


Each fasting hb jec t  received a single dose of 1400 or 1600 rng of dy- 
phylline6 by mouth (range 19-28 mg/kg) with 180 ml of water. A light 
lunch was permitted 3 hr later. Venipuncture was performed before drug 
ingestions and then every 15 min until 1.5 hr and hourly from 2 to 8 hr. 
Urine samples were collected before and for 24 hr after drug ingestion. 
For four volunteers, the urine collected after drug ingestion was pooled 
and measured, and an aliquotwas analyzed for dyphylline. For the fifth 
volunteer, timed urine specimens and fecal samples were collected for 
24 hr, and the dyphylline content of each was analyzed. 


Data Analysis (@-The log serum dyphylline concentration uersus 
time data were plotted, and the terminal linear portion of the graph was 
fitted to Eq. 1 by linear regression using a programmable pocket calcu- 
lator': 


In C, = In C; - K t  (Eq. 1) 


where C, is the serum dyphylline concentration a t  any time ( t ) ,  CE is the 
serum dyphylline concentration extrapolated to zero time, and K is the 
first-order elimination rate constant. 


Table I-Serum Dyphylline Concentrations (Micrograms pe r  
Milliliter) and Amount of Dyphylline Excreted in Ur ine  


Hours 
Subject 


1 2 3 4 5 


0.25 
0.5 
0.75 
1.0 
1.25 
1.5 
1.75 
2.0 
3.0 
4.0 
5.0 


6.7 R.3 1.4 0 0 _ .  


12.5 34.7 10.9 i.0 16.3 
19.3 33.9 22.2 6.2 23.3 
18.1 36.4 23.5 13.7 21.0 
17.4 33.7 22.1 19.3 20.0 
16.6 29.7 21.5 14.4 19.7 
- - 20.2 14.0 16.6 
14.2 23.2 i8.i 12.0 16.0 
9.8 17.7 11.8 9.9 10.4 
7.4 9.4 7.9 7.0 7.8 
4.7 6.3 4.7 4.5 5.3 


6.0 3.8 4.0 3.0 2.6 3.3 
7.0 2.3 2.9 1.9 2.4 2.0 
8.0 1.4 1.9 1.2 1.9 1.8 
AUC, pg/ml/hr 67.68 110.97 74.31 57.29 74.57 
A:, me. 1227 1301 1230 1150 1222 


Model UK injector, model 6000A high-pressure pump, and model 440 absorb- 


rBondapak CIS. Waters Associatea, Milford. MA 01757. 
i3-Clucuronidase type I crude bacterial powder, Sigma Chemical Co., St. Louis, 


Airet 400-mg tablets, Baylor Laboratories, Hurst, TX 76053. 


ance detector, Waters Associates. Milford, MA 01757. 


MO 63178. 


7 H-P 67, Hewlett-Packard, Corvall~a. OR 97330. 
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Table I!-Dyphylline Pharmacokinetic Constants 


Subject 
4 5 Mean f SD Parameter 1 2 3 


73 
19 
0.38 
1.8 


19.3 
0.75 
0.75 


345 
88 


303 


57 
28 
0.43 
1.6 


36.4 
1;o 
0.59 


240 
81 


195 


60 
27 
0.45 
1.5 


23.5 
1 .o 
0.80 


360 
77 


276 


68 
21 
0.32 
2.1 


19.3 
1.25 
1.11 


407 
82 


334 


68 
21 
0.38 
1 .a 


23.3 
0.75 
0.73 


313 
87 


272 


65 f 7 
23 f 4 


0.39 f 0.05 
1.8 f 0.2 


24.4 f 7.0 
1.0 f 0.2 


0.80 f 0.19 
333 f 62 


83 f 5 
276 f 52 


Total body clearance (( ‘ I)  was calculated using: 
AI’C (‘1 = - n (Eq. 2) 


where AIIC is the area under the serum dyphylline concentration-time 
curve calculated using the trapezoid rule. The apparent volume of dis- 
tribution ( V d )  was determined using: 


I 1  


vd = K  (Eq. 3) 


In one subject from whom timed urine samples were collected, renal 
clearance (C‘/R) was calculated using: 


L dAe) 


(Eq. 4) 


where dA,,/dt is the excretion rate calculated a t  the same time that C ,  
was determined. In this study, dA,/dt was calculated as AAJAt a t  2-hr 
intervals. I n  the other four subjects in which pooled 24-hr urine was 
collected, renal clearance was calculated using: 


CLR = ( f ) (c / )  (Eq. 5)  


where is the dose fraction excreted in the urine as unchanged drug. 


RESULTS AND DISCUSSION 


Dyphylline content in five tablets of 400-mg label strength was 393.8 
f 11.2 mg. Although the range of tahlet content was f3%,  within the usual 
IJSP range of f 7 %  of label strength, the doses used in this study were 
pro1)ably less than calculated. 


Serum dyphylline concentrations in the five subjects following 19- 
%-mg/kg doses are shown in Table 1, and the pharmacokinetic param- 
eters are listed in Table 11. A typical log serum dyphylline concentration 
i’vrsus time plot is shown in Fig. 1. 


In the five subjects, peak serum dyphylline concentrations occurred 
within 1 hr (Table II), confirming a previous report (3). The maximum 
dyphylline concentration in the present study was 36.4 pg/ml in a subject 


30 t 
D08L 26.a mg/kg 
A% 1230 mg 


mc 
In C p  = In 46.63 - 0.461 


r = 1.000 
t% = 1.6 hr 


I I I I I I I 


1 2 3 4 6 6 7 8  
HOURS 


Figure 1 - Log serum dyphylline concentration versus time for Subject 
. I  


who received 28 mg/kg. The mean dyphylline half-life was 1.8 f 0.2 hr, 
similar to the previously reported value of 2.1 f 0.4 hr (3). The mean 
dyphylline clearance rate was 333 f 62 ml/min, while the mean apparent 
volume of distribution was 0.8 f 0.2 literkg. 


It  has been speculated that dyphylline is not metabolized in uiuo, al- 
though unchanged dyphylline has not been detected in the urine by GLC 
(9) .  The dyphylline elimination mechanism has not been reported pre- 
viously. In these five subjects, 83 f 5% of the dyphylline dose was excreted 
in the urine in the unchanged form. Theophylline was not identilied in 
serum or urine. There was no evidence of glucuronide or other types of 
conjugation; pooled urine samples treated with acid or 8-glucuronidase 
showed no change in the dyphylline concentration (10). 


In Subject 1, the renal clearance of dyphylline calculated using Eq. 4 
was 311 ml/min, consistent with 303 ml/min calculated from Eq. 5. The 
mean renal clearance in the five subjects was 276 f 52 ml/min. These 
results suggest that dyphylline is actively secreted as well as filtered by 
the glomerulus. 


1)yphylline bioavailability from oral tablets is -100% of availability 
from intramuscular administration (3) .  Analysis of feces collected a t  12 
and 23 hr in Subject 1 accounted for only a further 9.4 mg (0.7%) of the 
dose in addition to the 88Yo found in urine. The small amount of drug in 
feces may have been secreted by the bile or may not have been ab- 
sorbed. 


Presently, the recommended dyphylline dose in adults is 400 mg tid, 
although effective single doses are a t  least 15 mg/kg (4)  or 1000 mg (5) .  
The range of serum levels associated with optimal bronchodilation 
without toxicity is unknown, although dyphylline is said to have a wider 
therapeutic-toxic range than theophylline and to cause fewer adverse 
effects in the GI and central nervous systems (11 .  12). In the present 
study, only one subject experienced adverse effects, namely severe 
headache, after a single 28-mgkg dyphylline dose, associated with a peak 
serum dyphylline concentration of 36.4 pg/ml. The other four subjects 
tolerated doses of 19-27 mgkg and peak serum dyphylline concentrations 
of 19.3-23.5 pg/ml without symptoms. 


The adverse effects following a single high dyphylline dose in one 
subject and the short drug half-life remain major obstacles to its effective 
use in clinical practice, even with sustained-release formulations (9). 
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Abstract  o A commercial amitriptyline hydrochloride solution was 
stored a t  80' for up to 3 months. High-performance liquid chromatog- 
raphy showed no evidence of amitriptyline hydrochloride degradation. 
The method also indicated that two reported degradates, 34propa- 
1,3-dienyl)-1,2:4,5-dibenzocyclohepta- 1,4-diene and dibenzosuberone, 
were present a t  levels less than 0.1% (the detection limit of the method) 
under the storage conditions. The stability of the commercial solutions 
is attributed to their relatively low ratio of headspace oxygen to ami- 
triptyline hydrochloride. 


Keyphrases Amitriptyline hydrochloride-stability, commercial 
aqueous solutions, high-performance liquid chromatography Anti- 
depressants-amitriptyline hydrochloride, stability, commercial aqueous 
solutions, high-performance liquid chromatography 0 High-performance 
liquid chromatography-analysis, arnitriptyline hydrochloride in com- 
mercial aqueous solutions, stability 


Amitriptyline hydrochloride decomposition products 
in aqueous solution were identified by Enever et al. (1). 
More recently, the same investigators reported a number 
of factors that influence the drug's decomposition rate (2). 
The latter study indicated that aqueous amitriptyline 
hydrochloride solutions could undergo appreciable de- 
composition after even a few days of storage a t  80". 


Neither study reported data for amitriptyline hydro- 
chloride stability in marketed parenteral solutions. The 
purpose of this investigation was to assess the stability of 
an aqueous amitriptyline hydrochloride solution in one 
such formulation'. 


EXPERIMENTAL 


Materials-Amitriptyline hydrochloride*, dibenzosuberone3, and 
methanesulfonic acid' were used without further purification. All other 
chemicals were reagent grade. 


High-Performance Liquid Chromatography (HPLC)-Appara- 
tus-The liquid chromatograph6 was equipped with a fixed-wavelength 
detector (254 nm), an oven, and an integrator. 


Column-A 30 X 0.39-cm (i.d.) column containing a nitrile-bonded 
phase packin8 was used at 30" with a mobile phase flow of 2 ml/min. 


Mobile Phase-For amitriptyline hydrochloride analysis. acetoni- 
trile-0.02 M ammonium acetate plus 0.01 M methanesulfonic acid in 


Elavil. 10 mg/ml in a 10-ml multidose vial, Merck Sharp & Dohme, West Point, 


* Merck Sharp & Dohme. West Point. Pa. 
Aldrich Chemical Co.,  Milwaukee, Wis. 


4 Eastman Kodak Co.. Rochester. N.Y. 
Hewlett-Packard model 1084, Avondale, Pa. 


8 WBondapak CN, Waters Asaociates, Milford. Mass. 


Pa. 


Table I-Amitriptyline Hydrochloride in Aqueous Solution 
Stored at 80' 


Found, Percent of 
Days mg/ml Initial 


Initial 
4 
8 


11 
16 
20 


10.21 
10.32 
10.25 ~ ~~ 


10.24 
10.20 
10.10 


101 
100.4 
100.3 
99.9 
98.9 


24 10.15 99.4 
28 10.16 99.5 
35 10.19 99.8 
90 10.08 98.7 


distilled water (9010) was used. For degradate detection, the ratio was 
5050. 


Sample Preparation-The sample was prepared by diluting a 2.0-ml 
aliquot to 25.0 ml with distilled water. The sample was filtered prior to 
analysis, and 10 p1 was injected onto the column (attenuation 0.0256 
absorbance unit/cm). Samples containing degradates were prepared in 
the same manner and injected a t  an attenuation of 0.0032 absorbance 
unit/cm. 


Quantitation-Quantitation was achieved using the ratio of the sample 
peak area to that of an amitriptyline hydrochloride reference stan- 
dard2. 


Storage of Amitriptyline Hydrochloride Solutions-Multiple-dose 
vials' (10 ml) were stored in a forced-air oven' maintained a t  8O0..Vials 
were withdrawn a t  predetermined times and stored a t  5' prior to analysis 
a t  the completion of the study (3 months). 


Synthesis of 3-( Propa-  I ,J-dienyl)- I ,2:4,5-di benzocyclohepta- 
1.4-diene (I)-An authentic sample of I was prepared from amitriptyline 
N-oxide dihydrate (3) by Cope elimination (125'/2 hr). The product was 
isolated by ether extraction and purified by column chromatography on 
silica get with carbon tetrachloride elution. The purified sample was 
characterized by TLC and spectra (UV, NMR; and mass) and was stored 
a t  so. 


RESULTS AND DISCUSSION 


The results (Table I) showed no detectable amitriptyline hydrochloride 
loss in aqueous solutions stored a t  80' for up to 90 days. The results are 
unusual only in that  the solutions studied by Enever ef al. (2) showed 
amitriptyline hydrochloride losses from 5 to 90% after Rtorage a t  80' for 
30 days. The solutions used in the earlier study contained 2 mg ofami- 
triptyline hydrochloride/ml buffered at  pH 3.0 or 5.0 and were sealed in 
ampuls with a 4:l ratio of headspace to solution (2). The commercial 
formulation contained 10 mg of amitriptyline hydrochloride/ml in an 
unbuffered solution that also included 44 mg ofdextrose/ml, 1.5 mg of 


' Model OV-490A-2. Blue M Electric Co., Blue Island, 111 
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Abstract 0 Hydrogen triiodide adducta were prepared from N,N- 
dimethylacetamide, N-alkylpyrrolidone derivatives, and polyvinylpyr- 
rolidone, and their structures were investigated by IR spectra and X-ray 
structure analyses and compared with the structure of povidone-iodine 
USP. The results suggest that the iodine in povidone-iodine USP is 
complexed by the polymer such that a proton is fixed uia a short hydrogen 
bond between two carbonyl groups of two pyrrolidone rings and that a 
triiodide anion is bound ionically to this cation. 


Keyphrases Povidone-iodine-structure, hydrogen triiodide adducte, 
IR spectra, X-ray structure analysis Anti-infectives, topical-povi- 
done-iodine, structure, hydrogen triiodide adducts, IK spectra, X-ray 
structure analysis Models, molecular-povidone-iodine 


Povidone-iodine has been used as a multivalent, local, 
broad-spectrum antiseptic having bactericidal, fungicidal, 
sporicidal, protocidal, and virucidal properties. Based on 
the observation that combining iodine with polyvinyl- 
pyrrolidone (PVP) reduces iodine vapor pressure and in- 
creases iodine solubility in water (l), methods were pat- 
ented that provide a polyvinylpyrrolidone-iodine adduct 
(povidone-iodine USP). Its aqueous solution has a higher 
stability in storage (smaller loss of available thiosulfate- 
titratable iodine) than an iodine solution in water con- 
taining polyvinylpyrrolidone. 


BACKGROUND 


A conventional method of preparing powdered povidone-iodine in- 
volves efficient mixing of elemental iodine with powdered polyvinyl- 
pyrrolidone’. The mixture is heated a t  an elevated temperature until the 
ratio of thiosulfate-titratable iodine to iodide ions is -2:l (2.3). Only this 
ratio of iodine to iodide ions ensures adequate povidone-iodine stability. 
Stability is defined as: ( a )  a low iodine loss as determined in a 10% 
aqueous povidone-iodine solution, and (b) a high iodine distribution 
coefficient, cidins in water/cidi, in n-heptane, between an aqueous phaee 
and an n-heptane phase. 


The distribution coefficient is the quotient of the iodine concentrations 
in water and in n-heptane as obtained according to a literature method 
(4) on extracting iodine from an aqueous povidone-iodine solution with 
n-heptane. Povidone-iodine also may be obtained without heating by 
mixing iodine with polyvinylpyrrolidone’ and an iodide-containing 
substance a t  room temperature or by drying an iodide-containing poly- 
vinylpyrrolidone’ solution and mixing the polyvinylpyrrolidone-iodide 
with iodine (5). 


In addition to the patent literature, numerous publications have dealt 
with the polyvinylpyrrolidone-iodine structure. The term polyvinyl- 
pyrrolidone-iodine has been used both for the product obtained by an- 
nealing iodine with polyvinylpyrrolidone a t  an elevated temperature and 
for the adduct formed on dissolving iodine in water containing this 
polymer. The papers discussed investigations into the structure of iodine 
adducb of natural and other synthetic polymers. 


A comprehensive review article, published in 1953, dealt with numerous 
polyvinylpyrrolidone complexes and mentioned the adsorptivity of 
polyvinylpyrrolidone for iodine (6). The IR spectra were interpreted as 
suggesting that iodine molecules, triiodide ions, and adducta of poly- 
vinylpyrrolidone and iodine coexist. Furthermore, strong polarization 
of the iodine molecules in the adduct was inferred from the direction of 
dissociation of the iodine molecule as discussed recently (Scheme I) (7). 
Disproportionation of the iodine into hypoiodite and iodide also was 


According to the USP definition for povidone. 


postulated (@-lo). 


PVP (i - 1) 12 + I p  c4 PVP (i.12) (outer complex) 
s (PVP.I,/2)”2+ - (Isi/2)~’2- (inner complex) 


Scheme I 


The influence of the iodide ion on iodine bonding to polyvinylpyrrol- 
idone in chloroform and water waa investigated (11-17). Molecular iodine 
was bonded to polyvinytpyrrolidone in chloroform (18). In aqueous so- 
lution in the presence of potassium iodide, the polymer-bonded species 
was triiodide, with the potassium ion complexed directly so that an in- 
soluble product was precipitated from solution. 


The literature provides few details of the solid polyvinylpyrrolidone- 
iodine structure. The only existing reference (19) concerns the structure 
of polyvinylpymolidone-iodine obtained by heating polyvinylpyrrolidone 
containing 10% water with iodine at 60’ for 24 hr. According to the ratio 
of polyvinylpyrrolidone to iodine, some of the iodine was no longer ti- 
tratable with thiosulfate. The greater the ratio, the higher was the molar 
polyvinylpyrrolidone excess. On extrapolation to an infinitely large 
polymer excess, 38.3% of the iodine was calculated to be present after 
complexation in a form that was not titratable with thiosulfate. 


Moreover, water was involved in the reaction of iodine and poly- 
vinylpyrrolidone; 7.4 f 3.8 moles of water was lost per mole of nontitra- 
table iodine and 2.33 f 0.16 moles of acid was liberated per mole of 
nontitratable iodine. The UV-visible spectra revealed that triiodide ions 
were present. 


To explain the amount of triiodide and protons formed, the decrease 
in the amount of water, and the residual iodine, previous investigators 
(19) assumed that the iodine hydrolysis reaction (Scheme 11): 


I2 + HzO i= 10- + I- + 2H+ 
Scheme I1 


is favored greatly by the presence of polyvinylpyrrolidone so that an io- 
dine complex, PVP-(12)x(IO-, I-)>, y/x < 1.5, results in which iodide and 
hypoiodite are present in addition to iodine. Similarly, Takikawa ut a1 
(20,21) postulated accelerated iodine hydrolysis in aqueous solution in 
the presence of polyvinylpyrrolidone and complexation to the polymer 
of the triiodide ion made up of iodide and nonhydrolyzed iodine. 


The normal iodine hydrolysis equilibrium constant is Kw = 5.4 X 10-13 
(22). Such an extreme shift of the iodine hydrolysis equilibrium by 
polyvinylpyrrolidone seems unlikely. Rather, it was assumed that heating 
a mixture containing -8.3 mole % of iodine/mole (based on monomer) 
of polyvinylpyrrolidone containing 1-570 (w/w) water [the ratio typical 
o f  povidone-iodine containing 10% (w/w) active iodine] reduced iodine 
to iodide with hydrogen iodide formation until, after reduction of one- 
third of the iodine amount used, a stable hydrogen triiodide-polyvinyl- 
pyrrolidone complex was present. The formation of 2 moles 01 acid/mole 
of nontitratable iodine cwld be explained by hydrogen itdide formation 
with hydrolysis of an intermediate iodized compound (Scheme 111): 


RH + I2+ HzO -. ROH + 21-+ 2Hf 
Scheme 111 


The  iodine could have oxidized impurities or end groups (RH) in the 
polyvinylpyrrolidone in small amounts (4.028 equivalent/mole (based 
un monomer) of polymer in commercial povidone-iodine]. 


T o  confirm this hypothesis, some well-defined crystalline adducts of 
the lig2 - HI3 type were prepared as models of povidone-iodine materials. 
The ligands (lig) included N,N-dimethylacetamide, N-alkylpyrrolidones, 
and 1,3-bis(2’-pyrrolidinon-l’-yl)butane (11, a section of a polyvinyl- 
pyrrolidone chain with the structure: 


002235491 791 1200- 1505$0 1.001 0 
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The resultant complexes were identified structurally and compared by 
IR spectroscopy with the analogous hydrogen triiodide adduct of poly- 
vinylpyrrolidone prepared from polyvinylpyrrolidone, hydrogen iodide, 
and iodine and with polyvinylpyrrolidone-iodine or povidone-iodine 
obtained by annealing polyvinylpyrrolidone or povidone with iodine. 
Both a low ( M ,  - 1000) and a high ( M ,  - 10,000) molecular weight 
product (povidone USP) were used to analyze bonding in compounds 
having one or two pyrrotidnne rings, oligomers having about nine pyr- 
rolidone rings (polyvinylpyrrolidone of R, - lOOO), and polymers having 
-90 pyrrolidone rings (R, - 10,000). 


I. 


EXPERIMENTAL2 


Preparation of (N,N-Dimethylacetamide)2 * Hydrogen Triiodide 
(1)-To a solution of 33.84 g (133 mmoles) of iodine in 34.84 g (400 
mmoles) of N,N-dimethylacetamide was added dropwise a t  room tem- 
perature 24.32 g (133 mmoles) of hydrogen iodide as a 70% aqueous so- 
lution. The mixture was well stirred and cooled throughout the addition. 
Then the solution was diluted with 200 ml of methylene chloride and was 
added to 6000 ml of n-hexane. A dark solid precipitated and was filtered. 
The residue was washed with n-hexane and dried in uacuo to give 69.7 
g (94% yield) of I as a dark solid (mp 79'). Recrystallization from meth- 
anol gave 53.5 g (72% yield) of I as dark-brown crystals (mp 81'). 


And-Calc. for C8H1913N203: C, 17.3; H, 3.4; I-, 22.9; Io, 45.8; N, 5.04. 
Found: C, 17.4; H, 3.6; I-, 22.6; In, 45.9; N, 5.1. 


Other hydrogen triiodide adducts were prepared similarly. 
(N-Methylpyrrolidone)2 - Hydrogen Triiodide (11)-Compound I1 


formed dark red-brown crystals, mp 72-74O, in a 72% yield. The IR 
spectrum is shown in Fig. 1. The structure was identified by X-ray 
structure analysis (25) (Figs. 2 and 3). 


Anal.-Calc. for C10HlgT3N203:.C, 20.7; H, 3.3; I,, 65.6 In, 43.8; N, 4.8. 
Found: C, 20.9; H, 3.2; I,, 65.7; I", 44.3; N, 4.8. 


(N-/sopropylpyrrolidone)2 - Hydrogen Triiodide (Ill)-Compound 
I11 formed dark-red-brown crystals, mp 108-110', in a 23% yield. 


Anal.-Calc. for CldH27I~N202: C, 26.4; H, 4.3; I,, 55.9; Io, 39.9; N, 4.4. 
Found: C, 26.6; H, 4.1; I,, 59.5; I", 39.8; N, 4.8. 


(N-sec-Rutylpyrrolidone)Z - Hydrogen Triiodide (I V)-Compound 
IV formed a brown powder, mp 87-88O, in a 99% yield. 


Anal.-Calc. for C L ~ H ~ L I ~ N ~ O ~ :  C, 28.9; H, 4.7; I3,57.3; lo, 38.2; N, 4.2. 
Found: C, 29.2; H, 4.7; I,, 56.8; In, 39.1; N, 4.2. 


Preparation of [ 1,3-Bis(2'-pyrrolidinon-l'-yl)butane] * Hydrogen 
Triiodide (V)-To a cooled and well-stirred solution of 12.7 g (50 
mmoles) of iodine and 11.2 g (50 mmoles) of 1,3-his(2'-pyrrolidinon-l'- 
yl)butane in 45 ml of methylene chloride was added dropwise at room 
temperature 9.14 g (50 mmoles) of hydrogen iodide as a 70% aqueous 
solution. The solution was added to 1.5 liters of n-hexane, and 29.9 g of 
V precipitated as a red-violet powder (98.5% yield, m p  128'). Recrys- 
tallization afforded red-brown crystals (mp 136'). The IR spectrum is 
shown in Figs. 1 and 4. 


And-Calc. for C12Hp&N202: C, 23.7; H, 3.5; I;, 62.7; In, 41.8; N, 4.6. 
Found: C, 24.2; H, 3.6; 1;,62.7; I", 42.2; N.4.8. 


Preparation of Polyvinylpyrrolidone Hydrogen Triiodide Adduct 
[ ( C ~ H S N O ) ~  * HI3l-s (V1)-The direct synthesis of VI was performed 


Melting points are uncorrected. IR spectra of the solid crystalline samples were 
recorded on potassium brnmide pellets (1-2 mg of substance/300 mg of potassium 
hrumide), while liquid samples were measured as thin films between potassium 
hromide disks or in thin cells. Spectra were taken with a Perkin-Elmer spectrometer. 
model 521 or 325. or a Digilab FTIR B/D-15. The absorptions discussed in the text 
and figures are in reciprocal centimeters. Microanalyses were run by the analytical 
laboratory of BASF Aktiengesellschaft. 


Iodine tbisublimed), hydrogen iodide, and potassium iodide were obtained from 
E. Merck, Darmstadt, West Germany, and were reagent grade. N,N-Dimethyl- 
arrtamide and the N-alkylpyrrolidones were obtained from BASF Aktiengesell- 
schaft. Ludwigshafen, West Germany, and distilled before use (purity > 99.0% by 
GLC). Reagent grade methylene rhloride, methanol, and n-hexane were used as 
solvents as supplied hy E. Merck. 


1,3-Bis(2'-pyrrolidinon-l'-yl)butane was obtained by a literature method (23) 
from N-vinylpyrrolidone by dimerizatinn and hydrogenation. The product was pure 
both analytically and by GLC (>99.0%) on distillation in a spinning band 
column. 


The low molecular weight polyvinylpyrrolidone was obtained by free radical 
golymerization [Mn - 1O00, Mu - 2500, -2% (w/w) water] and was used as supplied 


The high molecular weight olyvinylpyrroidone was obtained by free-radical 
polymerization nn - lO,oOO, bu - 40,000, -2.1% (w/w) water] and was used as 
supplied by BAAF Aktiengesellschaft without further purification. It met the USP 
requirements for povidone. 


The povidone-iodine distribution coefficient was determined by a literature 
methnd (4).  The decrease in available iodine on heat storage (15 hr, SO0)  of a 10% 
aqueous povidone-iodine solution was determined according to USP XIX by a 
method similar tn that described in the literature (24).  


y BASF Aktiengesellschaft without further urification. 


4000 3000 2000 1600 1200 800 400 
3500 2500 1800 1400 1000 600 


CENTIMETERS-' 
Figure 1-IR spectra of N-methylpyrrolidone (Ila), 1,3-bis(2'-pyrro- 
lidinon-1'-y1)butane (Va), polyvinylpyrrolidone with Mn - loo0 (Vla), 
(N-methylpyrro1idone)z - hydrogen triiodide (Il), [1,3-bis(2'-pyrroli- 
dinon-1'-yl)butane] hydrogen triiodide (V),  and [(C&gNO)2 - H13]-5 
(VI) based on polyvinylpyrrolidone with mn - 1000. 


as follows. Polyvinylpyrrolidone? (calc. loo%), 11.1 g (0.1 mole based on 
monomer), was dissolved in 400 ml of analytical grade methanol, and 9.14 
g of 7Wo aqueous hydrogen iodide solution (0.05 mole) was added. Iodine, 
12.7 g (0.05 mole), dissolved in 250 ml of analytical grade methylene 
chloride, was dripped slowly into the solution; a homogeneous, slightly 
turbid solution was obtained. The solvents were distilled off in uacuo in 
a rotary evaporator (540'). The resultant solid was dried over phos- 
phorus pentoxide to constant weight in a vacuum desiccator. 


The product (VI), a black-brown powder, was sparingly soluble in 
water. Its IR spectrum is shown in Figs. 1 and 4. 


Anal.-Calc. for (C12H&NO),: C, 23.8; Itod, 63.0; I,, 63.0; I-, 42.0; 
N, 4.6. Found: C, 24.6; Itoh], 59.5; I;, 57.8; I-, 40.7; N, 4.4. 


Preparation of Polyvinylpyrrolidone Hydrogen Triiodide Adduct 


l i  
2 eo 


H 


Figure 2-Mean bond lengths and angles in 11. 


~~~ ~ - 1o00, mu - 2500, -2% water. 
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*A - 
Figure 3-Structure of I1 determined by X-ray strueture analysis: alb 
project ion. 


[(C&I9NO)l9.4 * HIS], (Low Molecular Weight) (VII) According to 
Composition of Povidone-Iodine USP XIX-Method A: Direct Syn- 
thesis-P~lyvinylpyrrolidone~ (calc. 100%), 111.1 g (1  mole based on 
monomer), was dissolved in 105 ml of distilled water. Then 9.4 g (0.052 
mole) of 70% aqueous hydrogen iodide and 13.07 g (0.052 mole) of pow- 
dered iodine were added and dissolved. The solution was freeze dried, 
ground, and dried over phosphorus pentoxide in uacuo in a desiccator. 
The product (VIIa), a red-brown powder, was readily soluble in water. 


The distribution coefficient was 163, and the iodine loss was 22.0%. The 
differential IR spectrum between VIIa and the starting polyvinylpyr- 
rolidone is shown in Fig. 5. 


Anal.-Calc. for [(C6HgN0)19.4. HIa],,: C, 55.1; H+, 0.38; It,,h~, 15.0; 
I3,15.0; I-, 10.0; N, 10.7. Found C, 52.5; H+,0.38; It,,h~, 15.0; I;, 14.5; I-, 
9.7; N, 9.5. 


Method B: Thermic Reaction-Poly~inylpyrrolidone~, 121 g (1 mole 
based on monomer), was mixed intimately with 19.6 g (0.0772 mole) of 
iodine, and the mixture was heated at 90° until no further decrease in 
thiosulfate-titratable iodine occurred. The product (VIIb), a red-brown 
powder, was readily soluble in water. 


The distribution coefficient was 189, and the iodine loss was 18.2%. The 
differential IR spectrum between VIIb and the starting polyvinylpyr- - .  . .~ 


rolidone is shown in Fig. 5. 


14.9 I;. 14.0 I-. 9.8 N. 9.6. 
Anal.-Calc. for [ ( C ~ H S N O ) ~ ~ . ~  - HIS],: Found: C, 52.0; H+, 0.40; It,,hi, 


Preparation of Poly&ylpyrrolidone Hydrogen Triiodide Adduct 
[ (C&N0)2 * HIsl-45 (VII1)-The direct synthesis of VIII was ac- 
complished as follows. Polyvinylpyrrolidone5 (calc. lOO?"), 11.1 g (0.1 mole 
based on monomer), was dissolved in 800 ml of analytical grade methanol. 
Then 11.37 g of 55.9% (0.05 mole) aqueous.hydrogen iodide solution was 
added with efficient stirring, and 12.7 g (0.05 mole) of iodine in 500 ml 
of analytical grade methanol was dripped slowly into the solution. The 
product was prepared as described for VI. 


Compound VIII formed as a black-brown powder (30.2 g, 99.5% yield). 
Its IR spectrum is shown in Fig. 4. 


a 


80 m? 


7 90 


0\500' 1400 ' 1200 . 1000 900 800 700 600 500 460 
1500 1300 1100 


WAVE NUMBER, cm-' 
Figure 5-Differential I R  spectra between [(CdgNO)19.7 - HIS], based 
on polyoinylpyrrolidone with m,, - lo00 (Vlla, direct synthesis; Vllb, 
heating with iodine) and the starting polyuinylpyrrolidone. 


Anal.-Calc. for (C12H&NO),,: C, 23.8; Itolal, 63.0; I;, 63.0; Io, 42.0; 
N, 4.6; acid value (strongly acidic), 94.8. Found C, 23.4; Iwbl, 62.2; I,, 62.0; 
Io, 45.2; N, 4.6; acid value (strongly acidic), 88.0. 


Preparation of Povidone Hydrogen Triiodide Adduct 
[ (C&NO)l9.4 - HIS], (High Molecular Weight) (IX) (Povidone- 
Iodine USP X1X)-Method A: Direct Synthesis-Polyvinylpyrroli- 
done5 (calc. loo%), 11.1 g (0.1 mole based on monomer), was dissolved 
in 50 g of distilled water. Then 1.17 g of 55.9% (0.052 mole) aqueous hy- 
drogen iodide and 1.31 g (0.052 mole) of iodine were added and dissolved 
by stirring for 10 hr a t  50°. The solution was freeze dried, ground, and 
dried in a desiccator over phosphorus pentoxide. Compound IXa formed 
as a brown, water-soluble powder. 


The distribution coefficient was 243, and the iodine loss was 2.4%. The 
differential IR spectrum between 1x0 and the starting polymer is shown 
in Fig. 6. 


Anal.-Calc. for [(C~HgN0)19.~ . HIS],,: C, 55.1; Itoh], 15.0; I,, 15.0; lo, 
10.0; I-, 5.0; N, 10.7. Found: C, 55.0; Itohl, 14.8; I;, 13.5; I-, 4.5; N, 
11.1. 


Method B: Thermic Reaction-P~lyvinylpyrrolidone~, 113.5 g (1 mole 
based on monomer), was mixed intimately with 21.14 g (0.0833 mole) of 
iodine. Then the mixture was heated at 80-100° until no further decrease 
in thiosulfate-titratable iodine occurred. Compound IXb formed as a 
red-brown powder and was readily soluble in water. 


The distribution coefficient was 229, and the iodine loss was -4.5%. 


1 OOt 
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50 !bfl 
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o v  
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Figure 4-IR spectra of polyoinylpyrrolidone with m,, - 10,000, V,  VI 
based on polyoinylpyrrolidone with m,, - 1000, and [(C&gNO)z. 
H1&5 ( V l l l )  based on polyvinylpyrrolidone with m,, - 10,OOO. 


o&OO' 1400 ' 1200 ' 1000 900 800 700 600 500 460 
1500 1300 1100 


WAVE NUMBER, cm-' 
Figure 6-Differential IR spectra between [(c($ffl0)19.4 (18) - Hf& 
based on polyvinylpyrrolidone with mn - 10,000 (IXa, direct synthesis; 
IXb, heating with iodine) and the starting polyoinylpyrrolidone 


4 mm - 1o00, Hx - 2500, -8% water. 
- 


n, - 10,000. ma - 40,000, -2.1% water = povidone USP. 
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The differential IR spectrum between IXb and the starting polyvinyl- 
pyrrolidone is shown in Fig. 6. 


AnaLCalc .  for [(C6HgN0)1~.0. HI&,: C, 54.4; Itohl, 16.0; IT, 16.0; Io, 
10.7; I-, 5.3; N, 10.6; acid value (strongly acidic), 23.5. Found C, 51.4; I;, 
15.9; I-, 5.5; N, 10.2; acid value (strongly acidic), 30. -- 


RESULTS AND DISCUSSION L 
Well-defined crystalline ligand:! . hydrogen triiodide or ligand - hy- 


drogen triiodide adducts were obtained by reaction of low molecular 
weight model substances for povidone-iodine [N,N-dimethylacetamide, 
N-alkylpyrrolidones, and 1,2-bis(2’-pyrrolidinon-l’-yl) butane, a section 
of a polyvinylpyrrolidone chain] with iodine and hydrogen iodide. The 
compounds had characteristic IR spectra different from those of the free 
ligands (Fig. 1). The elemental analyses were consistent with the indicated 
structures. 


The hydrogen triiodide adducts prepared usually were soluble in 
strongly polar organic solvents such as methanol. They were only spar- 
ingly water soluble and hydrolyzed with the release of iodine (iodine 
flakes, heavy iodine odor). The aqueous solutions showed a strong mineral 
acid reaction due to the hydrogen iodide. The adducts may be regarded 
as ligand-stabilized forms of hydrogen triiodide acid, which does not exist - -  
in the free form. 


As iodophores, the compounds had a high thiosulfate-titratable iodine 
content (45.6% in I). The-adducts were stable for months a t  room tem- 
perature without iodine loss. Dark-red single crystals of I1 of 1 2  cm in 
edge length were grown. 


On reaction with hydrogen iodide and iodine, 1,3-bis(2’-pyrrolidi- 
non- 1’-yl)butane yielded an adduct of the stoichiometry [ 1,3-bis(2’- 
pyrrolidinon-1’-yl)butane].hydrogen triiodide and not R [1,3-bis(2’- 
pyrrolidinon-l’-yl)butane]:! hydrogen triiodide gdduct. The same adduct 
was obtained when using excess ligand. The ligand:! - hydrogen triiodide 
adduct was not obtained with this ligand in any experiment. 


An attempt to prepare a [(CSHgN0)2 - HIS], adduct based on poly- 
vinylpyrrolidone of different molecular weights (M,, - lo00 or 10,000) 
by reacting 2 moles (based on monomer) of polymer with 1.mole of iodine 
and 1 mole of hydrogen iodide resulted in the loss of minor portions of 
the iodine and iodide and yielded products in which the pyrrolidone rings 
could not all have taken part in the complexation. Based on steric and 
statistical considerations, participation of all pyrrolidone rings had not 
been expected. 


Polyvinylpyrrolidone-iodine or commercial povidone-iodine, which 
USP XIX requires to contain 56.6% iodide ions and 9.0-12.0% (w/w) 
thiosulfate-titratable iodine (In), can be prepared by reacting 1 mole 
(based on monomer) of polyvinylpyrrolidone6 or povidone7 with 0.052 
mole of hydrogen iodide and 0.052 mole of iodine (VII or IX, Method A) 
or by heating 1 mole (monomer based) of polyvinylpyrrolidone6 or 
povidone7 with 0.083 mole of iodine (VII or IX, Method B). The two 
methods gave products with identical color, solubility, distribution 
coefficient, iodine loss, elemental analysis, and IR spectrum (Figs. 5 and 
6). 


The iodine loss of the aqueous solutions of the polyvinylpyrrolidone- 
iodines was -18-20% (polymer of n,, - 1000) or -2-4% (polymer of M,, - l0,OOO) and was independent of the preparation method. Apparently, 
every proton introduced (Method A) or formed during heating (Method 
B) readily found the pyrrolidone carbonyl groups needed for complexa- 
tion due to the large molar excess of polyvinylpyrrolidone monomer 
units. 


Unequivocal proof of the structure of the hydrogen triiodide adducts 
of the model substances was provided by the complete X-ray structure 
aralysis of I1 (25). The compound crystallized in the triclinic space group 
P1 with two triiodide units and four N-methylpyrrolidone molecules per 
asymmetric unit. The result is shown in Figs. 2 and 3. A proton was fixed 
via a short hydrogen bond between two carbonyl oxygen atoms of two 
pyrrolidone rings. The large triiodide anion was coordinated ionically 
to this large complex cation. Similar bonds were found (26) for adducts 
of N,N-dimethylacetamide and hexafluorbarsenic acid or hexafluoro- 
phosphoric acid. A short hydrogen bond (2.40-2.45 A) links the two 
carbonyl oxygen atoms of two N,N-dimethylacetamide molecules 
(26). 


The other hydrogen triiodide adducts of the model substances (I-V) 
aKd the corresponding complexes prepared using polyvinylpyrrolidone 
( M ,  - lOOO, X,, - l0,OOO) are believed to be analogous in structure, with 


‘ m  - 1000 -22500. ’ - 10,060. fiW - 40,000 = povidone USP. 


m - 18n 
Figure 7-Proposed structure of povidone-iodine. 


their IR spectra undergoing similar changes on transition from the free 
ligand to the hydrogen triiodide adduct. Reference is made to the IR 
spectra (Figs. 1 and 4) of the free model substances polyvinylpyrrolidone 
and the hydrogen triiodide adducts. The structural analogy is particularly 
evident in the complex based on polyvinylpyrrolidone of n,, - 1000. It 
is less evident, although still detectable by differential spectroscopy, in 
the complex based on polyvinylpyrrolidone of mn - 10,0007 due to  the 
broad bands (Figs. 5 and 6). 


Even without detailed knowledge of the origin of the absorptions, i t  
is apparent that  the IR spectra of the model substances agree with the 
polyvinylpyrrolidone spectrum. The differences between individual 
spectra are due almost exclusively to different alkyl groups (and methyl 
groups in particular). Therefore, the frequency and intensity of the vi- 
brations of the CN-, NC=O, and carbonyl groups and the ring are largely 
independent of the N-alkyl side chain. The bonds in the complexes of 
the model substances and in the corresponding polyvinylpyrrolidone 
adducts must be a t  least very similar. This view may be confirmed by 
comparing IR spectra of model substances with those of the polyvinyl- 
pyrrolidone hydrogen triiodide adducts. 


While there have been numerous IR spectroscopic investigations into 
polyamides and the corresponding low molecular weight compounds, few 
publications have dealt with the IR spectra of alkylpyrrolidones. 
Therefore, bands were assigned on the basis of the known spectra of 
N,N-dimethylacetamide (27), N,N-dimethylacetamide-dg (281, tet- 
ramethylurea (29), dialkylurea (301, monoalkylurea (31), 6-valerolactam 
(32). and cyclopentanol (33). Further comparisons made it possible to 
assign the bands of the hydrogen triiodide adducts. 


Notable features in the IR spectra of the hydrogen triiodide adducts 
were a very broad and intense absorption at about 815 cm-’ and the high 
intensity of the band a t  about 560 cm-’. Compared with the spectra of 
the starting compounds, which absorbed intensely due to the carbonyl 
groups a t  about 1685 cm-’, the stretching vibration of the carbonyl groups 
of the adducts was hardly detectable. I t  appeared as a weak, very broad 
band at 1650-1600 cm-’. Such a change in the IR spectra was attributed 
to the bonding changes in the region of the carbonyl and O=CN groups. 
The shift in position with a simultaneous intensity decrease can be ex- 
plained easily by assuming a C=OH bond, including the hydrogen atom 
of hydrogen triiodide, as detected for I1 by X-ray structure analysis (25). 
The hydrogen bonds shift the position of the carbonyl band toward 
smaller wave numbers because the double bond of the group is weakened. 
Strong C-0.-H-0-C bonds were found in other classes of compounds 
and were investigated spectroscopically. For example, the IR and Raman 
spectra of compounds of the metaLH(CH$00)2 type were investigated 
and given the following assignments of the bands for (CH3COO-H-- 
OOCCH3)Na (34): 


vibration 


OH ,,O-H-0 C=O 
frequency 720 1540 1285 IRinactive 1710 


&-H-O - 
S - m intensity VS, b S 


The very broad and intense absorption at 850 cm-’ in the potassium 
hydrogen oxalate spectrum, obtained by IR measurements on single 
crystals using polarized light, was described as another hydroxyl 
stietching vibration (35). The IR spectra of the hydrogen triiodide ad- 
ducts of polyvinylpyrrolidone (VI, VIIa, VIIb, VIII, IXa, and 1x6)  (Figs. 
46) showed that the carbonyl groups did not all participate in the adduct 
formation (this was expected in view of the elemental analysis of VI and 
VIII and because of the large excess of pyrrolidone rings in the VII and 
IX mixture). The absorptions at -800 and 1020 cm-’, characteristic of 
the adduct structure, occurred. 


In adducts VI and VIII, these characteristic absorptions were clearly 
visible. In VIla, IXa, VIIb, and IXb, which have the composition of 
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commercial povidone-iodine with an approximately 10-fold molar excess 
of pyrrolidone rings, these characteristic absorptions showed up in the 
differential spectra between the starting polyvinylpyrrolidone and the 
adducts. 


Contrary to conventional assumptions on the structure of polyvinyl- 
pyrrolidone-iodine prepared by heating polyvinylpyrrolidonee with io- 
dine, the compound probably is an adduct of the polymer and hydrogen 
triiodide in which a proton is fixed between two carbonyl groups of two 
pyrrolidone rings (cf., Fig. 7) and the triiodide anion is bound ionically 
to this complex cation. Incidentally, the pyrrolidone rings participating 
in the complexation need not be vicinal in the polymer chain as shown 
in Fig. 7. Due to an appreciable excess of free pyrrolidone rings in povi- 
done-iodine USP XIX, the product was readily soluble in water. 


SUMMARY 


N,N-Dimethylacetamide and N-alkylpyrrolidones are capable of 
forming stable ligandn - hydrogen triiodide adducts. This finding coin- 
cides neatly with the complex chemistry of these organic compounds 
discussed in the literature. The bonding is similar in all adducts of this 
type, where a proton is fixed between two carbonyl groups of two ligands 
uia a short hydrogen bond. This bonding manifests itself in similar IR 
spectra of the complexes, which all show a strong shift of the carbonyl 
band toward lower wave numbers. For 11, this structure could be un- 
equivocally verified (25). 


By analogy with the model compounds, polyvinylpyrrolidones can be 
reacted with hydrogen iodide and iodine to form adducts whose spec- 
troscopic properties are analogous to those of the low molecular weight 
complexes, which suggests identical bonding. However, for steric reasons, 
it seems impossible for all pyrrolidone rings to take part in adduct for- 
mation. If there is more halogen, halogen losses occur on drying. If there 
are 520 pyrrolidone rings for every hydrogen triiodide, as in commercial 
povidone-iodine, complexation is good and the excess pyrrolidone rings 
not taking part in the romplexation provide the desired water solu- 
bility. 


The structure of povidone-iodine USP XIX prepared by heating 
p~lyvinylpyrrolidone~ with iodine agrees with that of a product obtained 
by the direct synthesis of p~lyvinylpyrrolidone~, hydrogen iodide, and 
iodine. Previous assumptions regarding the structure of polyvinylpyr- 
rolidone-iodine (18-20) are not consistent with the results discussed in 
this paper. 
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Abstract 0 The synthesis and local anesthetic and antiarrhythmic 
properties of eight substituted 2-diethylaminoacetamido-3-carbamyl- 
4-methylpyrroles are described. Three compounds showed significant 
local anesthetic activity by the guinea pig wheal test, and four showed 
antiarrhythmic activity against chloroform-induced ventricular ar- 
rhythmias in mice. 


Keyphrases 0 Lidocaine analogs-synthesis of 2-diethylaminoaceta- 
mido-3-carbamyl-4-methylpyrroles, local anesthetic activity, antiar- 
rhythmic activity, structure-activity relationships 0 Structure-activity 
relationships-lidocaine analogs, local anesthetic activity, antiarrhythmic 
activity Local anesthetic agents-lidocaine analogs, synthesis, struc- 
ture-activity relationships 0 Antiarrhythmic agents-lidocaine analogs, 
synthesis, structure-activity relationships 


The synthesis and local anesthetic and antiarrhythmic 
properties of a series of substituted 2-diethylaminoacet- 
amido-3-cyano-4-methylpyrrole (I)  analogs of lidocaine 
(11) were reported previously (1). The biological activity 
exhibited by members of I prompted further research on 
heteroaromatic pyrrole analogs of 11. 


This report describes the synthesis and preliminary 
pharmacological evaluation for local anesthetic and anti- 
arrhythmic activities of a series of substituted 2-dieth- 
ylarninoacetamido-3-carbamyl-4-methylpyrroles (111). 


DISCUSSION 


Chemistry-The utilization of substituted 2-amino-3-cyano-4- 
methylpyrroles (IVa-IVh) (2-4) as precursors to substituted 2-chlo- 
roacetamido-3-cyano-4-methylpyrroles (Va-Vh) was reported previously 
(1). In the present work, Va-Vh were utilized as intermediates in the 
synthesis of 111 (Scheme I). 


Nitrile hydrolysis proceeded smoothly, by heating Va-Vh in 85% 
phosphoric acid, to yield the corresponding substituted 2-chloroacet- 
amido-3-carbamyl-4-methylpyrroles (VIa-VIh). The lower molecular 
weight analogs (Va and Vb) and analogs possessing polar R groups (Vd 
and Vg) were hydrolyzed easily in 85% phosphoric acid a t  120-125' for 
5-10 min. The higher molecular weight analogs with nonpolar R groups 
(Ve, V f ,  and Vh) required more drastic conditions for hydrolysis. These 
conditions included more phosphoric acid, a temperature of 135-140°, 
and a total hydrolysis time of 10 min. With Vd, the more drastic reaction 
conditions resulted in a decreased yield of VId. 


In general, the hydrolyzed compounds VIa-VIh were less soluble in 
organic solvents than their immediate precursors Va-Vh. The decreased 


/C*H6 


H 3 x N J - C H z -  R I I  H H  N 'C2& 


I 


. -- 
CH3 


H H  
111 


solubility can be explained, in part, by the increased potential for intra- 
molecular hydrogen bonding. NMR and IR spectra were consistent with 
the assigned structures. Elemental analysis and TLC were used in de- 
termining chloroacetamide purity (Table I). 


The substituted 2-diethylaminoacetamido-3-carbamyl-4-methyl- 
pyrroles (VIla-VIIh) were obtained by refluxing a suspension of the 
corresponding chloroacetamide (Vla-VIh) in methanol or ethanol with 


H3C R H ,C 


x N H C O C H 2 C l  R 
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n Scheme I 
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Table I-Substituted 2-Chloroacetamido-3-carbamyl-4-methylpyrroles 


Yield, 
Compound % 


Vla 96.9 


VIb 


VIC 


Vld 


81.3 


89.6 


73.0 


89.7 


9,5.3 


84.4 


88.1 


Melting 
Point 


210-211" dec. 


195-196" dec. 


195.5-196" dec. 


215-216" dec. 


224.5225" dec. 


23-232" dec. 


209.5-210.5' dec. 


Recrystallization 
Rf" Solvent Formula 


0.46 Methanol 


0.47 Ethanol 


0.35 Ethanol 


0.41 Ethanol 


0.47 Ethanol 


0.42 Ethanol- 
2-propanol- 
toluene 


0.36 Methanol- 
ethanol- 
benzene 


0.41 Ethanol 


Analysis, % 
Calc. Found 


C 47.06 47.10 
H 5.27 5.29 
CI 15.44 15.36 
N 18.30 18.26 
C 49.28 49.33 
H 5.79 5.82 
CI 14.55 14.61 
N 17.24 17.22 


52.99 C 53.04 
H 6.68 6.71 
CI 13.05 13.04 
N 15.46 15.44 c 45.59 45.75 
H 5.57 5.67 
CI 12.24 12.06 
N 14.50 14.43 
S 11.07 11.20 
C 57.64 57.72 


4.88 H 4.84 
CI 12.16 12.07 
N 14.40 14.34 
C 58.92 58.96 
H 5.28 5.31 
CI 11.60 11.65 
N 13.74 13.75 
c 55.99 55.84 ~~ .. .~ 


H 5.01 5.09 
CI 11.02 11.01 


12.99 N 13.06 
C 52.95 52.92 
H 4.44 4.44 
Cl 20.84 20.74 
N 12.35 12.37 


a Ethyl acetate. 


excess diethylamine. During the reactions, solutions were achieved within 
0.5-3 hr. An exception was observed for the synthesis of VIIh; a solution 
was not achieved after refluxing for 9 hr. In general, the solutions were 
refluxed for an additional hour, the solvent and excess diethylamine were 
removed in uacuo, and the residues were dissolved in 10% HCI. Unreacted 
chloroacetamides were removed by filtration, and the amines were pre- 
cipitated by the addition of 5% aqueous NaOH. Yields, melting points, 
and purification data are given in Table 11. 


All amine hydrochlorides were prepared by treating an acetone solution 
of the free amine (VIIa-VIIe) or an acetone suspension of  the free amine 
(VIl/ and VIIh) with concentrated hydrochloric acid. Compound VIIIg 
separated from acetone as a red oil when this procedure was employed 
for salt tormation. IR spectra of the amine hydrochlorides (VIIIa-VIIIf 
and VIIIh) exhibited typical N-H stretching absorption bands between 
3500 and 3100 cm-I and broad absorption in the 3100-2600-cm-' region 
for the amine salts. Two intense carbonyl absorption bands a t  1690-1680 
and 1645-1640 cm-l were observed for each compound. 


NMH spectra of the amine hydrochlorides in dimethyl sulfoxide-ds 
exhibited a typical triplet and quartet for the methyl and methylene of 
the diethylamino group, respectively. Chemical shifts for the triplet 
ranged from 1.15 to 1.20 ppm, and those for the quartet ranged from 3.10 
to 3.15 ppm. The triplet and quartet integrated for three protons and two 
protons, respectively. A singlet in the 2.00-2.15-ppm region, integrating 
for three protons, was assigned to the methyl group a t  the C-4 position. 
In the 4.05-4.1 5-ppm region, the spectra exhibited a singlet, integrating 
for two protons, which was assigned to the methylene located alpha to 
the carbonyl. A broad singlet a t  6.55-6.85 ppm, integrating for two pro- 
tons, was assigned to the carhamyl function protons. 


The salt NH proton was observed as a broad singlet, integrating for 
one proton, in the 9.8-10.5-ppm region. Two additional broad singlets, 
one in the 10.7-11.0-ppm region and the other in the 10.95-11.0-ppm 
region, were assigned to the amide and pyrrole ring NH protons. Mis- 
cellaneous absorptions for the various hydrochloride salts were consistent 
with their structure. The purity of VIIIa-VIIlf and VIIIh was determined 
by elemental analysis and T1.C (Tahle 111). 


Pharmacology-Antiarrhythmic Actiuity-Cardiac rates less than 
the mean rate of 200 beats/min were used as an index of protection from 
arrhythmia a t  70 mg/kg. Compounds VIIIa, VIIIb, VIIId, and VIIIe 
(Table IV) showed activity a t  this dosage. Compounds VIIIc and VIIIf 
also may he effective if the standard error of the mean is considered. 


Local Anesthetic Actiuity-Compounds VIIIc and VIIIe-VIIIg pos- 
sessed local anesthetic activity a t  all three solution concentrations 
whereas the remaining compounds possessed weak activity only a t  the 
highest solution concentration. Compounds VIIIe and VIIIf were the 
most active, having activity comparable to that of lidocaine (Table V). 


EXPERIMENTAL' 
Chemistry-2-Chloroacetamido -3- carbamyl-4,Ii-dimethylpyrrole 


(Vial-The procedure for the synthesis of VIa is given as representative 
for VIb-VIh. A suspension of 2-chloroacetamido-3-cyano-4,5-dimeth- 
ylpyrrole (Va)  (15.0 g, 0.07 mole) (1) in 100 ml of 85% phosphoric acid 
was stirred a t  room temperature for 5 min. The vessel was placed into an 
oil bath preheated to 120" and stirred vigorously for 10 min. During this 
time, solution was achieved, and some of the product precipitated on the 
stirring solution surface. The vessel was removed from the oil bath and 
cooled to room temperature. The resulting semisolid was diluted with 
300 ml of water and stirred for 10 min. 


The crude product was collected by filtration, washed with water, and 
air dried. One gram of the pale-yellow product (15.6 g, 96.9%) was re- 
crystallized twice from absolute methanol to yield yellow needle-shaped 
crystals (homogeneous on TLC, ethyl acetate, I?! 0.46). mp 210-21 1' dec.; 
IR (KBr): 3520,3350,3160,1680,1645,1600,1570,1460,1445,1400,1385, 
1280,1215,790,735, and 625 crn-l; NMR (dimethyl sulfoxide-d6): 6 1.95 
(s, 6H, -CH3 a t  C4 and Cs), 4.20 ( s ,  2H, - C H r ) ,  6.42 (broad s, 2H, 
-CONH2 a t  C3). 10.72 (broad s, l H ,  NH of amide a t  C2 or NlH), and 10.89 
(broad s, IH, N1H or NH of amide a t  Cp) ppm. (See Tahle I for anal- 
yses.) 


Z-Diethylaminoacetamido-.7-ectrbamy1-4,5 -dimethylpyrrole ( Vlla) 
-The procedure for the synthesis of VIIa is given as representative for 
VIIb-VIIh. A suspension of VIa (9.2 g, 0.04 mole) in 125 ml of methanol 


1 IR spectral data were determined on a Beckman IR-20A gratings ectropho 
tometer using the potassium bromide techniques. NMR spectra were Jetermined 
on a Hitachi Perkin-Elmer R24 high-resolution spectrophotometer with tetra- 
methylsilane as the internal reference. Melting points were obtained using a 
Thomas-Hoover capillary apparatus and are uncorrected. Carbon, hydrogen, 
chlorine, and nitrogen values were obtained from analysis performed by Atlantic 
Microlab, Inc., Atlanta, Ga. TLC was performed using Eastman chromatogram 
sheets, type 6060 (silica gel), and the sheets were developed in an iodine 
chamber. 


956 / Journal of Pharmaceutical Sciences 
Vol. 68, No. 8, August 1979 







Table 11-Substituted 2-Diethylaminoacetamido-3-carbamyl-4-methylpyrroles 


Yield, Melting Reaction Recrystallization 
Compound % Point Solvent' Solvent Formula 


160.5-162' Methanol Methanol-water (4:l) C d z z N 4 0 2  VIIa 98.9 
90.2 164-166' Ethanol Methanol-water (4:l) C14Hz4N40z VIIb 


116.5-1 17' Ethanol Methanol-water (4:l) C d z s N 4 0 z  VIIC 74.6 
93.4 130.5- 13 1.5O Ethan o 1 Methanol-water (4:l) C I ~ H ~ L ~ N ~ O Z S  VIId 
96.2 60-62' Methanol Methanol-water (4:l) C I B H Z ~ N ~ O Z  VIIe 


Cd26N40z  VIIf 59.2 202-204' Methanol - 
VIIgc 81.7 161-1630d Methanol Methanol-water (4:l) CigH21jN403 


89.0 218-219.5' Ethanol -d C I ~ H ~ ~ C ~ N ~ O Z  VIIh 


Absolute. Crude product washed with cold acetone. Calc. for: C, 63.67; H, 7.31; N, 15.63. Found C, 63.40; H, 7.39 N, 15.73. 


b 


Crude produet was boiled with 100 
ml of methanol and filtered while hot. The insoluble amine was suitable for hydrochloride salt formation. 


Table 111-Substituted 2-Diethylaminoacetamido-3-carbamyl-4-methylpyrrole Hydrochlorides 


Yield, Recrystallization Melting Analysis, % 
Compound % Solvent R/" Point Formula Calc. Found 


VIIIa 


VIIIb 


VIIIC 


VIIId 


VIIIe 


VIIIf 


VIIIgC 
VIIIh 


97.3 


' 94.7 


82.6 


84.9 


79.9 


83.3 


- 
83.6 


Methanol-acetone 


b - 


b - 


h - 


0.40 


0.39 


0.37 


0.36 


Methanol-acetone- 0.44 
chloroform 


Methanol-acetone 0.44 


- - 
Ethanol 0.42 


244-245' dec. 


260.5-261' dec. C I R H Z & N O ~  


C 51.56 
H 7.66 
CI 11.71 
N 18.50 
C 53.07 
H 7.95 
CI 11.19 
N 17.68 
C 55.72 
H 8.48 
C1 10.28 
N 16.25 
C 49.64 
H 7.50 
c1 9.77 
N 15.44 
S 8.84 
C 59.25 
H 6.91 
C1 9.72 
N 15.36 
C 60.22 
H 7.18 
Cl 9.36 
N 14.79 


C 55.21 
H 6.34 
C1 17.16 


- 


51.32 
7.66 
11.55 
18.44 
53.10 
7.99 
11.22 
17.67 
55.62 
8.52 
10.18 
16.23 
49.66 
7.50 
9.72 
15.47 
8.81 
59.05 
6.94 
9.65 
15.32 
60.27 
7.22 
9.35 
14.84 


55.27 
6.40 
17.20 


- 


N 13.56 13.57 
Ethyl acetate. * Salt obtained was analytically pure. Salt obtained was a red oil; therefore, elemental analysis was determined on the free base (VIlg). 


and diethylamine (30 g, 0.4 mole) was refluxed, with stirring, until com- 
plete solution was achieved (0.5-3 hr). Then the solution was refluxed 
for an additional 1 hr, the excess diethylamine and solvent were removed 
in uacuo, and the residue was dissolved in 100 ml of 10% HCl. 


The solution was filtered and poured over 300 g of crushed ice. The 
amine was precipitated by the addition of 5% aqueous NaOH. The solid 
was collected by filtration, washed with distilled water, and air dried. The 
crude product (9.09 g, 98.9%) was recrystallized from methanol-water 
(4:l) to yield fine off-white crystals (mp 160.5-162'), which were suitable 
for hydrochloride salt formation. (See Table I1 for analogs.) 


Table IV-Antiarrbythmic Activity of Substi tuted 2- 
Diethylaminoacetamido-3-carbamyl-4-methylpyrrole 
Hvdrochlorides 


Compound 40 mglkg 70 mgkg  


Lidocaine 
VIIIa 
VIIIb 
VIIIC 
VIIId 
VIIIe 
VIIIf 
VIIIg 
VIIIh 
Control 


242 f 13 
236 f 12 
232 f 6 
196 f 10 
218 f 11 
244 f 8 
208 i 13 
255 f 11 
248 f 4 
351 f 8 - 


141 f 23 
182 f 8 
175 f 5 
202 f 6 
193 f 13 
174 f 10 
203 f 12 
214 f 8 
217 f 17 


100 mglkg 


116 f 6 
158 f 9 
133 f 5 
187 f 13 
217 f 5 
157 f 6 
200 f 8 
211 f 3 
214 f 8 
- 


a Data represent cardiac rates following arrhythmias induced in mice by exposure 
to chloroform vapor (n = 6). 


~-Die thy laminoacetamido-3-carbom~l-4 ,5-d imethylpyrcole  Hy- 
drochloride (Vllla)-The procedure for the synthesis of VIIIa is given 
as representative for VIIlb-VIIIi and VIIIh. A stirred solution of VIIa 
(10.0 g, 0.03 mole) in 225 ml of acetone was treated with 4 ml of concen- 
trated hydrochloric acid. After stirring for 5 min at room temperature, 
the vessel was sealed and placed in a freezer for 2 hr. The salt was collected 
hy filtration, washed with 50 ml o f  cold acetone, and air dried. 


The crude product (10.8 g, 97.3%) was recrystallized from methanol- 


Table  V-Local Anesthetic Activity of Substi tuted 2- 
Diethylaminoacetamido-3-carbamyl-4-methylpyrrole 
Hydrochlorides a 


Concentration, % 
ComDound 1 0.5 0.2 


VIIIa 
VIIIb 
VIIIC 
VIIId 
VIIIe 
VlIIf 
VIIIg 
VIIIh 
Lidocaine 
0.9% NaCl 


19 
19 
26 
5 
70 
70 
72 
20 
68 
0 


- 
- 
25 


53 
59 
33 


41 
0 


- 


- 


- 
- 
7 


16 
16 
10 


17 
0 


- 


- 


0 Data represent the number of pinpricks failing to elicit a twitch response fol- 
lowing intradermal injection in guinea pigs (n = 2). 
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acetone to yield light-tan crystals (homogeneous on TLC, ethyl acetate, 
R, 0.40). mp 244-245" dec.; 1R (KBr): 3420,3340, broad absorption from 
3200 to 2600,1675,1635,1600,1570,1545,1470, 14B5,1380,1370,1355, 
1270, 1240, 1155,955,805, and 630 cm-I; NMR (dimethyl sulfoxide-d6): 
6 1.19 (t, 6H, -CHa of diethylamino), 2.08 (s,  6H, -CH3 a t  C4 and Cs), 3.14 
(q, 4H, methylenes of diethylamino), 4.05 (broad s, 2H, COCHd, 6.55 
(broad s, 2H, CONHZ), 9.90-10.50 (broad s, lH ,  N+H), 10.70 (broad s, 
NH of amide at  Cp or N,H), and 10.95 (broad s, lH,  NIH or NH of amide 
a t  Co) ppm. (See Table 111 for analyses.) 
Pharmacology-Antiarrhythmic Actiuity-With the method of 


Lawson (5), fibrillations were induced in 20-30-g male mice by exposure 
to chloroform vapor until respiration ceased. The heart was exposed, and 
the cardiac rate was determined with a binocular microscope. Mice with 
cardiac rates >200 beats/min were considered unprotected (Table 
IV). 


Local Anesthetic Actiuity-The guinea pig wheal method of Bulbring 
and Wajda (6) was used to determine the activity. The back of the guinea 
pig was shaved 1 day prior to the test, and 0.25 ml of the aqueous drug 
solution was administered intradermally a t  two sites along the midline. 
The resulting wheals were tested by pricking the area six times with a pin 
a t  5-min intervals for 1 hr. Local anesthesia was present if the pinprick 


did not elicit a skin twitch. The number of pinpricks that failed to elicit 
a response was then recorded a t  each time interval (Table V). 
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Abstract The purpose of this investigation was to determine the effect 
of phenobarbital on the systemic availability of orally administered di- 
cumarol in rats. Adult male Sprague-Dawley rats, matched for dicumarol 
free fraction in serum, received either phenobarhital sodium, 75 mg/kg, 
or saline solution, orally or intravenously, daily for 7 days. On Day 6, they 
also received 14C .dicumarol, 2 mg/kg iv, and unlabeled dicumarol, 50 
mg/kg PO, in aqueous suspension. Venous blood samples were obtained 
serially over 32 hr through an indwelling cannula. Systemic dicumarol 
availability was determined from the dose-normalized ratio of areas under 
the plasma concentration-time curves. Phenobarbital treatment almost 
doubled the total clearance of dicumarol and the intrinsic clearance of 
free dicumarol, with no significant difference between the inductive ef- 
fects of oral and intravenous doses of phenobarbital. Systemic dicumarol 
availability in control rats (mean f SD) was 84 f 8% ( n  = 10) and 84 f 
10% ( n  = 6) in the oral and intravenous phenoharhital studies, respec- 
tively. The systemic dicumarol availability in phenobarbital-treated rats 
was appreciably lower: 48 f 7% ( n  = 10) and 61 f 12% ( n  = 6) for orally 
and intravenously treated animals, respectively. The effect of oral phe- 


The bioavailability of orally administered dicumarol 
in humans is reduced by pretreatment of the subjects with 
an orally administered barbiturate (1). Similar effects have 
been observed with respect to two other poorly water- 
soluble drugs, griseofulvin and diethylstilbestrol. The 
bioavailability of orally administered griseofulvin in hu- 
mans is reduced by pretreatment with orally administered 
phenobarbital (2). Such a reduction in griseofulvin bio- 
availability has also been observed in rats (3). Pretreat- 
ment with phenobarbital has been reported to decrease 
diethylstilbestrol absorption from the rat intestine (4). 


Little is known about the mechanism of the barbiturate 
effect on drug absorption. A study was designed to deter- 
mine the effect of orally and intravenously administered 


~ 


nobarbital on systemic dicumarol availability was more pronounced than 
that of intravenous phenobarbital ( p  < 0.025). The apparent first-order 
ahsorption rate constants for the fraction of the dose available systemi- 
cally were similar for control and treated animals. There was a positive 
correlation between systemic dicumarol availability and total dicumarol 
clearance in control animals ( p  < 0.001). Proper matching of control and 
treated animals is, therefore, important for this type of study. The rat 
appears to be a good model for investigating the mechanism of the in- 
hibitory effect of phenobarbital on dicumarol absorption observed pre- 
viously in humans. 


Keyphrases Phenobarbital-effect on systemic availability of oral 
dicumarol, comparison of oral and intravenous doses 0 Rioavailabil- 
ity-dicumarol in rats, effect of oral and intravenous phenobarbital 0 
Dicumarol-bioavailability, effect of oral and intravenous phenobarbital 


Anticoagulants-dicumarol, effect of oral and intravenous pheno- 
barbital on systemic availability 


phenobarbital on GI absorption of dicumarol in rats. The 
results of this investigation have bearing not only on the 
specific interaction under study but also on the design of 
studies to determine the bioavailability of drugs that are 
subject to enzyme induction and that exhibit pronounced 
interindividual differences in pharmacokinetic charac- 
teristics. 


EXPERIMENTAL 


The studies were carried out on adult male Sprague-Dawley rats 
weighing 250-375 g. Groups of animals were screened for plasma free 
fraction values of dicumarol, using serum obtained from -5 ml of blood 
withdrawn from the tail artery under light ether anesthesia. The free 
fraction determinations were performed in duplicate by dialyzing, to 
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Urinary Metabolites of 
3a ,4,5,6,7,7a -Hexahydro-3- (1 -methyl-5-nitro- 1H-imidazol-2-yl) - 
1,2-benzisoxazole in the Dog 
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Abstract 0 The antiprotozoal drug 3a,4,5,6,7,7a-hexahydro-3-(1- 
methyl-5~nitro-lH-imidazol-2-yl)-1,2-benzisoxazole (I), which exhibits 
activity against trypanosomiasis, is also antibacterial in uiuo. Since the 
urine from a dog dosed with I showed a broader spectrum of antibacterial 
activity than I itself, metabolites from this urine were isolated and par- 
tially characterized. The metabolites were mono- and dihydroxy-sub- 
stituted species with the hydroxyl groups on carbons 4-7 of the hexahy- 
drobenzisoxazole ring. These observations led to the synthesis of several 
such hydroxy derivatives of I, and their properties fully supported the 
proposed positions of metabolic hydroxylation. One synthetic compound, 
the 6,7-cis-dihydroxy compound, exhibited higher antihacterial activity 
against Salmonella schottrnuelleri in mice and greater trypanocidal 
activity in uiuo against Trypanosoma cruzi (Brazil strain) than I. 


Keyphrases 3a,4,5,6,7,7a - Hexahydro-3 - (I-methyl-5-nitro-1H- 
imidazol-2-yl)-1,2-benzisoxazole-urinary metabolites, antihacterial 
activity, antiprotozoal activity, dog 0 Antiprotozoal agents- 
:~a,4,5,6,7,7a-hexahydro -3- (1-methyl -5- nitro-1H-imidazol -2- yl)-l,2- 
benzisoxazole, urinary metabolites, antibacterial activity, antiprotozoal 
activity, dog 0 Benzisoxazoles-3a,4,5,6,7,7a-hexahydr0-3-(1- 
methyl-5-nitro- 1H-imidazol-2-yl)- 1,2-benzisoxazole, urinary metabolites, 
antibacterial activity, antiprotozoal activity, dog 


3~,4,5,6,7,7~-Hexahydro -3- (1-methyl -5- nitro-1H-im- 
idazol-2-yl)-1,2-benzisoxazole (MK-436, I) exhibits anti- 
protozoal activity (l) ,  including activity against Trypan- 
osoma cruzi l .  The evaluation of I for mutagenicity was 
hampered by the fact that the compound was antibacterial 
in the host-mediated mouse test at  levels of 200 mg/kg or 
higher but not at  10 mg/ml in the Ames et al. (2) spot test 
utilizing Salmonella typhimurium G46*. These results 
aroused the suspicion that antibacterial metabolites were 
produced by the mouse, especially since incubation of I 
with liver homogenate fraction S-9, prepared by reported 
procedures (3), produced antibacterial activity not ob- 
served with I alone. Since mouse and dog urine from ani- 
mals dosed with I showed a broader antibacterial spectrum 
(and higher potency) than I,  the present study was un- 
dertaken to characterize the canine urinary metabolites 
of I to allow their synthesis for biological testing. 


EXPERIMENTAL 


Dog urine was collected for metabolite isolation. The dog was dosed 
with I a t  1000 mg/kg po in two divided doses per day for 2 days. This 


I 


I C. M. Malan a, J Conroy, and A. C. Cuckler, Merck Sharp & Dohme Research 
Laboratories, Rakva ,  NJ 07065, personal communication. 


H. Skeggs, unpu lished data. 


regimen was repeated 2 weeks later; the two 48-hr postdose urine col- 
lections were pooled to yield 2800 ml. The pooled urine was extracted 
twice with equal volumes of methylene chloride. The extracts were 
combined, concentrated to dryness under reduced pressure, dissolved 
in methanol, and centrifuged to remove insoluble components. 


The methanol was removed in uacuo, and 150 mg of the residue was 
dissolved in benzene and chromatographed on a column containing 100 
g of silica gel3 packed in benzene. The column was developed with a 
stepwise gradient of methanol in benzene as follows: 400 ml of benzene, 
800 ml of benzene containing 5% methanol (v/v), and then 600 ml of 
benzene containing 10% methanol. The column was developed a t  5 
ml/min, and 20-ml fractions were collected and assayed against a highly 
sensitive bacterium, Bacillus subtilis MB964. 


The most active fractions occurred toward the end of the 5% methanol 
development, and they were pooled and concentrated to dryness to yield 
68 mg of residue. The residue was dissolved in 1.7 ml of ethanol, and 
100-pl portions were subjected to preparative TLC on silica gel plates4. 
The plates were developed with benzene-methanol (9:l) and then ex- 
amined under shortwave UV light and by bioautography against B. 
subtilis. Ten distinct bands were observed under UV light, and five were 
active against R. subtilis. Four major bands [R, 0.27 (active), 0.32 (in- 
active), 0.37 (active), and 0.42 (inactive)] were scraped off the plates and 
extracted with benzene-methanol (5:l). These extracts (designated 
Metabolite Fractions A-D) were examined by direft probe mass spec- 
trometry, combined GLC-mass spectrometry, and NMR spectros- 
COPY. 


n-Butylboronate derivatives were prepared by allowing aliquots of 
samples dissolved in acetone to react with excess n-butylhoronic acids 
for 1 hr a t  room temperature. Trimethylsilylation was carried out by 
treating aliquots of samples with bis(trimethylsilyl)acetamide6 or bis- 
(trimethylsily1)acetamide-d 1 8 ~  (to form the perdeutero derivatives) and 
pyridine (21)  for 1 hr a t  60'. 


Mass spectra were obtained8 using a 70-ev ionizing potential, a 3.5-kv 
accelerating potential, a 60-pamp trap current, and a 250' source tem- 
perature. GLC conditions were: 1.8-m X 3-mm i.d. spiral glass column 
a t  205'; 3% OV-101 on 80-100-mesh acid-washed and silanized dia- 
tomaceous earthg; flash heater and molecular separator temperatures, 
250'; and helium flow rate, 30 ml/min. NMR spectra were obtained'" with 
samples dissolved in deuterochloroform. 


The spent urine from the extraction was concentrated to 1150 ml under 
reduced pressure, adjusted to pH 4.5 with 1 M HCI, mixed with 30 ml of 
an enzyme preparation containing sulfatase and glucuronidase", and 
then incubated a t  37' for 18 hr. This mixture was extracted with 2 liters 
and then with 1 liter of methylene chloride. The extracts were combined, 
concentrated to  dryness under reduced pressure, dissolved in 15 ml of 
methanol, and centrifuged to remove insoluble components. Aliquots of 
this solution (Metabolite Fraction E) were examined also by mass spec- 
trometric-based methods. 


In  uiuo evaluations of I and 6,7-cis-dihydroxy-l (Compound G )  were 
conducted by suspending the test compounds evenly in a 1% methylcel- 
lulose aqueous vehicle to the desired concentrations. Albino male mice1* 


3 Silica gel G, Rrinkmann. 


6 Applied Science Laioratnries. 
QuantdGram QIF lates. Quantum Industries. 


6 Supelco 
Merck Sharp & Dohme of Canada. 
LKB model 9ooO. 
Gas Chrom P, Applied Science Laboratories. 


lo Varian HA-100D equipped with a Fourier transform accessory. 
' I  Glusulase, Endo Laboratories. 
l2 Carworth Farms. 
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Table I-Mass Spect rometr ic  Hehavior of I a n d  Related Compounds 


Dihydroxy Metabolite 6,7-cis -Dihydroxy 
I Dihydroxy Metaholite C C n-HuB' Monohydroxy Metaholite Synthetic C 


A Intensity Ion. rn/p Intensity" Ion, m i r  A h  Intensity Ion, m / e  Intensity Ion, m/c, A Intensity lon, m/e 


M, 250 100 M.282 3 2  35 M , 3 4 8 ( I 1 B )  100 
347 ('OB) 25 


("B) 


("BI 


M - 17, 233 42 M - 17.265 32 30 M - 17,331 19 


M - 35, 242 -- 20 
M -43,239 - 6 M -57,291 73 


M - 45.205 17 M - 4 5 , 2 3 7  32 5 


M -55, 195 36 M -87, 193 0 90 M - 153, 5 7 


169 21 169 0 8 I69 13 
I53 70 IS3 0 100 15.3 64 
107 18 107 0 22 107 11 


195 


~- ~- ~~~~~~ ~ ~~~~ ~ ~~ ~ 


a Relative to hase peak f I ( K ) )  Change i n  ni/cj relative to I n-Rutylhoronate derivative 


M, 266 


M - 17,249 


M - 43,223 


M - 45,221 
M - 61,205 
M - 71, 195 


I69 
153 
107 


~~~ 


i('F-I strain). 18-22 g. were inoculated sut)ctitaiieously with -2 X 10" 
'/* ( ' r u z i  I3l:j; the inoculum was parasitemic mouse blood diluted with 
HoIq)e-Chapman solution (0 7.5% NaCl and wdium citrate plus 0.X 
glucoiqe). 


Twenty-four hours after inoculation and for 3 successive days there- 
after, each mouse was dosed hy gavage with 0.2 ml of the test suspension 
at the desired concentration; there were two groups of five mice each per 
treatment. Infected, sham-treated (fivr groups), and sham-infected, 
sham-treated (two groups) controls were included. Mortality and percent 
with parasiternia were noted through Day postinoculation. All infected 
controls became parasitemic, and 83% died. 


For the mouse protection study. Charle.- River (:Dl female mice. 21 
g. were iiijected intraperitoneally with 0.5 nll of a broth dilution 01 a 15-hr 
culltire o f  Solrnonc,/lo .\cllottmuc,//cri MSD :WIU. T h e  challenge do3e 
contained about I x 10: colony-forming units. estimated to  he 1 1  times 
t h e  iiumber of organisms that should kill W i , o f  the infected, nontreatrd 
mice il,Dr,,)), The test compounds were suipended evenly in 5"; dl-  
methylformamide and were administered by gavage immediately after 
injection and again 6 hr later. l 'here were five mice a t  each of the fourfold 
drug concentrations tested. On the 7 th  day alter infectiun. the test was 
conhidered complete; the  survival records of that day were used to cal- 
culate the E l h  values. the amount of compound that should protect 50mc 
(if'the infected, treated mice. 


RESULTS AND DISCUSSION 


pectrometric data for I are presented i n  Table I The  molecular 
ion is the base peak with other intense, pertinent ions at m/e  233 (M - 
17. possihly loss of hydroxyl from the adjacent methyl and nitro groups). 
195 IM - 55, loss of C4H; (C-4-C-7 with all hut  one o f  the associated 
hydrogen atoms)l. and 153. 


T h e  canine metaholite fractions were suhjected to direct probe mass 
spectrometry. Wiihout cxceplion, each appeared to contain a drug-re-  
lated compound possessing a molecular weight o f  282. suggesting intrci- 
duction of two oxygen atoms into I Mass spectrometric data for Me- 
tabolite Fraction C are presented i n  'Table I .  Rased on a comparison with 
the Iragmentation pattern of1, the metabolic transformations occurred 
on C-4-C-7 of the hexahydrol)enzisoxazole or "cvclohexane" ring and 
did not involve either heterocyclic ring. Although the spectra from the 
four fractions all showed the same molecular ion  ( m l c  1,8?), their relative 
intensity patterns varied significantly. suggesting that  the four u)nts 


H 


I.? Culture was iaiilated f rom a Rra7ili<iii patient in 1942 by T S Hauschka and 
maintained by mouse passage at the National Institutesof Health Irom which R 
Hewitt fladerle Labnratories) obtained subsequent passage material in March 1948 
A paosage culture was provided to the authors i n  1969 and cryogemcallv preserved 
until use. 


16 


16 


- 


16 
0 
0 


0 
0 
0 


7 3  


61 


25 


11 
10 
83 


21 
100 
30 


M, 282 32 61 


M - 17, 265 32 43 


70 M -35,247 -- 
M - 4 3 . 2 3 9  - 22 


M -45,237 32 8 


M - 8 7 ,  195 0 89 


169 0 16 
153 0 100 
107 0 31 


contain compounds in which two hydroxyl groups are  substituted iso- 
merically on positions C-4-C-7 of the  cyclohexane ring. 


Each metabolite fraction also was subjected to derivatization using 
n -botylboronic acid (4.5) followed by direct probe mass spectrometry 
(Table I ) .  These products all exhibited m/u 348  a s  a molecular ion, with 
l'ragment ionsofmle 331 (M - 17),291,195,169, 153,and 107; the relative 
intensities of the  ions varied from isolate to isolate. T h e  increases of  66 
mass units in molecular weight and the iOB/"B ratio (1:4) a t  m/e 347l348 
demonstrate formation of monocyclic boronate esters and require the 
presence of 1,2- or 1,3-(cis)-diol systems in the  metabolites. T h e  ion of 
m/e  291 (M - 57)  arises uia loss of the  butyl radical (C4H9); prominent 
ions that  do not contain boron (m/e  195, 169, 153, and 107) are also found 
iNthe spectra of I and underivatized metaholite fractions. 


These da ta  demonstrate that  the compounds in the  TLC zones are  
metabolites of 1: isomeric. dihydroxy-suhstituted species in which the 
hydroxyl groups are present on positions P714.  GLC-mass spectrometry 
o f  the  trimethyl- (and perdeuterotrimethyl-) silylated metabolite frac- 
t inns not only supported the  dihydroxylation proposal [molecular ions 
of 426/441 ( d P ]  but showed tha t  each fraction is multicomponent in 
nature (Fig. 1 and Tahle  11). 


Figure 1 -(;as chromatojiram oJ trimt3lhylsilylated Melubolite Fractton 
('. E a c h  o / t h e  /our  rna/orpcaks resul ts  / rum a mc,tabolite o J l  Cnlurnn 
conditions are gicen i n  Experimental sec,t ion 


IJ Studies carried nut on a methylene chloride extract of the urine of mice treated 
uith I dernwwtrated that c>clohexane ring h1drox)Iatoori also occurred I n  this 
5pecies 


I s  Volue for trimethylsilvl-dg derivative 
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T a b l e  11-GLC Retent ion  Behavior  of Metabol i tes  of I a n d  of 
Related Compounds 


~ ~~~~~~ 


Extent  o f  
Sample Retention Time" Hydroxylation 


A 


13 


c 


F b  
G' 


0.92 
1.21 
0.76 
0.90 
1.20 
0.9 I 
1 .OO 
1.09 
1.21 
0.97 
0.70 
0.76 
0.81 
0 91 
0.97 
1.20 
1.19 
1.19 


Dihydroxy 
Dihydroxy 
Dihydroxy 
Dihydroxy 
Di hydroxy 
Dihydroxy 
Dihydroxy 
Dihydroxy 
Dihydroxy 
Di hydrox y 
Monohydroxy 
Di hydroxy 
Monohydrox y 
Di hydroxy 
Di hyd roxy 
Dihydroxy 
Di hydroxy 
Dihvdroxv 


a Retention times (trimethylsilyl derivatives) relative to the malor component 
of C. Column conditions are given i n  E r p e r r n i m / o l  seclion b 5.6-cis-Dihydroxv 
C 6.7.crs- Dihydrux? 


NMR spectroscopy provided general support for the mass spectro- 
metric conclusion that the  nieiabolites were dihydroxylated on the cy- 
clohexane ring. Alth~)ugh the isolates are admittedly multicomponent 
in nature and impure, the imidazole ring could be excluded a s  a possible 
hydroxylation site since the chemical shifts of the N-methyl and nuclear 
proton were essentially unchanged from those in the parent drug. Com- 
pared with the NMR spectrum of I. the metabolites showed new signals 
in t h e  region associated with HC attached to oxygen. Only partial char- 
acterizations were attempted since the isolates were mixtures of two or 
more closely related isomeric Ytructures. 


Fraction E. containing metabolites originally present a s  conjugates, 
was  examined by direct prohe and GLC-mass spectrometry, free and also 
following trimethylsilylation (Tahle 11). These studies dernonstratrd that  
it contained a mixture of mono- and dihydroxy (two and four, respec- 
lively) meta1)olites with the hydroxyl group(s) present on the cyclohexane 
ring. Massspectrometric data  f o r  one of t h e  two monohydroxy metabo- 
lites are presented in Table I The molecular ion  is m/e  266, 16 m a s  units 
greater than that of I .  Many fragment ions in the spectrum possess The 
same mle balues (I c , 195, 169,153, and 107) as those found in the spectra 
of I and its dihydroxv metabolites, indicating the hydroxylation occurred 


a t  C-4-C 7. As required, the molecular ions fur the trime.thylsilyl derik- 
atives o f  the monohydroxy metabolites were found at  m / e  3:18/317 ( d ) .  
Mono- and dihydroxylation of the cyclohexane ring are reminiscent of 
the work hy Elliott ct a l  (61, who reported that, in the rabbit. the urinary 
cyclohexane metabolites nre the glucuronides of  cyrlohexancil and 
traru.-cyclohexane-1,2-diol. Henwick and U'illi;ims (7) also demonstrated 
that these alcohols (free and conjugated) are cyclohexglamine metaholites 
in several species. The mrtabolic hydroxylation of cyclohexyl groups was 
discussed by Testa  and .Jenner (81. 


Because of the large number of possible dihydroxy I isomers and the 
complicated nature  of the metabolite fractions, complete structural 
elucidation of the  metabolites was not undertaken Based on available 
information, however. several dihydroxy I derivatives (Tahle 11) were 
synthesizedifi. Their mass spectrometric and other phvsical properties 
demonstrated that the metabolic transformation of I does, indeed. involve 
hydroxylation of the hexahvdrohenzisoxazole ring (Table  I ,  comparison 
of the mass spectra of Metaholite Fraction C and Compound G I 7 ) .  Effi- 
cacious doses (no deaths; no parasitemia) of I and C against an experi- 
mental T cruzi B infection in mice were 62.5 and 15 6 mg/kg po X 4 days, 
respectively. The  EDSO values of 1 and G against S. schottrnuelleri in- 
fections in mice were 9.0 and 1.25 mgimouse (1.50 and 62.5 mgikg X 2 
doses), respectively. The  apprnach chosen in this study-structural 
characterization of biologically active metabolites followed by synthesis 
of bioactive compounds based on this information-has been vali- 
dated.  
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l6 Unpublished data. 
Although the CLC and mass spectrurnetric data (o r  w+eraI rnetahdites and 


t h e  synthesized dihvdrrixv cumpounds ore s ~ r n i l ~ r .  i t  IS not p r ~ i h l e  now t o  state 
unequi\rirally whether the re  are cases of ident i t \  


1158 / Journal of Pharmaceutical Sciences 
Wol. 68, No. 9. September 1979 












New to this edition are structure-correlation tables for PMR and IR 
spectroscopy, ionization potentials of molecular and radical species, 
potentials of reference electrodes for water-organic solvent mixtures, 
and a wavenumber/wavelength conversion table. 
In the original edition of this handbook, Dr. N. A. Lange described his 


effort “to select material to meet the needs of chemists who cannot 
command the unlimited time available to the research specialist, or who 
lack the facilities of a large technical library . . . (or who) may find this 
volume of value as a time-saver because of the many tables of numerical 
data which have been especially computed for this purpose.” The present 
edition contains clear, comprehensive tables entirely consistent with the 
original editor’s purpose. The compilations of commonly used infbrma- 
tion in mathematics, atomic and molecular structure, inorganic chemistry, 
analytical chemistry, electrochemistry, organic chemistry, and spec- 
troscopy are complemented by succinct, well-written summaries of basic 
theory in each area. 


This excellent, relatively inexpensive volume would be a useful addition 
to the library of anyone involved in pharmaceutical research. 


Staff Review 


Progress in Drug Research, Vol. 22. Edited by ERNST JUCKER. 
Birkhauser Verlag, P.O. Box 34, CH-4010, Basel, Switzerland. 1978. 
412 pp. 16 X 24 cm. Price Fr. 168. 
This volume of “Progress in Drug Research” contains eight chapters 


of diverse character and subject matter. However, all are expert accounts 
of recent progress or current activity in a particular area of drug re- 
search. 


The first contribution, “Aspects of Social Pharmacology,” discusses 
this emerging discipline. Social pharmacology is described as drawing 
on disciplines ( eg . ,  sociology and economics) outside pharmacology in 
order to better evaluate the effects of drugs as they are usually employed, 
i.e., after controlled clinical studies. The second contribution, “Funda- 
mental Structures in Drug Research II,”is a companion piece to Part I, 
which appeared in Vol. 19 of “Progress in Drug Research.” The basic 
approach is one of showing how the structures of members of a thera- 
peutic group evolve from a lead or prototypical compound. Included in 
Part I1 are antimicrobials, antiprotozoals, anthelmintics, antibiotics, 
antivirals, antineoplastics, steroidal and peptidal hormones, prosta- 
glandins, and vitamins. This work can be useful in several ways, one of 
which is as an efficient summary or outline of structural types associated 
with particular pharmacological activity. 


Chapter three, “Antifungal Agents,” is a good treatment of the clini- 
cally useful antifungal agents. For each agent, there is a summary of 
pertinent chemistry and thorough reviews of m e c h a n i d s )  of action, 
mechanism(s) of resistance, and assessments of current clinical utility. 
Chapter four, “Analgesics and Their Antagonists: Recent Developments.” 
covers the literature since 1970 in a thorough and well-written review of 
synthesis and structure-activity relationships among opium alkaloids 
and synthetic analgesics. A good account of the opioid peptides is in- 
cluded also. 


The fifth contribution, “The Benzodiazepine Story,” recounts inter- 
esting personal research experiences of Leo H. Sternbach in the devel- 
opment of this field of medicinal agents. Additionally, this chapter is a 
good overview of the development of, and the present directions of re- 
search in, benzodiazepines and related compounds. Chapter six, “Anti- 
viral Agents,” carefully reviews recent advances. The agents are grouped 
by chemical type where feasible. Chemical modifications and antiviral 
activities for each group are given. 


The seventh Contribution, “Klinisch-Pharmakologische Kriterien in 
der Bewertung Eines Neuen Antibiotikums. Grundlagen and Method- 
ische Gesichtspunkte,” describes problems encountered and procedures 
involved in the clinical evaluation of new drug entities. A good general 


treatment of the factors involved in antibiotics evaluation is presenteb. 
The concluding chapter, “Drug Research and Human Sleep,” is a concise 
account of the state of the ar t  in the study of the drug effects on sleep in 
human subjects. Included are discussions of factors to be considered in 
accurately measuring drug effects on sleep and the problem of deter- 
mining the significance of these effects. 


The present volume offers a high quality and varied hill of fare. Each 
contribution is current and is authoritatively written. Volume 22 upholds 
the series’ reputation as one of the classic and indispensable reference 
works for any college of pharmacy library. 


Reviewed by Eugene I. Isaacson 
College of Pharmacy 
Idaho S ta te  Ciniuersily 
Pocatello, ID 83209 


Animal Health Products: Design and Evaluation. DONAI,D C. 
MONKHOUSE. American Pharmaceutical Association, 221 5 Con- 
stitution Ave., N.W., Washington, DC 20037. 152 pp. 15 X 2.1 cm, 
soft cover, $14.00 ($9.00 APhA Member Rate). 
The increasing likelihood of a global food shortage is drawing more 


attention to the area of animal health products, particularly those de- 
signed to improve agricultural productivity. Animal Health Products: 
Design and Eualuation is the first booklength compilation of concepts 
and ideas related to research in this field and will doubtless serve as a 
reference text for teaching and for defining future research. As such, it 
is an important and readable contribution to an area largely neglected 
in pharmaceutical journals and texts and rarely addressed by the cur- 
ricula of schools of pharmacy. 


The APhA Annual Meeting symposium from which this volume 
evolved was designed to acquaint scientists working primarily in human 
therapeutics with the rapidly expanding area of veterinary research. The 
growing importance of pharmaceutical support for animal husbandry 
is one reason this volume should he of interest to scientists in this and 
in related fields. Another reason is that the growth of government regu- 
latory requirements for animal products-which are generally stiffer than 
those for human products-is increasing the need for cooperative work 
between scientists in various areas, particularly in toxicology and meta- 
bolic studies. 


A final attraction is the pure intellectual challenge of this area of 
pharmacy. As Dr. Lloyd H. Conover wrote in the “overview” Chapter: 


“The dip-bath constitutes the  greatest challenge I know to the  
art and science of pharmacy. Dip-baths are water-filled vats in 
uhich cattle or sheep take periodic involuntary ‘dips.’ The  active 
cctopnrasiticidal agent, usually in the form of an  emulsifiable 
cwncvntrute, is maintained at an  effectioe concentration by peri- 
odic additions to the bath. Thousands uf animals may  pass 
through a dip-bath in thc course o fa  week, and as they do, oxcre- 
ta ,  soil, microorganisms and other miscellaneous debris accumu- 
late. The  cmulsion must retain its chprnical and physical integri- 
t j ’ i n  the murky  bath for months,  ruhilp the cctoparasiticidal film 
lvft on the  skin and hair of dipped animals must withstand tropi- 
cal rains and sun /or at least a week. Think on this. if you arc ac- 
customcd to  imrking with elegant human dosagc forms!” 


Animal H m l t h  Products covers several of the major problems in vet- 
erinary pharmacy, with particularly good information on the pharma- 
rokinetics of oral dosage forms in multigastric animals, the analyses and 
metaholisrn of tissue residues, the problems of incorporating drugs into 
teed, and the special stability problems of veterinary formulations. 


Staff Reuieiu 
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Abstract  o A commercial amitriptyline hydrochloride solution was 
stored a t  80' for up to 3 months. High-performance liquid chromatog- 
raphy showed no evidence of amitriptyline hydrochloride degradation. 
The method also indicated that two reported degradates, 34propa- 
1,3-dienyl)-1,2:4,5-dibenzocyclohepta- 1,4-diene and dibenzosuberone, 
were present a t  levels less than 0.1% (the detection limit of the method) 
under the storage conditions. The stability of the commercial solutions 
is attributed to their relatively low ratio of headspace oxygen to ami- 
triptyline hydrochloride. 


Keyphrases Amitriptyline hydrochloride-stability, commercial 
aqueous solutions, high-performance liquid chromatography Anti- 
depressants-amitriptyline hydrochloride, stability, commercial aqueous 
solutions, high-performance liquid chromatography 0 High-performance 
liquid chromatography-analysis, arnitriptyline hydrochloride in com- 
mercial aqueous solutions, stability 


Amitriptyline hydrochloride decomposition products 
in aqueous solution were identified by Enever et al. (1). 
More recently, the same investigators reported a number 
of factors that influence the drug's decomposition rate (2). 
The latter study indicated that aqueous amitriptyline 
hydrochloride solutions could undergo appreciable de- 
composition after even a few days of storage a t  80". 


Neither study reported data for amitriptyline hydro- 
chloride stability in marketed parenteral solutions. The 
purpose of this investigation was to assess the stability of 
an aqueous amitriptyline hydrochloride solution in one 
such formulation'. 


EXPERIMENTAL 


Materials-Amitriptyline hydrochloride*, dibenzosuberone3, and 
methanesulfonic acid' were used without further purification. All other 
chemicals were reagent grade. 


High-Performance Liquid Chromatography (HPLC)-Appara- 
tus-The liquid chromatograph6 was equipped with a fixed-wavelength 
detector (254 nm), an oven, and an integrator. 


Column-A 30 X 0.39-cm (i.d.) column containing a nitrile-bonded 
phase packin8 was used at 30" with a mobile phase flow of 2 ml/min. 


Mobile Phase-For amitriptyline hydrochloride analysis. acetoni- 
trile-0.02 M ammonium acetate plus 0.01 M methanesulfonic acid in 


Elavil. 10 mg/ml in a 10-ml multidose vial, Merck Sharp & Dohme, West Point, 


* Merck Sharp & Dohme. West Point. Pa. 
Aldrich Chemical Co.,  Milwaukee, Wis. 


4 Eastman Kodak Co.. Rochester. N.Y. 
Hewlett-Packard model 1084, Avondale, Pa. 


8 WBondapak CN, Waters Asaociates, Milford. Mass. 


Pa. 


Table I-Amitriptyline Hydrochloride in Aqueous Solution 
Stored at 80' 


Found, Percent of 
Days mg/ml Initial 


Initial 
4 
8 


11 
16 
20 


10.21 
10.32 
10.25 ~ ~~ 


10.24 
10.20 
10.10 


101 
100.4 
100.3 
99.9 
98.9 


24 10.15 99.4 
28 10.16 99.5 
35 10.19 99.8 
90 10.08 98.7 


distilled water (9010) was used. For degradate detection, the ratio was 
5050. 


Sample Preparation-The sample was prepared by diluting a 2.0-ml 
aliquot to 25.0 ml with distilled water. The sample was filtered prior to 
analysis, and 10 p1 was injected onto the column (attenuation 0.0256 
absorbance unit/cm). Samples containing degradates were prepared in 
the same manner and injected a t  an attenuation of 0.0032 absorbance 
unit/cm. 


Quantitation-Quantitation was achieved using the ratio of the sample 
peak area to that of an amitriptyline hydrochloride reference stan- 
dard2. 


Storage of Amitriptyline Hydrochloride Solutions-Multiple-dose 
vials' (10 ml) were stored in a forced-air oven' maintained a t  8O0..Vials 
were withdrawn a t  predetermined times and stored a t  5' prior to analysis 
a t  the completion of the study (3 months). 


Synthesis of 3-( Propa-  I ,J-dienyl)- I ,2:4,5-di benzocyclohepta- 
1.4-diene (I)-An authentic sample of I was prepared from amitriptyline 
N-oxide dihydrate (3) by Cope elimination (125'/2 hr). The product was 
isolated by ether extraction and purified by column chromatography on 
silica get with carbon tetrachloride elution. The purified sample was 
characterized by TLC and spectra (UV, NMR; and mass) and was stored 
a t  so. 


RESULTS AND DISCUSSION 


The results (Table I) showed no detectable amitriptyline hydrochloride 
loss in aqueous solutions stored a t  80' for up to 90 days. The results are 
unusual only in that  the solutions studied by Enever ef al. (2) showed 
amitriptyline hydrochloride losses from 5 to 90% after Rtorage a t  80' for 
30 days. The solutions used in the earlier study contained 2 mg ofami- 
triptyline hydrochloride/ml buffered at  pH 3.0 or 5.0 and were sealed in 
ampuls with a 4:l ratio of headspace to solution (2). The commercial 
formulation contained 10 mg of amitriptyline hydrochloride/ml in an 
unbuffered solution that also included 44 mg ofdextrose/ml, 1.5 mg of 


' Model OV-490A-2. Blue M Electric Co., Blue Island, 111 
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Figure 1-Chromatogram of diluted amitriptyline hydrochloride for- 
mulation. Peak A represents methylparaben. propylparaben, and I and 
11, i f  present. The mobile phase was acetonitrile-0.02 M ammonium 
acetate and 0.01 M methanesulfonic acid (90t10). 


methylparaben/ml, and 0.2 mg of propylparabenlml. The ratio of head- 
space to liquid in the multiple-dose vial was 1:6, and the pH was 4.0-6.0 
(4). 


Enever et a1 (2) demonstrated the involvement of oxygen in ami- 
triptyline hydrochloride degradation with an experiment showing no 
decomposition of drug sealed in ampuls under nitrogen. An accurate 
prediction of the headspace oxygen effect on amitriptyline hydrochloride 
decomposition would require detailed knowledge of the reaction kinetics. 
However, the fact that  the headspace to amitriptyline ratio in the mar- 
keted formulation was less than 1/100th of that for the solutions studied 
previously (2)  is a likely explanation for the different extents of degra- 
dation. 


Assay-Enever et a1 (2) used ether extraction followed by GLC to 
assay the intact amitriptyline. In the present study, an HPLC procedure 
using a dilute solution of the formulation was more convenient. In this 
method, which was modified from one reported for amitriptyline hy- 
drochloride-perphenazine tablets (5), the neutral compounds, methyl- 
and propylparaben, as well as the degradates, 3-(propa-1,3-dienyl)- 
1,2:4,5-dibenzocyclohepta-1,4-diene ( I )  and dibenzosuberone ( II ) ,  were 
unretained and eluted well before the hasic amitriptyline (Fig. 1). A third 
degradate reported by Enever et al. ( I ) ,  3-(2-oxoethylidene)-1,2:4,5- 
dihenzocyclohepta-l.4-diene (Il l) ,  was not available for testing. Since 
111 is a neutral compound, it should exhibit polarity similar to I1 and 
should almost certainly be separated from amitriptyline under the con- 
ditions used. 


Detection of Degradates-The k’ values for I and I1 could be in- 
creased by decreasing the acetonitrile percentage in the mobile phase 
while maintaining a relatively constant k’ value for amitriptyline by in- 
creasing the methanesulfonic acid level. Thus, it was possible to separate 
and detect I. 11, and amitriptyline in the same chromatogram (Fig. 2). 
This chromatogram of amitriptyline spiked with I and I1 illustrates po- 
tential degradate detection a t  levels as low as 0.1%. Even under these 


AM I T R I P T Y  L I  NE 


10.0032 AU 


1 1 1 1 I I  
0 2 4 6 B l O  


MINUTES 


Figure 2-Chromatogram of amitriptyline hydrochloride standard 
(0.64 rnglml) spiked with I (0.00065 rnglml) and I1 (0.0016 mglrnl). The 
mobile phase was acetonitrile-0.02 M ammonium acetate and 0.01 M 
methanesulfonic acid (5050). 


conditions, it was not possible to detect either I or I1 in amitriptyline 
hydrochloride solutions at 80“ for up to 3 months. T o  test whether storage 
tor longer periods a t  lower temperatures might induce degradation, three 
lots of commercial material that  had been stored a t  room temperature 
for longer than 5 years (the expiration date for the product) were ana- 
lyzed, but neither I nor I1 could be detected. 


Although the commercial formulation is clearly more stable than the 
aqueous amitriptyline hydrochloride solutions studied by Enever et al. 
(2) ,  the absence of detectable degradates in the former solutions even 
after 3 months of storage a t  80° is surprising. One explanation for the 
ahsence of I and I1 might be the formation of other transformation 
products. Compound I polymerized readily. Both the formulation and 
solutions containing all ingredients except amitriptyline hydrochloride 
discolored during storage a t  80° and eventually formed a brown oil, 
presumably due to dextrose decomposition, thus obscuring the visual 
detection of insoluble amitriptyline degradates. 
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Abstract 0 Staphylococcus aureus cultures treated with the hydro- 
chloride salt of the indoquinoline alkaloid, cryptolepine, which was iso- 
lated from the roots of Cryptolepis sanguinolenta, showed biphasic 
steady-state generation curves at the same dose level. The apparent 
generation rate constant for the initial phase of action (phase I) was 
greater than that for phase XI. The formal dependence of the apparent 
generation rate constant on drug concentration for the phase I action was 
linear at low drug concentrations but asymptotically approached zero 
at high concentrations, indicating saturation of the receptor sites engaged 
in microbial protein synthesis. The dependence for phase I1 action was 
linear in the entire concentration range and demonstrated a process that 
did not conform to a saturable receptor site model but resulted in a kill 
or lysis of the cells. Cryptolepine possesses bacteriostatic and bactericidal 
actions. Both phenomena occur in the initial stages of drug-bacteria re- 
action, hut the bactericidal action predominates in subsequent stages. 
The effects of pH changes in broth media on generation inhibition of S. 
nurcw by cryptolepine hydrochloride action indicated that the unpro- 
tonated drug fraction contributes to its activity, possibly because of its 
ready penetration through the cell membrane. 


Keyphrases 0 Cryptolepine hydrochloride-action on Staphylococcus 
nurcus, microbial kinetics Antibacterial agents-cryptolepine hy- 
drochloride, action on Staphylococcus aureus, microbial kinetics 0 
Stnphyiococcus aureus-effect of cryptolepine hydrochloride, microbial 
kinetics 


Cryptolepine, an alkaloid, was first isolated in 1929 (1) 
from the roots of Cryptolepis triangularis N.E.Br. growing 
wild in the Belgian Congo. The alkaloid also has been 
isolated from another genus, Cryptolepis sanguinolenta 
(Lindl.) Schlecter, which is native to West Africa (2). It has 
the indoquinoline structure shown in Scheme I (3). 
Cryptolepis plants belong to the family Asclepiadaceae 
and grow as shrubs in tropical Africa. Extracts from these 
plants have been used in folk medicine and as a dye by the 
indigenous people (3). In Ghanal, aqueous extracts from 
the roots of C. sanguinolenta have been used by herbalists 
to treat urinary tract infections and malaria. 


Cryptolepine is reported to possess hypotensive prop- 
erties and to produce a marked and prolonged fall in blood 
pressure as well as to lower body temperature (4,5). Recent 
studies demonstrated that aqueous C. sanguinolenta ex- 
tracts possess antimicrobial action against some urinary 
tract pathogens (6), while cryptolepine hydrochloride has 
a wide spectrum of activity against Gram-positive and 
Gram-negative bacteria as well as Candida albicans (7). 


Microbial kinetic studies (8-11) were applied to evaluate 
the action of cryptolepine hydrochloride on Staphylo- 
coccus aureus, which is a susceptible organism. This paper 
discusses the functional dependency of kinetic parameters 
derived from growth inhibition of S. aureus cultures on 
cryptolepine hydrochloride concentrations, broth con- 
stituents, inoculum size, broth pH, and other conditions. 
A possible mechanism of cryptolepine action on S. aureus 
cells is postulated. 


~~~ ~~ 


' Ur. Oku-Ampofo, Cen!re for Plant Medicine Research, Mampong-Akwapim, 
Ghana, personal communlcation. 


cryptolepine 


Scheme I 


EXPERIMENTAL 


Materials and Methods-Staphylococcus aureus (ATCC 6538) was 
used in all experiments. It was cultivated in broth medium2 and was used 
in determining cryptolepine-bacteria reactions as described previously 
(8-1 1 ). Cryptolepine hydrochloride solutions were made by dissolving 
cryptolepine hydrochloride crystals3 (mp 263-265'), referred to as 
cryptolepine in this paper, in aqueous 1% (v/v) polysorbate 80. 


A particle-size count& and the poured plate method with sandwiched 
agar plates were employed in determining the total and viable counts, 
respectively, on drug-free and drug-affected S. aureus cultures as de- 
scribed previously (8-11). Culture samples were withdrawn at 30-min 
intervals for both counts. 


Effect of 0.04% (v/v) Polysorbate 80 on Generation Rates-Ali- 
quots (2.0 ml) of sterile aqueous 1% (v/v) polysorbate 80 were added 
aseptically to replicate 48-ml volumes of S. aureus cultures growing at  
37.5'. At this time, growth was in the logarithmic phase and the cell 
population was 2.0 X lo6 organisms/ml. Culture samples were withdrawn 
every 30 min, and the cell population was determined by the total count 
method. Fifty-milliliter volumes of S. aureus cultures containing 0.04% 
(v/v) polysorbate 80 were used as controls in all experiments. 


Effect of Cryptolepine Hydrochloride Concentrations on Gen- 
eration Rates-Two-milliliter aliquots of cryptolepine hydrochloride 
solutions were added to replicate 48-ml culture samples to yield the re- 
quired drug concentrations. Drug was added when the cultures were in 
the exponential growth phaseat 37.5' and the cell population was 2.0 X 
lo6 cells/ml. Generation curves were obtained by the total count method 
for cultures affected by cryptolepine concentrations within the 0-30- 
pg/ml range. Generation curves of the cultures affected with 0,5,10,20, 
and 30 pg of cryptolepine/ml also were obtained by the total and viable 
count methods. 


Nutrient Concentration Effect on Drug-Affected Generation 
Rates-Antibiotic Medium 3 was prepared to contain half, single, and 
double the concentrations of ingredients specified by the manufacturer, 
with pH adjustment to 7.05 It 0.05 where necessary. The three media were 
used in determining generation curves of cultures treated with 0,2,10, 
18, and 26 pg of cryptolepine/ml at 37.5'. The cell population at the time 
of drug addition was 2.0 x 106 cells/ml. Total counts were obtained on 
culture samples withdrawn at 30-min intervals. 


Organism Population Effect on Drug-Affected Generation 
Rates-Generation curves of replicate cultures treated with 0,2, 10,18, 
and 26 pg of cryptolepine/ml at three bacterial population levels (2.0 X 
106,2.0 x 106, and 1.0 X 107 cells/ml) were determined. Total counts were 
obtained on samples withdrawn every 30 min. 


pH Effect on Drug-Affected Generation Rates-Broth media were 
adjusted with 2.0 N HCl and 2.0 N NaOH to pH 6.5,7.0, and 7.5. Repli- 
cates of each broth were inoculated with the test organism and incubated 
at  37.5O. Aliquots (2.0 ml) of cryptolepine solutions were added t o  rep- 
licate cultures to yield 0 and 14 pg of cryptolepine/ml. The cell population 


Antibiotic medium 3, Difco Laboratories, Detroit, Mich. 
Prepared in the Department of Pharmaceutical Chemistry, University of 


Science and Technology, Kumasi, Ghana. 
4 Coulter counter, model ZBI. Coulter Electronics Co., Hialeah, Fla. 
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Figure 1-Generation curves of S. aureus at  pH 7.05 and 37.5’ in the 
absence and presence of cryptolepine, obtained by total (-) and viable 
( -  - -)  counts. The curves and respective drug concentrations (micro- 
grams per milliliter) were: A, A1 = 0; B, BI = 5; C, CI = 10; D, Di = 20; 
and E, El = 30. 


at  the time of drug addition was 2.0 X 10s/ml, and total counts were de- 
termined on samples withdrawn every 30 min. 


Size Frequency Distribution of Drug-Free and Drug-Treated 
Cultures-Size frequency distribution curves of a control drug-free 
culture and test culture treated with 14 pg of cryptolepine/ml were gen- 
erated from a Channelyzers calibrated with a threshold factor of 0.034, 
a t  base channel threshold 5 and window width 100. The curves were re- 
corded with an x-y recorder I15. 


RESULTS 


Effect of 0.04% (v/v) polysorbate 80 on Generation of S. aureus 
Cultures-S. aureus growing in the absence or presence of 0.04% (vlv) 
polysorbate 80 showed an exponential generation phase: 


ln N = In No + kot (Eq. 1) 


where N is the number of organisms per unit volume at a time t ;  NO is the 
number of organisms per unit volume at  some initial time, 0; and ko is 
the apparent generation rate constant. The apparent generation rate 
constant, ko in seconds-’, obtained from the slopesoflnNversus t plots, 
was 40.93 X sec-l in the absence of polysorbate 80 but w p  61.17 X 
10-6 sec-1 in the presence of 0.04% (vlv) polysorbate 8C. The mean gen- 
eration time (rngt) for S. aureus was calculated in accordance with 


mgt = 0.693/ko (Eq. 2) 
The mgt of the test organism decreased by -30% in the presence of 0.04% 
(v/v) polysorbate 80 to 18.88 min (8). The incteased rate of cell growth 
and division of S. aureus in the presence of polysorbate 80 may be at- 
tributed to: ( a )  the surfactant effect of polysorbate 80 enhancing the 
nutrient material permeation and/or oxygen availability into the cells, 
or (b) the polysorbate 80 enriching the broth medium as a nutrient source 
(12-16). 
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Figure 2-Functional dependence of apparent generation rate con- 
stant, k,,,, in seconds-‘, for drug-affected s. aureus on cryptolepine 
concentrations (micrograms per milliliter) a t  pH 7.05 and 37.5’. Curve 
A (0) is for dependence in phase I, and curve B (0) is for dependence 
in phase IZ. 


Generation Curves of Cryptolepine-Treated S. aureus Cul- 
tures-Semilogarithmic plots of the total count versus time are shown 
in Fig. 1. The addition of graded cryptolepine concentrations t6 balanced 
S. aureus cultures decreased the generation rate after a lag phase of -10 
min. The initial steady-state generation phase (phase I) was followed by 
another steady-state generation phase (phase 11) after one to four suc- 
cessive generations of the cultures affected by high drug concentrations. 
Apparent generation rate constants (kaqp in seconds-’) of drug-affected 
cultures were obtained from linear portions of In N versus t plots in ac- 
cordance with 


In N = In NO + kappt (Eq. 3) 


The generation rate constants, k,,, for phase I generation were greater 
than those, kapplp for phase I1 generations. These observations suggest 
that cryptolepine hm more than one mechanism of action on S. au- 
reus. 


Comparison of Generation Curves of Drug-Treated Cultures by 
Total and Viable Count Methods-Semilogarithmic plots of the total 
and viable counts versus time for S. aureus cultures treated with 0,5,10, 
20, and 30 pg of cryptolepine/ml, also are shown in Fig. 1. Parallel curves 
were obtained for plots of the total and viable counts for cultures affected 
with low cryptolepine concentrations, 0-10 pg/ml, in all growth 
phases. 


Cultures affected with higher drug concentrations, 20 and 30 pglml, 
yielded curves that were parallel and coincident, respectively, for 55 min 
in phase I growth. Thereafter, the viable count dropped rapidly with time, 
which may indicate a bactericidal or lytic action superimposed on gen- 
eration inhibition at  the higher concentration range. Where parallel 
curves were obtained, the total count was 50-60’70 of the viable count. 


Generation Rate Dependency on Drug Concentrations-A plot 
of kap, versus concentration is shown in Fig. 2. The extent of generation 
inhibition was directly proportional to the cryptolepine concentration 
in the ranges of 0-4.25 pglml for phase I action and 0-18.55 pglml for 
phase I1 action. The kapp dependence on cryptolepine concentration (D) 
is expressed 


0%. 4) kapp = ko - kdD 


where kd is the specific inhibitory rate constant. At a >4.25-pg/ml con- 
centration in phase I, kapp was not a linear function of increasing drug 
concentration but asymptotically approached zero. 


Applicability of Saturation Kinetics to Cryptolepine Action on 
S. aureus-Figure 3 shows a plot of DAko - k,,,) versus D in accordance 
with a previously derived (12) saturable receptor site model: 


D/(ko - kapp) D(kb/ka) + l l k a  (Eq. 5) Coulter Electronics Co., Hialeah, Fla. 


Journal of Pharmaceutical Sciences J 151 1 
Vol. 68. No. 12, December 1979 







Table I-Derived a Kinetic Parameters from Generation Curves 
of Cryptolepine-Treated S. aureus Cultures 


Kinetic Parameter Phase I Phase I1 


105 kd, ml/ g secb 3.33 3.26 


- 3.30 
lo5 k , mlLg secc 3.77 - 
lo5 k, ,  6 ml/pg seed 
lo5 k,, ml/pg secP 0.47 - 
lo5 kh. d u e c  3460.00 - 


13.58 
0.22 


37.07 


- 
- 


18.54 


a Derived from Fig. 2 data. Calculated from the slope of the plot of k., uersus 
concentration from 0-4.25 pg of cryptolepine/ml in phase I and from 0-f8 pg nf 
cry tolepine/ml in phase 11. C The kA and kb values were estimated from the slope 
anfintercept of the plot of D / ( k o  - kaPp) uersus D from Eq. 5 for cryptolepine 
concentrations greater than 4.25 /.ig/ml in phase I. Derived from the slope of the !kt of l/(ko - kapp) uersus 1/D from Eq. 4. The difference between the kA and 


values from Eq. 17a. f Calculated from Eqs. 6 and 8 for phases I and 11, respec- 
tively, when cryptolepine is a t  the minimal inhibitory concentration. 


where k, and kb are proportionality constants related to drug availability 
in the biophase and drug affinity for receptor or binding sites. Adherence 
to Eq. 5 is observed for linear plots obtained for cryptolepine concen- 
trations greater than 4.25 pg/ml in phase I. Deviation of the plot from 
linearity occurs at concentrations less than 4.25 pg/ml, indicating 
nonadherence to a saturable process at lower concentration ranges in 
phase I. There was no adherence to the model for phase I1 of cryptolepine 
action in the concentration range studied. These findings demonstrate 
a different mechanism of action for phases I and 11. The k ,  and kb values 
are given in Table I. The minimum inhibitory concentration (MIC) of 
cryptolepine during phase I was calculated from the expression (8): 


D m I  = ko/(ka - kokb) (Eq. 6) 


where DmI is the minimum inhibitory concentration of phase I. The 
minimum inhibitory concentration during phase 11, DmI,, is derived 
from: 


(Eq. 7) 


where ka = kd in Eq. 4 during phase 11. At Dmll, where kappII= 0, Eq. 4 
simplifies to: 


D,,, = ko/kA (Eq. 8) 


The calculated D,, and D,,, values are given in Table I. 
Medium Composition Effect on Drug-Affected Generation 


Rates-Apparent generation rate constants, kapp ,  of drug-free and 
drug-treated S. aureus in Antibiotic Medium 3 at three concentrations 
are given in Table 11. The generation rate constants varied significantly 
when the medium concentration was varied, which may indicate inter- 
ference with drug action by medium constituents. 


Cell Population Effect a t  Time of Drug Addition on Generation 
Rates-Table I1 also gives apparent generation rate constants of drug- 
free and drug-affected s. aureus in single strength Antibiotic Medium 
3 with three different organism populations at  the time of drug addition. 
There were no significant variations of the generation rate constants with 
organism populations at any of the drug concentrations. 


pH Effect on Generation Rates-The generation rate constants of 
drug-free and drug-affected S. aureus in broth adjusted to pH 6.5.7.0, 
and 7.5 are given in Table 111. The generation rate constant, ko, of drug- 
free cultures was invariant with pH, and that of drug-treated cultures 
varied significantly with changes in pH. A pH increase reduced the 
generation rate constant, indicating an increase in drug action on S. au- 
reus cultures. 


A 


I I I I I I 
5 10 15 20 25 30 


CRY PTO LEP I N E, pg/ml 
Figure 3-Applicability of saturation kinetic model to the dependency 
of apparent growth rate constants, kapp, of drug-affected S. aureus on 
higher cryptolepine concentrations a t  pH 7.05 and 37.5'. Curve A is for 
S. aureus-affected culture in phase I generation, and curve B is for S. 
aureus-affected culture in phase I1 generation. The actual values of 
D/(ko - knPp) are multiplied by a factor, f, where f = 0.001. 


Cryptolepine Effect on Size Frequency Distribution Curves of 
S. aureus-The size frequency distributions of drug-free and drug-af- 
fected S. aureus cultures are given in Fig. 4. Table IV shows the pre- 
dominance of two population types with mean cell diameters of 0.769 and 
1.549 pm. The drug-free cultures demonstrated a relative percentage 
increase of cell diameter throughout the experiment. The drug-treated 
cultures showed an initial cell diameter increase in 20% of the population, 
but this increase was followed by cessation of growth. 


DISCUSSION 


S. aureus cultures treated with cryptolepine showed biphasic 
steady-state generation curves (Fig. 1). The generation rate constant in 
phase I was greater than that in phase 11, indicating an enhanced gener- 
ation inhibition in the latter phase. Figure 2 shows that the dependency 
of the generation rate constant on cryptolepine concentration for phase 
I was linear a t  low drug concentrations, 0-4.25 pg of cryptolepine/ml, but 
gave an asymptotic curve at concentrations greater than 4.25 pg/ml. The 
phase I1 dependency was linear in the entire concentration range. 


The plot of D / ( k o  - kapp) uersus D (Fig. 3) reveals that the phase I 
cryptolepine action in the high concentration range adhered to a saturable 
receptor site model, except that deviations occurred in the low concen- 
tration range (17). The phase I1 cryptolepine action in the entire con- 
centration range did not follow saturation kinetics, which may imply that 
few receptors interacted with cryptolepine molecules to produce gener- 
ation inhibition. The inference is that the mechanism of cryptolepine in 
phase I1 is different from phase I. 


Organism population at  the time of drug addition did not affect the 
generation rate (Table 11), demonstrating that cryptolepine was not 
metabolized by S. aureus. Moreover, the drug was not depleted in the 
medium as a result of adsorption to cellular components, and the drug 


Table 11-Effect of Variation in Broth Composition and Inoculum Size on Phase I and I1 Generation Rates of Cryptolepine-Treated 
S. aureus 


Cryptolepine, Phase I Phase I1 Phase I Phase I1 
d m l  Bin R 2 b  B3' Bi B2 B3 I l d  12e 14 11 I2 13 


0 61.91 60.40 63.61 - - - 60.12 62.10 61.81 - - - 
2 48.19 55.01 63.18 - - - 55.54 56.21 57.00 - - - 


10 19.17 34.50 57.76 7.0 27.0 38.78 34.63 35.28 36.94 27.57 28.86 25.53 
18 9.61 18.25 46.55 0 2.50 23.56 15.85 16.51 16.08 2.49 3.18 2.71 
26 5.77 9.5 23.70 0 0 7.74 9.27 9.10 8.20 0 0 0 


a Half-strength broth ( E l ) .  * Normal-strength broth (LIZ) .  Double-strength broth (83). Inoculum of 2.0 X lo5 celldm1 (11). 111oculum of 2.0 X lW cells/ml ( 1 2 ) .  
f Inoculum of 1.0 x 107 cells/ml(13). 
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Table 111-Effect of Broth pH on Phase I and I1 Generation 
Rates of S. aureus Cultures Treated with 14 pg of Cryptolepine/ 
ml 


kapD X sec-1 
PH ko kappt k e p p r i  ko - kam, ko - ~ ~ D D I I  


Table IV-Size Frequency Distribution of S. aureus Cultures 
Treated with 0 and 14 fig of Cryptolepine/ml 


Drug-Free Cells Drug-Treated Cells 
Min- Mean Cell Relative Mean Cell Relative 
utes Diameter, jtm Frequency, % Diameter, pm Frequency, % 


~ 


6.5 61.37 40.08 26.97 21.29 34.40 
7.0 60.92 24.09 13.36 36.84 47.57 
7.5 61.09 15.66 3.01 45.43 58.00 


5 0.769 78 - - 
30 0.769 69.3 0.769 80.40 


1.521 30.7 1.589 19.60 
60 0.769 52 0.769 86.00 


1.537 48 
was not inactivated either by cellular excretions or by other interactions 
as a function of organism numbers. 


Variation in the concentration of medium constituents significantly 
altered the generation rate constant (Table 11). This variation is attrib- 
uted to the fact that the drug either is bound to broth constituents or is 
inactivated by metabolites in the broth medium that competitively bind 
to the drug receptor site in the biophase. However, the curve for kapp 
dependency on cryptolepine concentration (Fig. 2) does not yield an 
initial lag phase that is typical of drug binding to broth constituents or 
of drug complexation with metal ions in the broth medium. Therefore, 
the latter assumption holds. 


The viable count determinations (Fig. 1) showed that, during phase 
I action, there was a generation inhibition of S. aureus by low crypto- 
lepine concentrations, 0-20 pglml, as demonstrated by parallelism of the 
curves for both total and viable counts. A t  30 pg of cryptolepine/ml, dy- 
namic bacteriostasis (18) is superimposed on generation inhibition, evi- 
denced by coincident curves for both total and viable counts. During 
phase 11, however, generation inhibition was observed only in cryptolepine 
concentrations of <20 pg/ml. At  20-30 pg of cryptolepine/ml, the viable 
count fell rapidly -55 min after drug addition, which indicates cell death 
and/or lysis. 


The size frequency analysis in Table IV reveals two predominant 
population types with mean cell diameters of 0.769 and 1.549 pm for the 
drug-free culture. The former diameter agrees with the reported (19) 
minimal cell diameter for S. aureus. The latter diameter is double the 
minimal diameter and is the maximum cell diameter attained by a ma- 
jority of the cell population before cell division. About 20% of the cell 
population in the cultures treated with cryptolepine (14 pg/ml) showed 
a cell diameter increase equal to that of the drug-free culture at 5 min. 
This increase occurred during the first 30 min after drug addition, when 
the drug was being equilibrated in the biophase. Thereafter, the cells 
maintained the minimal cell diameter with a concomitant cell number 
decrease. 


These observations support the hypothesis that cryptolepine possesses 
bactericidal action that is superimposed on normal generation inhibition. 
The bactericidal action predominates in the later stages of the drug- 


100 


0 '  I I  I I I I I I I I  
10 20 30 40 50 60 70 80 90 100 


CUBIC MICROMETERS 
Figure 4-Size frequency distribution curves of drug-free and drug- 
affected s. aureus cultures. Curve A is for the drug-free culture 5 min 
before cryptolepine addition (14 pg/ml); curves B and B1 are for drug- 
free and drug-affected cultures, respectively, 30 rnin after drug addition; 
and curves C and C1 are for drug-free and drug-affected cultures, re- 
spectively, 120 rnin after drug addition. 


~ 


120 0.769 25.85 0.769 57.00 
1.555 76.15 


180 1.547 99.00 0.769 52.00 


bacteria reaction. A kinetic model that may define the mechanism of 
cryptolepine action on S. aureus is shown in Scheme I 1  


S 


In this model, D is the cryptolepine concentration in the broth medium, 
which is equilibrated with cryptolepine concentration in the biophase 
D1, which is reversibly bound with enzyme E to form a drug-enzyme 
complex DIE; S is a metabolite in the broth medium that is used as a 
substrate by the enzyme E in the synthesis of protein product P from the 
substratp-enzyme complex, SE. Moreover, D1 reacts with a receptor site, 
R ,  to form an injured site or toxic product, X ,  from a reaction complex, 
D1X. The receptor site may be a vital target site that is a sensitive cell 
membrane component, a protoplasmic or nuclear material, or a transport 
agent essential for organism survival (20-23). 


By assuming that the microbial generation rate is proportional to: ( a )  
the difference between the protein synthesis rate, dPldt, which causes 
a microbial number increase from cell growth and division, and the rate 
of injury or formation of toxic product, dX/dt,  which causes a microbial 
number decrease from kill or lysis of the cells, and ( 6 )  the number of 
viable organisms, N, present, the following apply: 


dN/dt = k(dP/dt - dX/d t )N  = kap& (Eq. 9) 


where k is a proportionality constant and kapp is the apparent generation 
rate constant of the drug-treated culture. Therefore: 


kapp = k(dP/dt - d X / d t )  (Eq. 10) 


kapp = k[I[kpks(S)(E)] / (kp  + k-,)] 
- I [kxkr(D~)(R)] / (kz  + k-r)}]  (m. 11) 


(Es. 12) hap, = k#(l- 0)ET - kl (D1)(R)  
where 0 = (DlE) /ET is the fraction of total enzyme bound to drug, k i  = 
kk,k,/(k, + k-& and k 1  = kxk,/(k,  + k - r ) .  


Expansion of Eq. 12 yields: 


kapp = k p E T  - kiSET0 - k ' ( D i ) ( R )  


In the absence of drug, D 1 =  0, B = 0, and Eq. 13 simplifies to: 


kapp = k$ET = ko (Eq. 14) 
where S and ET are assumed to be available in constant amounts during 
bacteria-drug reaction and ko is the generation rate constant for drug-free 
cultures. Substituting Eq. 14 in Eq. 13 gives: 


kapp = ko - ko0 - k' (DI) (R)  (Eq. 15) 
B is expressed (17,241 as KlKnD/l + KIK~D,  where K1 is the drug par- 


(Es. 13) 
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Figure 5-Dependence of apparent generation rate constant, k,,, for 
S. aureus on broth medium pH. Curve A is for dependence of k,, on pH 
during phase I generation, and curue B is for dependence of bpp on pH 
during phase II generation. The actual values of l/(ko - kapp) are 
multiplied by a factor, n, where n = 0.001. 


tition constant through cell membranes and K2 is the drug affinity con- 
stant for the enzyme E.  Therefore: 


kapp = K O  - ko(KiKzD/l+ K1K2D) - C’(K,D)(R)  (Eq. 16) 


Equation 16 may be simplified to: 


kapp = ko - [kaD/(l + kbD) + k:D] (Eq. 17a) 


where k, = k@Y1K2. kb = KIK2, k d  = k K &  and R is assumed to be 
present in an infinitely large amount relative to drug molecules. 


A t  low cryptolepine concentrations when few receptors are interacted 
with drug, kbD << 1 and Eq. 17a reduces to: 


kspp = ko - (k ,D + k i D )  = k o  -  AD (Eq. 17b) 


where k A  = k ,  + k:. Equation 17b is Eq. 4, where k A  = kd,  and describes 
the functional dependency of kaPp on drug concentration8 of 0-42.5 pg/ml 
for cryptolepine-affected S. aureus in phase I (Fig. 2). 


Equation 17a may be expanded to: 


kapp = ko - I(ka + k i ) D  + kbk;LJ*)/I + kbD (Eq. 18) 
At high drug concentrations in phase I, where the cryptolepine bacteri- 
cidal action is negligible and ( k ,  + k : ) D  >> kbkfD2,  Eq. 18 simplifies 
to: 


kapp ko - (ka k:)D/(l + kbD) = ko - k ~ D / ( 1 +  kbD) 
(Eq. 19) 


Rearrangement of Eq. 19 yields Eq. 5, where kb/kA = kb/ (k ,  + 
k:)  (kb/k,  ) Uko. At the minimal inhibitory concentration in phase I when 
kapp = 0, Eq. 19 simplifies to Eq. 6. 


In phase 11, where cryptolepine bactericidal action predominates over 
its growth inhibitory action, kapp becomes solely dependent on the rate 
of cell death or lysis. Therefore, Eq. 17a approaches the expression kapp 
= ko - k:D, which is Eq. 4, where k i  = k d .  At the minimal inhibitory 
concentration where kapp = 0, Eq. 4 simplifies to Eq. 8. The minimal in- 
hibitory concentration values for phases I and I1 of cryptolepine on s. 
aureus calculated from derived kinetic parameters in Eqs. 6 and 8, re- 
spectively (Table I), agree with the experimental minimal inhibitory 
concentration values (Fig. 2). 


Changes in broth medium pH influenced’the cryptolepine effect on 
S. aureus. The extent of generation inhibition (ko - kapp) increased as 
some function of the broth medium pH (Table 111). 


Iff is the fraction of the total cryptolepine salt concentration ( D T )  that 
is unprotonated, then for a weak basic compound like cryptolepine: 


(Eq. 20) f = Ka/[H+] + Ka 


and, therefore: 


D’ = DTK,/[H+] + Ka (Eq. 21) 


where K ,  is the dissociation constant, [H+] is the hydrogen-ion concen- 
tration, and D1 is the unprotonated drug concentration at a specified pH. 
By assuming that the unprotonated drug concentration contributes to 
cryptolepine activity and then substituting Eq. 21 in Eq. 19 and simpli- 
fying, the kapp dependency on pH in phase I may be expressed as: 


l/(ko - k a p J  = [H+l/kaKaD~ + l/kaDT(I + k b D T )  (Eq. 22) 


Equation 22 is an expression for the linear dependency of the plot of lMko 
- kapp) uersus [H+) in Fig. 5. Likewise, the k,, dependency on pH during 
phase I1 cryptolepine action is described by an expression derived from 
Eqs. 21 and 4: 


l / (ko  - kapp) = [Ht]/kAKaD~ + l/kiDT (Eq. 23) 


where K ,  was calculated from the slope and intercept obtained from the 
linear plot of l/(ko - k,,,) uersus [H+] in phase I1 (Fig. 5). The pKa of 
cryptolepine was 6.34. The linear plots (Fig. 5) obtained from experi- 
mental data in accordance with Eqs. 22 and 23 confirm the assumption 
that the unprotonated cryptolepine molecules contribute to the activity 
because of their possible ready penetration through cell membranes. 
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Abstract  A method is described for the analysis of nitrosamines in 
aqueous solution and in biological fluids (blood, plasma, and rat liver 
microsomal suspensions). The method is based on photochemical deg- 
radation of the nitrosamine in a controlled environment to yield the 
corresponding amine and nitrite ion, and the latter is subsequently used 
to form a chromophoric or fluorescent product. The analysis scheme is 
a modular three-component system consisting of a column to remove 
contaminating nitrite prior to photolysis, a photochemical reactor, and 
a chemical reactor. Additional modules are used to accommodate bio- 
logical samples or large-volume (5-50 ml) aqueous samples. In this study, 
N-nitrosopyrrolidine, N-nitrosodimethylamine, and N,N-diethanolni- 
trosamine were utilized as substrates. Because of intersubstrate vari- 
ability in the photochemical decomposition rate and overall nitrite yield, 
the structure (i.e., photochemical behavior) of the particular nitrosamine 
in the sample must be known prior to analysis. With a colorimetric 
readout, the sensitivity for analysis of N-nitrosopyrrolidine was 800 ng/ml 
for a 5-ml sample and the measurement precision was f 6 %  in the hio- 
logical fluids. Fluorometric analysis improved sensitivity to 4 ng/ml with 
a precision of i10% in biological media. 


Keyphrases Nitrosamines-analysis, chromophoric or fluorescent 
products of photochemical degradation, aqueous suspensions, biological 
fluids, rats, humans Carcinogens-nitrosamines, analysis, chromo- 
phoric or fluorescent products of photochemical degradation, aqueous 
suspensions, biological fluids, rats, humans 0 Colorimetry-analysis, 
nitrosamines, aqueous suspensions, biological fluids 0 Fluorometry- 
analysis, nitrosamines, aqueous suspensions, biological fluids 


Nitrosamines are highly carcinogenic compounds (1). 
They are receiving considerable attention and concern 
because of their ubiquitous occurrence in the environment 
(Z), food (3), cosmetics (4), and other matrixes. To evaluate 
the hazards of nitrosamines, adequate analytical methods 
are needed for their detection and quantitation. Such 
methods must be extremely sensitive, must give un- 
equivocal and reproducible results, and must be applicable 
to a wide range of nitrosamines of varying physicochemical 
properties and in various matrixes. 


Nitrosamines are monitored routinely by mass spec- 
trometry (5) or thermal energy analysis (6,7) after isolation 
by GLC or high-performance liquid chromatography 
(HPLC). In these cases, extensive cleanup has been re- 
quired prior to chromatography. Nitrosamines also have 
been detected by polarography (8) or spectrophotometry 
after chemical derivatization (3, 9). These methods also 
have required extensive cleanup and enrichment and were 
not specific when applied to complex mixtures. 


This report describes a method for nitrosamine analysis 
at  nanograms per milliliter levels in various complex ma- 
trixes including water, human plasma, and liver homoge- 
nates. Analysis is based on the method described by Daiber 
and Preussmann (lo), in which the nitrosamine is photo- 
chemically cleaved to yield an amine and nitrite ion; the 
nitrite is detected spectrophotometrically after diazoti- 
zation of an amine and conversion of the resulting diazo- 
nium salt to an azo dye. 


In this paper, emphasis is on cleanup and enrichment 
of samples containing nitrosamines to achieve selectivity 
and high sensitivity. N-Nitrosopyrrolidine, N,N-dietha- 
nolnitrosamine, and N-nitrosodimethylamine were used 
as model compounds. 


EXPERIMENTAL 


Reagents-N-Nitrosopyrrolidine', 2.6-diaminopyridine', p-chloro- 
aniline', l-decanol*, N-(1-naphthy1)ethylenediamine dihydrochloride2, 
and sulfanilamide2 were used as received. N-Nitrosodimethylamine (1 1) 
and diethanolnitrosamine (1, 12) were synthesized by condensation of 
dimethylamine and diethanolamine with nitrous acid. 


Column Preparation-XAD-2 beads? (20-50 mesh) were purified 
hy 30-min successive washes with 5.25% sodium hypochlorite, double- 
distilled water (distilled from alkaline permanganate), 3 M HCl, water, 
and acetone. Fractured beads were removed from the acetone solution 
by decantation, and the remaining beads were isolated by filtration. 
Forty-five milliliters of the purified beads was slurried with acetone 
containing 3 ml of 1-decanol as described previously (13). The acetone 
was removed under reduced pressure on a rotary evaporator, and the 
beads (coated with decanol) were packed into a column made from a 
disposable pipet (14.6 cm X 7.6 mm 0.d.). 


Sample Purification-A sample of human plasma or rat liver ho- 
mogenate (14) containing nitrosamine was subjected to ~l t raf i l t ra t ion~ 
a t  lOOOXg for 30 min to deproteinize the mixture. The resulting ultra- 
filtrate was either passed directly through a column packed with anion- 
exchange resin (0.5 g AgI, 200-400 mesh, HO-) or the pH of the ultra- 
filtrate was adjusted to 1.7 with 6 N H2S0.4 and the mixture was passed 
through an XAD-Udecyl alcohol column (13). 


The eluent was adjusted to pH 5-7, if necessary, and added to quartz 
vessels. These vessels were placed 16 cm from a 15-w, 46-cm germicidal 
lamp5 (maximum output a t  250 nm), and the mixtures were irradiated 
for 15 min. The freed nitrite could be detected colorimetrically or fluo- 
rometrically. Alternatively, the nitrite in the irradiated samples could 
first be concentrated on an XAD-e/decyl alcohol column (131, and the 
resulting decyl nitrite could be monitored colorimetrically or fluorome- 
trically after its elution from the column with 1.2 ml of acetone. 


Nitri te Detection-Colorimetry (25)-Sulfanilamide (0.15-0.50 ml 
of a 5% solution) was added to the acetone eluate (containing the decyl 
nitrite) or directly to the photolysis mixture (after acidification to pH 
1.7) containing the liberated nitrous acid. The solution was mixed thor- 
oughly and allowed to stand for 1 min. An equal volume of N-(l-naph- 
thy1)ethylenediamine (0.25% solution) was added, and the absorbance 
of the final solution was measured6 a t  545 nm (a, 4 X after 2 min 
was allowed for complete color development. 


Fluorometry-Nitrite or decyl nitrite was monitored using a modifi- 
cation of the Dombrowski and Prat t  procedure (161, in which either the 
photolysis mixture containing nitrous acid (after pH adjustment to 1.7) 
or the decyl nitrite (eluted from the XAD-2/decyl alcohol column with 
acetone) was used to diazotize p-chloroaniline (0.3 ml of a 0.06% solution 
in 0.1 M HCl). Samples in which the diazonium salt was formed from 
decyl nitrite were extracted with benzene (6 ml) to remove decyl al- 
cohol. 


All samples were reacted with ammonium sulfamate (0.3 ml of a 4% 


Aldrich Chemical Co., Milwaukee, Wis. * Eastman Chemical Co., Rochester, N.Y. 
Rohm & Haas Co., Philadelphia, Pa. 
CF-50A conical filters, Amicon Corp. 
General Electric Corp. 
Cary model 118 spectrophotometer, Varian Associates, Palo Alto, Calif. 
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Table I-Kinetics for Photochemical Nitrosamine Decomposition and  Yield of Nitr i te  Formed 8 


Rate Constant Yield of Nitrite' 
Compound Fluid f SD*, min-' f SDh, '?'a 


N -  Nitrosopyrrolidine 


N-Nitrosodimethylamine 


Distilled water 


0.1 M NaOH 
Buffer pH 3d 
Buffer pH 5d 
Buffer pH 7@ 
Buffer pH gP 
Plasma/ 
Liver microsomesg 
Distilled water 
Buffer DH 7e 


0.1 M H2SO.j 
0.291 f 0.029 
0.513 f 0.149 
0.275 f 0.007 
0.443 f 0.081 
0.360 f 0.014 
0.274 f 0.073 
0.266 0.084 


0.18 f 0.084 
0.24 f 0.056 


0.154 f 0.017 
0.382 f 0.014 


45.3 f 5.57 
9.7 i 2.20 


51.1 f 5.23 
32.7 f 3.93 
34.8 f 3.87 
40.8 f 2.86 
34.3 f 0.85 
33.3 f 8.7 
28.5 f 3.1 
59.8 f 0.83 
56.3 f 3.12 


Plasmif 0.140 f 0.014 31.9 f 2.53 
30.3 f 2.63 Liver microsomesg 0.067 f 0.008 


N,N-Diethanolnitrosamine Distilled water 0.411 f 0.033 41.6 f 1.40 
41.9 f 6.22 Buffer pH 7e 0.529 f 0.017 


Plasma/ 0.140 f 0.014 35.4 f 0.30 
Liver microsomesg 0.134 f 0.040 31.2 f 0.30 


0 Reaction carried out as described under Experimental. * Values represent the mean f SD for three determinations. Yield was determined spectrophotometrically 
Acetate buffer (0.5 at 545 nm and arose from the azo compound produced by successive reaction of nitrite with sulfanilamide and N-(I-naphthy1)ethylenediamine. 


M). Britton-Robinson buffer. 1 Obtained from the Kansas City Blood Bank and used as received. 8 Prepared from rat liver as previously described (14). 


solution) followed by 2,6-diaminopyridine (0.05% solution prepared in 
1 M acetate buffer, pH 5). The reaction was continued for 15 min, and 
the resulting a m  dye was extracted with benzene (6 ml) and washed with 
water (6 ml). The benzene layer was evaporated to dryness under a ni- 
trogen stream. The yellow residue was redissolved in water (2 ml), am- 
moniacal cupric sulfate (0.4 ml of a 0.725 M aqueous solution) was added, 
and the solution was heated in boiling water for 30 min. The mixture was 
acidified with 0.4 ml of 6 M HCI to yield a triazole, which was monitored 
fluorometrically' at  420 nm (Xercitation = 360 nm). 


RESULTS AND DISCUSSION 


packed with either anion-exchange resin or XAD-2 beads coated with 
decyl alcohol to remove any nitrite contaminants, ( b )  a photochemical 
reactor to convert nitrosamines to the corresponding amine and nitrite 
ion, and ( c )  a chemical reactor to transform the liberated nitrite into a 
readily monitored product. In this system, the nitrite was used to dia- 
zotize a primary aromatic amine and the diazonium salt was coupled with 
a reactive arene to yield a product that could be measured colorimetrically 
or fluorometrically, depending on the amine-coupling agent pair 
chosen. 


If nitrosamines are to be analyzed in biological fluid (human plasma 
rat liver microsomal suspensions), an ultrafiltration module must be 
introduced into the modular system (Scheme I). Biological samples were 


Analysis of nitrosamines in water and biological fluids (human plasma 
and rat liver microsomal suspensions) will be described as a modular 
system (Scheme I) requiring at least three components: ( 0 )  a column 


initially deproteinized by centrifugal ultrafiltration and then processed 
through Modules 1-3. For nitrosamine analysis in large-volume (>5 ml) 
aqueous samples, a second column packed with XAD-2 beads coated with 
decvl alcohol was introduced after the Dhotolvsis steo to concentrate the 


Module for  
Bio log ica l  Fluid 


Column f o r  
Removal o f  


Contaminating r-l N i t r i t e  
I I 


I Photochemical 
Reactor I 


Concentrating 
Module 


Chemical Reactor 1 and 
Read-out 


libeiated nitrite by extractive alkylatioi (13) &or to diazotization. Where 
sample size was restricted (<5 ml), sample concentration and cleanup 
were carried out primarily after diazotization. 


Sample Purification-Samples of biological fluid containing N -  
nitrosopyrrolidine, N-nitrosodimethylamine, or N,N-diethanolnitro- 
samine (1-2000 ng/ml) were deproteinized by centrifugal ultrafiltration 
through membranes that excluded material of molecular weight 250,000. 
This procedure removed 298% of the protein, i .e.,  material responsive 
to the biuret or 1,owry assays (17). When aqueous buffer samples con- 
taining these nitrosamines (10-10,000 ng/ml) were carried through 
analysis before and after ultrafiltration, no statistical difference in ni- 
trosamine levels was observed, indicating that the nitrosamine was not 
retained by the filter. Deproteinized samples were carried through the 
analysis scheme as described for aqueous samples. 


Because the final analysis of nitrosamines in all matrixes was based 
on measuring liberated nitrite, it was necessary to ensure that any re- 
sidual, contaminating nitrite was removed prior to photolysis. This 
elimination could be accomplished by passing the ultrafiltrate or aqueous 


MODULE 2 ( w s  modules) sample through a column packed with an anion-exchange resin or through 
a column containing XAD-2 heads coated with decyl alcohol. Failure to 
deproteinize biological samples prior to applying samples to these col- 
umns resulted in erratic and incomplete (<35%) nitrite removal. 


The anion-exchange resin quantitatively removed added nitrite from 
the solution (as well as other anions such as nitrate); however, some ni- 
trosamine was also retained by the resin (Fig. l ). Total nitrite retention 
by the column was observed, even a t  the 5-pg/ml concentration when 
nitrite was present in a 500-fold M excess with respect to nitrosarnine. 
The amount of nitrosamine held by the resin was a function of the 
amounts of nitrosamine and resin present. The  amount of resin was op- 
timized so that nitrite was quantitatively removed, but the loss of ni- 
trosamine was minimized. With the assumption of nitrosamine concen- 
trations of 1-1000 ng/ml and nitrite levels of 5 fig/ml, 0.5 g (wet weight) 
of anion exchanger gave optimum response: quantitative removal of ni- 
trite and 25 f 4% loss of nitrosamine. 


MODULE l 


Scheme I-Modular ni- 
trosamine analysis system 


MODULE 3 


When nitrite decontamination was carried out by passing the sample 
through a column packed with XAD-2 beads coated with decyl alcohol, 
the nitrite removed from the solution was inversely proportional to the Model MPF-2A spectrofluorometer, Perkin-Elmer Corp.. Norwich, Conn. 
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Table 11-Colorimetric Assay fo r  N-Nitrosopyrrolidine 


Fluid 


Standard Curve 
Regression Sensitivity, Precisionc, 


Slope Intercept Coefficient ng/ml % 


Water 
Plasmad 


0.057 
0.065 


Water (10-ml sample) 0.049 
Water (100-ml sample)e 0.017 


Method I 
0 . 0 4 7  0.998 
0.023 0.997 


Method I1 
0 . 0 6 5  0.997 
0.124 0.993 


800 
800 


200 
15 


5.7 
9.8 


6.6 
4.3 


As described under Experimental. Standard curve was prepared from five 5-ml samples of N-nitroso yrrolidine dissolved in the indicated fluid in the concentration 
range of 0.75-20 pglml and carried through the described assay. Each sample was assayed in tri licate. ealues represent the precision at the minimum sensitivity and 
represent the average for four determinations. Obtained from the Kansas City Blood Bank anfused as received. Standard curve was prepared from five 5-ml samples 
of N-nitrosopyrrolidine dissolved in the indicated fluid in the concentration range of 1-50 ng/ml and carried through the described assay. Each sample was assayed in 
triplicate. 


Table 111-Fluorometric Assay 8 fo r  N-Nitrosopyrrolidine (Method I) 


Standard Curveb 
Regression Sensitivity, Precisionc, 


Fluid Slope Intercept Coefficient ng/ml % 


Water 4.26 7.4 0.99 4 9.9 
Plasmad 0.21 25.0 0.99 40 9.6 
Liver microsomes' 0.20 8.0 1 .oo 80 12.0 


~~~~ ~ ~ 


(I As described under Experimental. Standard curve was prepared from five 5-ml samg!es of N-nitrosopyrrolidine dissolved in the indicated fluid in the concentration 
Values represent the precision at the minimum sensitivity and range of 1-250 ng/.ml and carried throu h the described assay. Each sample was assaye in triplicate. 


are the average of four determinations. % Obtained from the Kansas City Blood Bank and used as received. Prepared from rat liver as previously described (14). 


flow rate through the column, as previously discussed (13). A t  a flow rate 
of 44 mlhr ,  solutions containing N-nitrosopyrrolidine (1-20 pg/ml) were 
cleared of 70 f 2% of added nitrite (4.6 pg/ml) (Fig. l ) ,  with no detectable 
loss of nitrosamine from solution. Thus, the anion exchanger is a more 
efficient medium for removing contaminating nitrite but suffers from 
the disadvantage of retaining some nitrosamine. The XAD-2 column does 
not retain any nitrosamine but, unfortunately, incompletely removes 
nitrite contaminants. 


Varying combinations of ion-exchange resin and XAD-2 beads coated 
with decyl alcohol did not improve nitrosamine recovery and concomitant 
nitrite removal. The major difficulty was the dependency of on-column 
nitrosation on an acidic (pH 13) environment and ion-exchange removal 
of nitrite optimally requiring a medium of pH 2 5. 


In all cases, ion-exchange and XAD-2 columns were not reused, so 
problems with residuals were not encountered. 


Nitri te Liberation from Nitrosamine-Initial studies were carried 
out to determine the feasibility of cleaving nitrosamines to  amines and 
nitrous acid with acid (18). However, when N-nitrosopyrrolidine and 
N-nitrosodimethylamine were heated in a sealed vial with acid (hydro- 
chloric, hydrobromic, or sulfuric), inconsistent (f20%) and low (140%) 
yields of nitrous acid were obtained (monitored colorimetrically). In 
separate experiments under acid hydrolysis conditions, nitrite was con- 
sumed as a function of time, perhaps through oxidation by a contaminant 
in the acid. 


A more satisfactory method for liberating nitrite from nitrosamines 
involved photolysis (10). The formation rate and yield of nitrite were 
functions of the particular substrate being analyzed, light intensity, 
wavelength, pH, and photolyzed sample matrix. As shown in Table I, the 
nitrite formation rate was faster a t  low pH than at neutral or high pH; 
however, the nitrite recovery was poorer from acidic solutions and im- 
proved a t  higher pH values. Conditions were chosen that produced the 
maximum nitrite yield, i.e., pH 6-7. The nitrite liberation rate was suf- 
ficiently rapid over the pH 1-13 range to suggest that the reaction speed 
could be sacrificed in favor of maximum conversion to nitrite. 


The nitrite yield from photolysis of aqueous nitrosamine solutions 
varied among the three model compounds studied; however, the repro- 
ducibility of the nitrite yield from sample to sample for a given nitrosa- 
mine was high (f3%). This variability in nitrite yield, however, precluded 
nitrosamine analysis of samples containing more than one nitrosamine 
or nitrosamines whose response to photolysis was unknown. The nitrite 
yield from biological fluid samples (blood plasma or liver microsomal 
homogenates) containing nitrosamine did not show as much variability 
among the three model substrates as did the water samples. An average 
of 31.9 f 2.6% nitrite was obtained from photolysis of plasma and liver 
microsomal suspensions containing dimethyl-, diethanol-, or pyrroli- 
dinenitrosamine. The nitrite yield from nitrosamines present in ultra- 
filtrates from biological samples was -5040% of that obtained in buffers 


of similar pH to the ultrafiltrate. The nitrite production was also some- 
what slower in ultrafiltrate than in buffer. This finding may have been 
due to extraneous material in the u'krafiltrate lowering the photon flux 
available for reaction with the nitrosamine. The lamp output and the 
distance between the lamp and sample cell were chosen to give maximum 
nitrite recovery. A lamp with maximum intensity at 250 nm placed 16 
cm from the quartz reaction vessel gave the optimum rate and nitrite 
yield. 


3.0 


2.0 


UI 
0 z a rn a a '  
m a 


1.0 


0.8 ' 


0.6 


0.4 


/ 
/ 


0.2 0 
1 1 1 1 1 1 1 l 1 1 1  
2 4 6 8 1 0  20 


NITROSAMINE CONCENTRATION, pg/ml 


Figure 1-Loss of nitrosamine to the anion-exchange column during 
removal of background nitrite prior to photolysis. Loss was determined 
as a function of total amount of exchange resin. Key: 0, no resin; 0 , O . Z  
g of wet weight; X, 0.5 g of wet weight; A,  I g of wet weight; and .,2g of 
wet weight. 
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NH, 
I 


N,+ CI- 
I 9 + HONO -+ - 


SO,NH, QO,NH, 


Schemc I1 


Detection of Liberated Nitrite-Method I-When the available 
sample size was limited ( 5 5  ml, eg . ,  biological samples), liberated nitrite 
was reacted immediately with an aromatic amine under acid conditions 
to produce a diazonium salt, which was then coupled with an arene to 
yield either a chromophoric or a fluorescent product (Scheme 11). The 
colorimetric assay was based on diazotization of sulfanilamide and cou- 
pling with N - ( 1  -naphthyl)ethylenediamine. The reaction proceeded 
rapidly and could be carried out with minimum sample manipulation. 
The sensitivity attained using this method was -800 ng of nitrosamine/ml 
of solution (Table 11). 


Sensitivity could be improved greatly by fluorometric monitoring of 
liberated nitrite (Scheme 111). In this case, the nitrite was reacted with 
p-chloroaniline and the resulting diazonium salt was coupled with 2,6- 
diaminopyridine. This resulting azo compound was extracted into ben- 
zene, the benzene was removed by evaporation, and the residue was re- 
dissolved in water. The am dye was oxidized to a fluorescent thiazole with 
ammoniacal cupric sulfate. Conversion to this fluorescent species per- 
mitted detection of nitrosamines a t  levels of 4 ng/ml in aqueous solution, 
40 ng/ml in plasma, and 80 ng/ml in liver microsomes. In biological fluid, 
a precision of f10% was readily attainable. The limitation preventing 
nitrosamine detection at  lower levels by the fluorescence method was the 
appreciable background fluorescence (note the large intercept observed 
in standard curves constructed for fluorescence analysis of nitrosamine 
samples of varying concentration; Table 111). 


For both fluorescence and colorimetric analysis, quantitation was based 
on comparing detector response with a standard curve constructed for 
each nitrosamine in the matrix. The curve was prepared by carrying 
samples containing known amounts of the nitrosamine through the entire 
assay. The disadvantages of the fluorescence procedure were: ( a )  the 
extensive sample preparation required for fluorescence analysis and (b) 
the hackground fluorescence inherent in the method a t  low nanogram 
per milliliter concentrations. 


Method I/--For samples where sample volume was not limited (e.g., 
water samples, pharmaceutical preparations, and food), nitrite, liberated 
hy phohlysis of nitrosamines, was first concentrated on a column packed 
with XAD-2 beads coated with decyl alcohol before being processed 
through the chemical reactor module (Scheme I). I t  was demonstrated 


Schpme 111 


previously (13) that  when an aqueous solution of nitrous acid is passed 
through such columns, the nitrous acid is extracted into the decyl alcohol 
phase as decyl nitrite, formed on-column. An optimum flow rate of 44 
m l h r  was reached a t  which 70 f 2% of the nitrite present in a photolyzed 
sample (5-50-ml volumes) was retained on the column. With sample 
volumes 2 7 5  ml, however, the percent of nitrite retained by the column 
decreased in a nonlinear fashion, as discussed previously (13). Therefore, 
sample size was maintained below 100 mi. 


The nitrite concentrated on-column in the form of decyl nitrite was 
eluted from the resin with 1.2 ml of acetone passed through the bed. The 
decyl nitrite present in the acetone eluate was then used to diazotize a 
primary aryl amine, as described for nitrous acid. Thus, a 50-ml aqueous 
sample can be concentrated to <2 ml, providing a 15-fold increase in 
sensitivity over that  obtained when the XAD-2 decyl alcohol column 
module is not used. Some nitrite loss did take place with this column since 
only 70%of the nitrite passed through it was retained on-column as decyl 
nitrite, thus accounting for the observation that a decrease in sample 
volume by a factor of 25 only increased sensitivity by a factor of 15 (Tables 
I 1  and 111). 


In conclusion, an analytical method has been described for the analysis 
of  nitrosamines in aqueous solutions and biological fluids. No highly 
sophisticated instrumentation is required, and the methodology is 
adaptable to automation. The procedure is described as a modular system 
requiring a minimum of three components, but it can accommodate bi- 
ological samples or large-volume aqueous samples by the introduction 
of additional modules. Sensitivity is adequate for many quality control 
applications. 
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acetone to yield light-tan crystals (homogeneous on TLC, ethyl acetate, 
R, 0.40). mp 244-245" dec.; 1R (KBr): 3420,3340, broad absorption from 
3200 to 2600,1675,1635,1600,1570,1545,1470, 14B5,1380,1370,1355, 
1270, 1240, 1155,955,805, and 630 cm-I; NMR (dimethyl sulfoxide-d6): 
6 1.19 (t, 6H, -CHa of diethylamino), 2.08 (s,  6H, -CH3 a t  C4 and Cs), 3.14 
(q, 4H, methylenes of diethylamino), 4.05 (broad s, 2H, COCHd, 6.55 
(broad s, 2H, CONHZ), 9.90-10.50 (broad s, lH ,  N+H), 10.70 (broad s, 
NH of amide at  Cp or N,H), and 10.95 (broad s, lH,  NIH or NH of amide 
a t  Co) ppm. (See Table 111 for analyses.) 
Pharmacology-Antiarrhythmic Actiuity-With the method of 


Lawson (5), fibrillations were induced in 20-30-g male mice by exposure 
to chloroform vapor until respiration ceased. The heart was exposed, and 
the cardiac rate was determined with a binocular microscope. Mice with 
cardiac rates >200 beats/min were considered unprotected (Table 
IV). 


Local Anesthetic Actiuity-The guinea pig wheal method of Bulbring 
and Wajda (6) was used to determine the activity. The back of the guinea 
pig was shaved 1 day prior to the test, and 0.25 ml of the aqueous drug 
solution was administered intradermally a t  two sites along the midline. 
The resulting wheals were tested by pricking the area six times with a pin 
a t  5-min intervals for 1 hr. Local anesthesia was present if the pinprick 


did not elicit a skin twitch. The number of pinpricks that failed to elicit 
a response was then recorded a t  each time interval (Table V). 
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Abstract The purpose of this investigation was to determine the effect 
of phenobarbital on the systemic availability of orally administered di- 
cumarol in rats. Adult male Sprague-Dawley rats, matched for dicumarol 
free fraction in serum, received either phenobarhital sodium, 75 mg/kg, 
or saline solution, orally or intravenously, daily for 7 days. On Day 6, they 
also received 14C .dicumarol, 2 mg/kg iv, and unlabeled dicumarol, 50 
mg/kg PO, in aqueous suspension. Venous blood samples were obtained 
serially over 32 hr through an indwelling cannula. Systemic dicumarol 
availability was determined from the dose-normalized ratio of areas under 
the plasma concentration-time curves. Phenobarbital treatment almost 
doubled the total clearance of dicumarol and the intrinsic clearance of 
free dicumarol, with no significant difference between the inductive ef- 
fects of oral and intravenous doses of phenobarbital. Systemic dicumarol 
availability in control rats (mean f SD) was 84 f 8% ( n  = 10) and 84 f 
10% ( n  = 6) in the oral and intravenous phenoharhital studies, respec- 
tively. The systemic dicumarol availability in phenobarbital-treated rats 
was appreciably lower: 48 f 7% ( n  = 10) and 61 f 12% ( n  = 6) for orally 
and intravenously treated animals, respectively. The effect of oral phe- 


The bioavailability of orally administered dicumarol 
in humans is reduced by pretreatment of the subjects with 
an orally administered barbiturate (1). Similar effects have 
been observed with respect to two other poorly water- 
soluble drugs, griseofulvin and diethylstilbestrol. The 
bioavailability of orally administered griseofulvin in hu- 
mans is reduced by pretreatment with orally administered 
phenobarbital (2). Such a reduction in griseofulvin bio- 
availability has also been observed in rats (3). Pretreat- 
ment with phenobarbital has been reported to decrease 
diethylstilbestrol absorption from the rat intestine (4). 


Little is known about the mechanism of the barbiturate 
effect on drug absorption. A study was designed to deter- 
mine the effect of orally and intravenously administered 


~ 


nobarbital on systemic dicumarol availability was more pronounced than 
that of intravenous phenobarbital ( p  < 0.025). The apparent first-order 
ahsorption rate constants for the fraction of the dose available systemi- 
cally were similar for control and treated animals. There was a positive 
correlation between systemic dicumarol availability and total dicumarol 
clearance in control animals ( p  < 0.001). Proper matching of control and 
treated animals is, therefore, important for this type of study. The rat 
appears to be a good model for investigating the mechanism of the in- 
hibitory effect of phenobarbital on dicumarol absorption observed pre- 
viously in humans. 


Keyphrases Phenobarbital-effect on systemic availability of oral 
dicumarol, comparison of oral and intravenous doses 0 Rioavailabil- 
ity-dicumarol in rats, effect of oral and intravenous phenobarbital 0 
Dicumarol-bioavailability, effect of oral and intravenous phenobarbital 


Anticoagulants-dicumarol, effect of oral and intravenous pheno- 
barbital on systemic availability 


phenobarbital on GI absorption of dicumarol in rats. The 
results of this investigation have bearing not only on the 
specific interaction under study but also on the design of 
studies to determine the bioavailability of drugs that are 
subject to enzyme induction and that exhibit pronounced 
interindividual differences in pharmacokinetic charac- 
teristics. 


EXPERIMENTAL 


The studies were carried out on adult male Sprague-Dawley rats 
weighing 250-375 g. Groups of animals were screened for plasma free 
fraction values of dicumarol, using serum obtained from -5 ml of blood 
withdrawn from the tail artery under light ether anesthesia. The free 
fraction determinations were performed in duplicate by dialyzing, to 
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Table I-Pharmacokinetic Constants fo r  Dicumarol in Adult Male Sprague-Dawley Rats  Used to  Determine the Effect of Oral  
Pbenobarbital  on Dicumarol Absorption 


Control Phenobarbital- Control-Phenobarbital Statistical Significance 
Pharmacokinetic Constant" Animals Treated Animals Ratio of Difference (p)' 


Total clearance, ml/hr/kg 18.6 f 4.gb 31.4 f 13.2 0.655 f 0.242 <0.025 


0, hr-' 0.123 f 0.026 0.214 f 0.054 0.593 f 0.119 <0.001 
Intrinsic clearance of free drug, ml/hr/kg X 12.4 f 7.3 21.9 f 12.8 0.596 f 0.226 <0.005 


Apparent volume of distribution, ml/kg 150 f 20 153 f 71 1.16 f 0.47 N.S. 


Serum free fraction x lo4 2.09 f 1.27d 1.89 f 1.17d 1.12 f 0.14 - e 


0 Based on '4C-dicumarol injected intravenously. f~ All data are mean f SD, n = 10. Paired two-tailed t-test. d Determined before phenobarbital and dicumarol ad- 
ministration. Not analyzed statiatically because animals were matched with respect to serum free fraction. 


Table 11-Pharmacokinetic Constants for  Dicumarol in Adult Male Sprague-Dawley Rats  Used to Determine the  Effect of 
Intravenous Phenobarbital  on Dicumarol Absorption 


Control Phenobarbital- Control-Phenobarbital Statistical Significance 
Pharmacokinetic Constant" Animals Treated Animals Ratio of Difference (p)' 


Total clearance, ml/hr/kg 19.5 f 6.5b 38.6 f 11.1 0.513 f 0.138 <0.005 
Apparent volume of distribution, ml/kg 189 f 42 190 f 57 1.03 f 0.18 N.S. 
0, hr-l 0.102 f 0.016 0.206 f 0.031 0.512 f 0.168 <0.005 
Intrinsic clearance of free drug, ml/hr/kg X 13.1 f 9.3 24.4 f 16.4 0.518 f 0.128 <0.025 
Serum free fraction X lo4 


ministration. p Not analyzed statistically because animals were matched with respect to serum free fraction. 


2.00 f 0.96d 2.02 f 0.92d 0.993 f 0.107 - e 


Based on 1%-dicumarol injected intravenously. * All data are mean f SD. n = 6. Paired two-tailed t-test. Determined before phenobarbital and dicumarol ad- 


equilibrium (20-24 hr), I-ml samples of serum with 30 pg of added 
14CC-dicumaro11 against an equal volume of isotonic Sorensen phosphate 
buffer, pH 7.4, at 37" (5). The serum and buffer phases were assayed after 
selective extraction (6). 


Each group of 20 rats yielded, on the average, four pairs of animals, with 
the members of any one pair having similar serum free fraction values. 
One member of each pair was assigned to the control group, and the other 
was assigned to the treatment group. Treatment with either normal saline 
solution or phenobarbital was started 1-2 weeks after screening. Phe- 
nobarbital sodium, 75 mg/kg, or saline solution was administered intra- 
venously or orally daily for 7 days. The volumes of the intravenous and 
oral solutions were 0.75 and 1.8 ml/kg, respectively. Rats that  received 
intravenous treatments had the solutions injected through a right femoral 
vein catheter exteriorized a t  the back of the neck, which was implanted 
1 day before the treatment period. On the 5th day of the treatment period, 
the right external jugular vein was cannulated (7) to facilitate blood 
withdrawal, and the rats were placed in individual metabolism cages in 
a room maintained a t  21O. Food, but not water, was withdrawn for 24 hr, 
starting that evening a t  about 9 pm. 


On the 6th day a t  about 9 am, the animals received an intravenous 
injection of *4C-dicumarol (2 mg/kg in Sorensen buffer solution con- 
taining 1.3 mg/ml) and an oral dose of dicumaroP, 50 mg/kg in aqueous 
suspension, by gastric tube. On the day of dicumarol administration, the 
daily phenobarbital dose was given immediately after the anticoagu- 
lant. 


Dicumarol suspensions were prepared with 0.25% aqueous methyl- 
cellulose3 solution. The solution was made by sprinkling the suspending 
agent on the water, refrigerating, and gently stirring the cold solution with 
a glass rod. Dicumarol was incorporated on the day of dosing by making 
a paste with a small volume of the solution and then adding the remaining 
solution. This was done with a spatula in a beaker, and care was taken 
not to grind the dicumarol particles. Pairs of control and phenobarbi- 
tal-treated animals always received the same lot of dicumarol suspen- 
sion. 


Blood samples (0.5 ml) were obtained from the intravenous cannula 
a t  about 0.5,2,4,6,8,10,14,16,18,24,28, and 36 hr and were transferred 
to heparinized micro-blood collecting tubes. These tubes were centri- 
fuged, and duplicate 0.1-mI plasma samples were collected and quick 
frozen pending assay. 


Plasma was assayed simultaneously for radiolabeled and nonlabeled 
dicumarol(6,8). Duplicate 0.1-ml plasma portions were adjusted to pH 
3.1 and extracted into heptane. One portion of the extract was added to 
scintillation fluid and counted. The other portion was extracted into 
sodium hydroxide solution, which was assayed spectrophotometrically. 


1 1%-Dicumarol. 71.4 pCi/mg, labeled in the methylene position, radiochemical 


Lot 4210, particle dlameter 0.002-0.01 mm. Nutrltional Biochemical Corp., 


3 Methylcellulose 60 HG, Premium, 4000 cps, Dow Chemical Corp., Midland, 


purity > 98% New, England Nuclear Corp.. Boston, Mass. 
Cleveland, Ohio. 


Mich. 


The concentration of unlabeled dicumarol was determined by subtracting 
the concentration of radiolabeled drug, determined by scintillation 
spectrometry, from the concentration determined by spectrophotom- 
etry. 


Pharmacokinetic constants were obtained in the usual manner (5.9, 
10) from the 14C-dicumarol (intravenous) concentrations in plasma. In- 
trinsic clearance of free drug was calculated by dividing total clearance 
by the serum free fraction of dicumarol. The area under the nonlabeled 
(orally administered) dicumarol plasma concentration-time curve (AUC) 
was obtained by the trapezoidal method (11). The area beyond the last 
concentration point was obtained by two methods: ( a )  extrapolating the 
apparently exponential concentration decay phase to zero concentration 
(Method I), and ( b )  dividing the last concentration by t h e p  value ob- 
tained concomitantly in the same animal from the plasma 14C-dicumarol 
concentrations (Method 11). Systemic availability was calculated by di- 
viding AUC,,., by AUCi, after multiplying the latter by the oralhntra- 
venous dose ratio. The cumulative fraction of the oral dose absorbed as 
a function of time was determined by a literature method (12) modified 
such that the denominator was PeAUCi, (oral dose/intravenous dose). 


RESULTS 


Initial screening of a large group of rats yielded 17 pairs with similar 
dicumarol serum free fraction values in any given pair. Eleven pairs were 
assigned to the experiment with orally administered phenobarbital, and 
the other six pairs were assigned to the experiment with intravenous 
phenobarbital. One member of the 11-pair group was lost during the 
study, so the reported results for the experiment with orally administered 
phenobarbital are based on 10 pairs of animals. 


The serum free fraction values for the group of 10 pairs ranged from 
7.24 X 10-5 to 4.40 X and the correlation coefficient between free 
fraction values for members of each pair was 0.99 (p < 0.001). The range 
of serum free fraction values in the group of six pairs was 8.08 X 10-5-3.39 
X with a correlation coefficient of 0.96 ( p  < 0.001). In view of the 
excellent match of serum free fraction values in any one pair and the 
consequent similarity of dicumarol total clearance within each pair [total 
clearance of dicumarol is proportional to the drug's free fraction in serum 
(13)], statistical analyses of observed differences in pharmacokinetic 
parameters due to  phenobarbital treatment were performed by paired 
t-test. 


Figures 1 and 2 show typical results obtained when 14C-dicumarol was 
injected intravenously and unlabeled dicumarol in an aqueous suspension 
was administered orally to control and phenobarbital-treated rats. 
Prolonged absorption was often evident in both control and treated an- 
imals during the entire experimental period (i.e.,  for more than 30 hr), 
as reflected by the difference in the log concentration uersus time slopes 
of 14C-dicumarol and unlabeled drug in plasma. 


Pharmacokinetic constants for dicumarol disposition were determined 
from plasma concentrations of 1%-dicumarol following intravenous in- 
jection of that  drug (Tables I and 11). Phenobarbital caused approxi- 
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Table 111-Effect of Oral  Phenobarbital  on Systemic Availability of Ora l  Dicumarol in Adult Male Sprague-Dawley Rats  
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70.1 z 
7 8 


Systemic Availability, % of dose 
Control Animals Phenobarbital-Treated Animals 


Method I "  Method I I b  1-11 Ratio Method I Method I1 1-11 Ratio 


- 


-TO 


- -  - -  - 
- E  
- m  a 
- 2  


2 
a 


. 
!- 


-1.0 II: I ! -  
- 2  
- w  


0 
- 2  
- 8  


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
Mean 
SD 


w ,  
0 


1.0: 
0 :  
0 -  


0.1- 


0.78 
0.78 
0.79 
0.81 
0.91 
0.79 
0.90 
0.75 
0.91 
0.97 
0.84 
0.08 


0.78 
0.78 
0.78 
0.81 
0.89 
0.78 
0.87 
0.75 
0.91 
0.97 
0.83 
0.07 


1 .oo 
1.00 
1.01 
1 .oo 
1.02 
1.01 
1.03 
1 .00 
1 .oo 
1 .oo 
1.01 


0.41 
0.50 
0.60 
0.48 
0.57 
0.41 
0.45 
0.54 
0.39 
0.51 
0.48' 
0.07 


0.39 1.05 
0.50 1 .oo 
0.59 1.02 
0.42 1.14 
0.49 1.06 
0.41 1 .oo 
0.45 1 .oo 
0.48 1.12 
0.38 1.03 
0.49 1.04 
0.46' 1.05 
0.06 


~~ ~~ 


(I Method I = area under plasma concentration-time curve of orally administered drug (AUCu,ai) determined by extrapolation of apparently exponential concentration 
Method 11 = A[IC,,.i determined hy assuming that Concentrations after the last data point decline at the same 


Significantly different from the appropriate control value ( p  < 
decay phase from last data point to zero concentration. 
relative rate as the postdistrihution concentrations of '4C-dicumarol administered intravenously. 
0.05). 


Table IV-Effect of Intravenously Administered Phenobarbital  on Systemic Availability of Oral  Dicumarol in Adult Male Sprague- 
Dawlev Rats  


Systemic Availability, 90 of dose 
Control Animals Phenobarbital-Treated Animals 


Rat Pair Method I" Method I l h  1-11 Ratio Method I Method I 1  I-I1 Ratio 


1 
2 
3 
4 
5 
6 
Mean 
SD 


0.74 
0.71 
0.83 
0.92 
0.87 
0.97 
0.84 
0.10 


0.74 
0.71 
0.83 
0.89 
0.82 
0.94 
0.82 
0.09 


1 .oo 
1 .oo 
1 .oo 
1.03 
1.06 
1.03 
1.02 


0.49 
0.52 
0.56 
0.80 
0.68 
0.59 
0.61 
0.12 


0.48 
0.52 
0.53 
0.79 
0.59 
0.59 
0.58c 
0.11 


1.02 
1 .oo 
1.06 
1.01 
1.15 
1 .oo 
1.04 


~~~~~ ~ ~~~ 


a.b See Table 111. Significantly different from the appropriate control value by paired two-tailed f -test ( p  < 0.005). 


mately twofold increases in total clearance, /3, and in intrinsic clearance 
but had no significant effect on the apparent distribution volume. There 
was no statistically significant difference between the total and intrinsic 
clearance ratios, controVphenobarbita1, of dicumarol in the oral and in- 
travenous phenobarbital studies. Thus, the enzyme inductive effect of 
intravenous and oral phenobarbital was of similar magnitude. 


Figure 3 shows the average time course of dicumarol absorption by 
control rats and by rats pretreated orally with phenobarbital. The indi- 
vidual dicumarol systemic availability data obtained in that experiment 
are listed in Table 111. Calculation of the AUC of unlabeled plasma di- 


I ! L0.l 
0 10 20 


HOIJRS 
Figure 1-Plasma dicumarol concentrations as a function of time after 
simultaneous administration of 50 mglkgpo (0) and 2 mglkg iv (0) to  
a control rat. 14C-Laheled drug was used for the intravenous injec- 
tion. 


cumarol was complicated by prolonged absorption. Two methods were 
used for the extrapolation of the plasma concentration uersus time curve 
from the last assayed concentration (36 hr) to infinity. Method I involved 
the extrapolation of the apparently exponential terminal concentration 
decay phase. This implied that absorption was continuing in a predictable 
manner until the dicumarol concentration approached zero. Method I1 
involved extrapolation of postexperimental plasma concentrations such 
that these concentrations declined a t  the same relative rate as the post- 
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6- 
Figure 2-Plasma dicurnarol concentrations as a function of time after 
simultaneous administration of 50 mglkgpo (0) and 2 mglkg iv (0) to 
a rat treated with phenobarbital sodium, 75 mglkglday iu, beginning 
5 days before dicumarol administration. '4C-Labeled drug was used for 
the intrauenous injection. 
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Figure %Time course of  dicumarol absorption after administration 
of 50 mglkg PO to control rats (0) and to rats treated with phenobarbital 
sodium, 75 mglkglday PO, beginning 5 days before dicumarol adminis- 
tration (0). Points are means f SD of I0 control and 10 phenobarbi- 
tal-treated animals. 


distribution concentrations of intravenously injected ''C-dicumarol. As 
evident from Table 111, the results from the two methods were virtually 
identical. 


Oral phenobarbital treatment reduced the absorption of orally ad- 
ministered dicumarol from 84% (control animals) to 48% on the average. 
While phenobarbital treatment reduced the amount of dicumarol ab- 
sorbed, it had little or no effect on absorption kinetics. The drug was 
absorbed by apparent first-order kinetics, and the absorption rate can- 
stant for the amount absorbed apparently was not affected by pheno- 
barbital (Fig. 4). 


Figure 5 shows the time course of dicumarol absorption in control rats 


b t 1 


I b 10 210 
HOURS 


Figure 5-Time course o f  dicumarol absorption after administration 
of 50 mglkgpo to  control rats (0) and to rats treated with phenobarbital 
sodium, 75 mglkglday, iu beginning 5 days before dicumarol adminis-' 
tration (0). Points are means f SD (in one direction) of six animals 
each. 


and in rats treated with intravenous phenobarbital. Individual systemic 
availability data for this experiment are listed in Table IV. Like the 
control animals for the oral phenobarbital experiment, the intravenous 
controls absorbed 84% of the oral dicumarol dose on the average. Intra- 
venous phenobarbital reduced the extent of absorption to 61% of the dose, 
i.e., to a lesser degree than the 48% average following oral phenobarbital. 
This difference is statistically significant ( p  < 0.005). Again, phenobar- 
bital treatment had no apparent effect on the dicumarol absorption ki- 
netics (Fig. 6). 


Additional examination of the data revealed a statistically significant 
positive correlation ( r  = 0.76; p < 0.001) between the systemic availability 
and the total dicumarol clearance in control animals but not in pheno- 
barbital-treated animals (Fig. 7). 
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Figure 6-Apparent first-order dicumarol absorption kinetics i n  six 
control (0) and six intravenous phenobarbital-treated rats foj. See 
Fig. 4 for further explanation. 
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Figure 7-Relationship bptuwen total clearance of intravenous dicu- 
marol and systcrnic availability of oral dicumarol in 16 rats. Ten rats 
were control animals in  the oral phenobarbital study ( O ) ,  and s i x  rats 
were control animals in the intravenous phenobarbital study (‘8). 
Correlation coefficient = 0.76, p < 0.001. 


DISCUSSION 


Assessment of the effect of phenobarbital on the systemic availability 
of orally administered dicumarol requires consideration of numerous 
experimental design variables. There are pronounced interindividual 
differences in dicumarol pharmacokinetics in rats (5, 14) and humans 
(15). Phenobarbital is an enzyme inducer known to enhance dicumarol 
elimination (16). This enzyme induction may be prolonged, making 
crossover studies in rats difficult if not impossible. In addition, the results 
of the present investigation reveal that the systemic dicumarol availability 
in control rats increases with increasing total clearance. The reason for 
this correlation is not known. 


To deal with these complicating factors, the systemic availability of 
orally administered dicumarol was determined by simultaneous ad- 
ministration of unlabeled dicumarol orally and I4C-dicumarol intrave- 
nously as an “internal standard.” Since crossover studies could not be 
performed, the control and phenobarbital-treated groups were matched 
with respect to their serum free fraction values of dicumarol. It was found 
previously that serum protein binding is the major determinant of in- 
terindividual differences in dicumarol elimination by rats (13). 


A problem encountered in the pharmacokinetic assessment of dicu- 
marol systemic availahility was the very prolonged drug absorption, which 
had been observed also in humans (1) .  This prolonged absorption com- 
plicated calculations of the AUC values of orally administered drug. 
Fortunately, plasma concentrations were monitored long enough to en- 
compass most of the AIJC. Consequently, extrapolations based on the 
assumption of two different limiting cases yielded essentially identical 
AUC and systemic availability estimates. 


The slow and prolonged absorption of dicumarol can cause “flip-flop” 
kinetics (11 )  in animals that eliminate the drug rather rapidly. This may 
have been the case in a recent study ( 1 7 ) ,  which was commented upon 
subsequently (18,19). 


Plasma dicumarol concentrations decline triexponentially with time 
after rapid intravenous injection (10). However, the so-called distribution 
phase is so small that  the apparent volume of distribution estimated by 
the area method and by the intercept (“single-compartment”) method 
are almost identical 1159 uersus 166 ml/kg in a recent study (10) on 10 
animals]. The data obtained in the present study were insufficient for 
a multiexponential characterization of the time course of dicumarol 
elimination (Figs. 1 and 2) because the number of blood samples during 
the first hours after drug administration had to be minimized to permit 
blood withdrawals for 36 hr without serious depletion of the blood volume. 
Therefore, ahsorption kinetics were estimated by the Wagner-Nelson 
method, which is based on the assumption of monoexponential elimi- 
nation kinetics. The error introduced by that data treatment probably 
is minor. 


Phenobarbital had a pronounced inductive effect on dicumarol elim- 
ination kinetics. It was established previously that phenobarbital 
treatment does not affect the serum protein binding of dicumarol in rats 
(20). There was no significant difference in the inductive effect of iden- 
tical intravenous and oral phenobarbital doses. 


Consistent with previous observations in humans ( l ) ,  phenobarbital 
had a pronounced inhibitory effect on dicumarol absorption from an oral 
aqueous suspension in rats. The effect of oral phenobarbital was some- 
what greater than that of intravenous phenobarbital, perhaps due to 
greater exposure of gut tissue to the orally administered drug. Little or 
no phenobarbital is excreted as such in the bile of rats (21); thus, intra- 
venous phenobarbital-treated animals have little or no phenobarbital 
in their GI tracts. Considering this fact and the absorption inhibition by 
intravenous Phenobarbital, it is our opinion that the inhibition of dicu- 
marol absorption is unlikely to he the result of a direct physicochemical 
interaction between dicumarol and phenobarbital. 


An “hepatic first-pass” effect on dicumarol in the rat can he excluded 
(16). However, the possibility must he considered that phenobarbital 
caused induction of dicumarol metabolizing enzyme systems in the gut 
wall. The results obtained in the present study are consistent with dis- 
solution rate-limited absorption and subsequent partial hiotransfor- 
mation of some absorbed drug as it passes through the intestinal wall. 
However, studies in humans have shown that the amount of unmetabo- 
lized dicumarol found in the stool after oral administration of the anti- 
coagulant increased following treatment with a barbiturate (1 ) .  I t  cannot 
be excluded, in our view, that some of the drug found in the stool of hu- 
mans was derived from the hydrolysis of a conjugate formed by, or ex- 
creted into, the intestine. 


Phenobarbital treatment affects bile flow (22) and, particularly in the 
large doses used in this study, may affect GI motility. The role of these 
variables cannot he determined from the present investigation. The 
possible role of bile in dicumarol ahsorption will he examined in a sub- 
sequent report. 
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New to this edition are structure-correlation tables for PMR and IR 
spectroscopy, ionization potentials of molecular and radical species, 
potentials of reference electrodes for water-organic solvent mixtures, 
and a wavenumber/wavelength conversion table. 
In the original edition of this handbook, Dr. N. A. Lange described his 


effort “to select material to meet the needs of chemists who cannot 
command the unlimited time available to the research specialist, or who 
lack the facilities of a large technical library . . . (or who) may find this 
volume of value as a time-saver because of the many tables of numerical 
data which have been especially computed for this purpose.” The present 
edition contains clear, comprehensive tables entirely consistent with the 
original editor’s purpose. The compilations of commonly used infbrma- 
tion in mathematics, atomic and molecular structure, inorganic chemistry, 
analytical chemistry, electrochemistry, organic chemistry, and spec- 
troscopy are complemented by succinct, well-written summaries of basic 
theory in each area. 


This excellent, relatively inexpensive volume would be a useful addition 
to the library of anyone involved in pharmaceutical research. 


Staff Review 


Progress in Drug Research, Vol. 22. Edited by ERNST JUCKER. 
Birkhauser Verlag, P.O. Box 34, CH-4010, Basel, Switzerland. 1978. 
412 pp. 16 X 24 cm. Price Fr. 168. 
This volume of “Progress in Drug Research” contains eight chapters 


of diverse character and subject matter. However, all are expert accounts 
of recent progress or current activity in a particular area of drug re- 
search. 


The first contribution, “Aspects of Social Pharmacology,” discusses 
this emerging discipline. Social pharmacology is described as drawing 
on disciplines ( eg . ,  sociology and economics) outside pharmacology in 
order to better evaluate the effects of drugs as they are usually employed, 
i.e., after controlled clinical studies. The second contribution, “Funda- 
mental Structures in Drug Research II,”is a companion piece to Part I, 
which appeared in Vol. 19 of “Progress in Drug Research.” The basic 
approach is one of showing how the structures of members of a thera- 
peutic group evolve from a lead or prototypical compound. Included in 
Part I1 are antimicrobials, antiprotozoals, anthelmintics, antibiotics, 
antivirals, antineoplastics, steroidal and peptidal hormones, prosta- 
glandins, and vitamins. This work can be useful in several ways, one of 
which is as an efficient summary or outline of structural types associated 
with particular pharmacological activity. 


Chapter three, “Antifungal Agents,” is a good treatment of the clini- 
cally useful antifungal agents. For each agent, there is a summary of 
pertinent chemistry and thorough reviews of m e c h a n i d s )  of action, 
mechanism(s) of resistance, and assessments of current clinical utility. 
Chapter four, “Analgesics and Their Antagonists: Recent Developments.” 
covers the literature since 1970 in a thorough and well-written review of 
synthesis and structure-activity relationships among opium alkaloids 
and synthetic analgesics. A good account of the opioid peptides is in- 
cluded also. 


The fifth contribution, “The Benzodiazepine Story,” recounts inter- 
esting personal research experiences of Leo H. Sternbach in the devel- 
opment of this field of medicinal agents. Additionally, this chapter is a 
good overview of the development of, and the present directions of re- 
search in, benzodiazepines and related compounds. Chapter six, “Anti- 
viral Agents,” carefully reviews recent advances. The agents are grouped 
by chemical type where feasible. Chemical modifications and antiviral 
activities for each group are given. 


The seventh Contribution, “Klinisch-Pharmakologische Kriterien in 
der Bewertung Eines Neuen Antibiotikums. Grundlagen and Method- 
ische Gesichtspunkte,” describes problems encountered and procedures 
involved in the clinical evaluation of new drug entities. A good general 


treatment of the factors involved in antibiotics evaluation is presenteb. 
The concluding chapter, “Drug Research and Human Sleep,” is a concise 
account of the state of the ar t  in the study of the drug effects on sleep in 
human subjects. Included are discussions of factors to be considered in 
accurately measuring drug effects on sleep and the problem of deter- 
mining the significance of these effects. 


The present volume offers a high quality and varied hill of fare. Each 
contribution is current and is authoritatively written. Volume 22 upholds 
the series’ reputation as one of the classic and indispensable reference 
works for any college of pharmacy library. 


Reviewed by Eugene I. Isaacson 
College of Pharmacy 
Idaho S ta te  Ciniuersily 
Pocatello, ID 83209 


Animal Health Products: Design and Evaluation. DONAI,D C. 
MONKHOUSE. American Pharmaceutical Association, 221 5 Con- 
stitution Ave., N.W., Washington, DC 20037. 152 pp. 15 X 2.1 cm, 
soft cover, $14.00 ($9.00 APhA Member Rate). 
The increasing likelihood of a global food shortage is drawing more 


attention to the area of animal health products, particularly those de- 
signed to improve agricultural productivity. Animal Health Products: 
Design and Eualuation is the first booklength compilation of concepts 
and ideas related to research in this field and will doubtless serve as a 
reference text for teaching and for defining future research. As such, it 
is an important and readable contribution to an area largely neglected 
in pharmaceutical journals and texts and rarely addressed by the cur- 
ricula of schools of pharmacy. 


The APhA Annual Meeting symposium from which this volume 
evolved was designed to acquaint scientists working primarily in human 
therapeutics with the rapidly expanding area of veterinary research. The 
growing importance of pharmaceutical support for animal husbandry 
is one reason this volume should he of interest to scientists in this and 
in related fields. Another reason is that the growth of government regu- 
latory requirements for animal products-which are generally stiffer than 
those for human products-is increasing the need for cooperative work 
between scientists in various areas, particularly in toxicology and meta- 
bolic studies. 


A final attraction is the pure intellectual challenge of this area of 
pharmacy. As Dr. Lloyd H. Conover wrote in the “overview” Chapter: 


“The dip-bath constitutes the  greatest challenge I know to the  
art and science of pharmacy. Dip-baths are water-filled vats in 
uhich cattle or sheep take periodic involuntary ‘dips.’ The  active 
cctopnrasiticidal agent, usually in the form of an  emulsifiable 
cwncvntrute, is maintained at an  effectioe concentration by peri- 
odic additions to the bath. Thousands uf animals may  pass 
through a dip-bath in thc course o fa  week, and as they do, oxcre- 
ta ,  soil, microorganisms and other miscellaneous debris accumu- 
late. The  cmulsion must retain its chprnical and physical integri- 
t j ’ i n  the murky  bath for months,  ruhilp the cctoparasiticidal film 
lvft on the  skin and hair of dipped animals must withstand tropi- 
cal rains and sun /or at least a week. Think on this. if you arc ac- 
customcd to  imrking with elegant human dosagc forms!” 


Animal H m l t h  Products covers several of the major problems in vet- 
erinary pharmacy, with particularly good information on the pharma- 
rokinetics of oral dosage forms in multigastric animals, the analyses and 
metaholisrn of tissue residues, the problems of incorporating drugs into 
teed, and the special stability problems of veterinary formulations. 


Staff Reuieiu 
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1,2-Dialkyl-4-pyrazolidinethiols as Potential 
Antiradiation Agents 


MILTON 3. KORNET *= and RALPH DANIELS * 
Received March 16,1979. from the *College of Pharmacy, University of Kentucky, Lexington, K Y  40506, and the :Health Sciences Center, 
Unioersity of Oklahoma, Oklahoma City, OK 73190. Accepted for publication April 17, 1979. 


A b t r a c t  o The reaction between 3-chloropropylene sulfide and the 
1,2-dialkylhydrazines was employed to prepare a series of 1,2-dialkyl- 
4-pyrazolidinethiols. Evidence is presented to support the structure 
proposed for the product. These mercaptoheterocycles are related to the 
8-mercaptoethylamines and were prepared as potential radiation pro- 
tective agents. No significant activity was observed. 


Keyphrases Dialkyl pyrazolidinethiols-synthesis, potential an- 
tiradiation agents, structure-activity relationships o Antiradiation 
agents, potential-dialkyl pyrazolidinethiols, synthesis, structure-ac- 
tivity relationships 0 Structure-activity relationships-dialkyl pyra- 
zolidinethiols, as potential antiradiation agents 


I t  has been firmly est‘ablished that an important phar- 
macophoric grouping among radiation protective com- 
pounds is the 2-aminoethylmercaptan group or a closely 
related derivative (1, 2). In a program designed to syn- 
thesize molecular modifications of this grouping or a 
chemically similar group, a series of 4-pyrazolidinethiols 
(I) was investigated. 


Examination of the parent structure (I) reveals the 
fundamental 2-aminoethylmercaptan moiety with the 
following modifications: ( a )  two such moieties are present 
owing to the presence of two nitrogen atoms, ( b )  these basic 
nitrogen atoms are present as a hydrazino group, and (c) 
the entire pharmacophore is contained in a rigid cyclic 
system. Conceivably, such a rigid system will show en- 
hanced protective activity but lowered toxicity when 
compared with analogous open chain compounds. This 
report describes the preparation and antiradiation effects 
of a series of I compounds. 


DISCUSSION 


Chemistry-The preparation of an oxygen analog of I (11) was dis- 
covered by Gerhardt (3) in 1891. In that early work, treatment of epi- 
chlorohydrin with phenylhydrazine in ether afforded a very small yield 
of l-phenyl-4-pyrazolidinol(II). A pathway to I was envisaged based on 
the anticipation that 3-chloropropylene sulfide would behave in a manner 
analogous to epichlorohydrin. Accordingly, the sulfur analog was treated 
with 1,2-diethylhydrazine in a 1:1.5 molar ratio in ether. The product 
isolated gave an elemental analysis consistent with either the desired 


S H  
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CH 
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OH 
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I1 
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Scheme 1 


1,2-diethyl-4-pyrazolidinethiol (Ib, R = C2H6) or the isomeric substance 
1,2-epithio-4-ethyl-4,5-diamheptane (111) (Scheme I). 


Structure 111 waa ruled out because there was no absorption in the N-H 
region of the IR spectrum of the product. Further support for the cyclic 
Structure Ib was obtained by deaulfurizing the product with Raney nickel 
and isolating 1,2-diethylpyrazolidine (IV). The structure of the desul- 
furized product was established by i ts  unequivocal synthesis from 1,2- 
diethylhydrazine and trimethylene bromide (Scheme 11). The IR spec- 
trum of the picrate of the product was superimposable upon that of the 
picrate of the desulfurized product. Furthermore, no depression was 
obtained when a mixed melting point was determined. 


In a similar manner, four other 1,2-dialkyl-4-pyrazolidinethiols were 
prepared in 12-32% yields. Because N-H absorption bands were absent 
in the IR spectra of all products, they were assigned the 4-pyrazoli- 
dinethiol structure (I). All of the compounds were oils and possessed the 
distinctive disagreeable mercaptan odor. They were characterizd aa their 
hydrochloride salts or as their 3,5-dinitrothiolbenzoates. 


Attempts were made to prepare 4-pyrazolidinethiol (I, R = H) through 
hydrazine addition to 3-chloropropylenesulfide. However, this reaction 
produced polymeric material only. Table I records relevant data for the 
1,2-dial kyl-4-pyrazolidinethiole. 


Antiradiation Activity-The 4-pyrazolidinethiols were tested’ for 
antiradiation activity as reported previously (4). The compounds were 
administered to mice intraperitoneally 15-30 min before whole body 
lethal radiation. Compounds 10, Ic, and Ie at  doses of 48,200, and 500 
mg/kg, respectively, all produced 0% 30-day survivors. Compounds I6 
and Id were not tested. An explanation for the observed lack of activity 


SH 
I 
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Scheme I1 


III At the Walter Reed Army Institute of Research. 
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Table I-Physical Properties of 1,2-Dialkyl-4-pyrazolidinethi01~ 


Reaction Boiling Point Recrystalli- 
Time, (torr) or Melting Yield, zation Analysis, % 


Compound R days Point nD % Solvent' Formula Calc. Found 


Ia 


la HCI 


Ib CH3CH2 


IbHCI - 


Id 
Id HCI 


Ie 


Ie 


82" (9) 1.4911 (22.5') 31 


82-84" - - 


4 108" (LO) 1.4835 (24.5') 29 - 


A - - 91.5-92.5' - 


27 34" (0.03) 1.4845 (22") 26 - 
- B - 105.5-107.5' - 


20 64" (0.12) 1.4740 (31") 32 - CiiHz4NzS 


C 45.42 
H 9.15 
N 21.19 
S 24.25 
C 35.60 
H 7.77 
c1  21.02 
N 16.61 s 19.01 
C 52.45 
H 10.06 
N 17.48 s 20.01 
C 42.73 
H 8.71 
CI 18.02 
N 14.24 
S 16.30 c 57.39 
H 10.70 
N 14.88 
S 17.03 
C 48.08 
H 9.42 
CI 15.77 
N 12.46 
S 14.26 


C 48.08 
H 9.42 
CI 15.77 
N 12.46 
S 14.26 
C 61.05 
H 11.18 
N 12.95 
S 14.82 
C 52.66 
H 6.38 
N 13.65 
S 7.81 


- 


45.57 
9.38 


20.81 
23.80 
35.19 
8.18 


20.59 
16.39 
18.79 
52.60 
9.96 


17.41 
19.80 
42.52 
8.97 


18.00 
14.20 
16.28 
57.00 
10.67 
15.28 
17.05 
48.36 
9.83 


15.38 
12.25 
14.20 


47.98 
9.02 


15.98 
12.60 
14.58 
61.06 
11.23 
13.15 
14.85 
52.52 
6.52 


13.44 
7.90 


- 


~ 


a A = ethanol4iethyl ether, B = ethyl acetate, and C = 95%ethanol. 4 O .  Not analyzed 3,5-Dtnitrothtolbenzoate 


is not readily apparent; however, nitrogen alkylation has generally re- 
sulted in diminished activity (5). 


EXPERIMENTAL* 


Hydraeines-1,2-Dimethylhydrazine (6). 1.2-diethylhydrazine (7), 
1,2-dipropylhydrazine (7), and 1,2-diisopropylhydrazine (7) were pre- 
pared by literature methods. 1,2-Diisobutylhydrazine was obtained by 
the lithium aluminum hydride reduction of isobutylideneazine (8) fol- 
lowing the method of Renaud and Leitch (7). A 71% yield of a colorless 
product was obtained, bp 64" (11 torr), ng 1.4312 [lit. (9) bp 169..5-170", 
70.5" (16 torr) and 63.5' (10 torr)]. 


1,2-Dialkyl-4-pyrazolidinethiols (Ia-Ie)-A typical reaction is 
described, that for the preparation of 1,2-diethyl-4-pyrazolidinethiol (Ib). 
Table I lists the physical and analytical data. 


To a solution of 20.0 g (0.227 mole) of 1,2-diethylhydrazine in 100 mi 
of anhydrous ether was added 16.4 g (0.152 mole) of 3-chloropropylene 
sulfide (10,11). The stoppered flask was kept a t  room temperature for 
1 week. The precipitated hydrochloride salt was filtered, and the ether 
was evaporated under reduced pressure. The residue was distilled and 
gave 7.2 g (31%) of a colorless liquid, bp 82" (9 torr), n E 5  1.4911. A sub- 
stantial amount of residue, which was undoubtedly a polymerization 
product of 3-chloropropylene sulfide, always remained in the distillation 
llask. 


A hydrochloride was prepared and recrystallized from alcohol-ether, 
mp 82-84", 


* Melting oints and boiling points are uncorrected. Analyses were performed 
b Dr. Kurt eder, Geneva, Switzerland, and Drs. Weiler and Strauss, Oxford, En- 
grand. 1R spectra were determined on a Beckman IR-4 spectrophotometer using 
sodium chloride opticfi. 


1,2-Diethylpyrazolidine (1V)-By Desulfurization of 1,Z-Diethyl- 
4-pyrazolidinethiol (1b)-To a stirred suspension of 2 spoons of W-2 
Raney nickel in 250 ml of methanol was added a solution of 7.30 g (0.0456 
mole) of Ib in 50 ml of methanol over 45 min. After 2.5 hr, another 
spoonful of W-2 Raney nickel was added. One hour later, an additional 
2 spoonfuls were added. A total of 5 spoonfuls (-15 g) was added. 


After an additional hour (total stirring time of 5.25 hr), the mixture 
was filtered. The dark-brown filtrate was distilled at atmospheric pressure 
through a 20-cm column packed with glass helixes to remove the meth- 
anol. The residue was distilled and yielded 0.3 g (5.1%) of a liquid, bp 62" 
(46 torr), n p  1.4382 [lit. (12) bp 138", nE8 1.44091. 


A picrate was prepared and recrystallized from absolute ethanol, mp 
149.5- 1 50". 


Anal.-Calc. for C13H19N507: C, 43.69; H, 5.36; N, 19.60. Found: C, 
44.20; H, 5.31; N, 19.70. 


By Alkylation of 1,2-Diethylhydrazine with Trirnethylene Rro- 
rnide-A solution of 34.5 g (0.392 mole) of 1.2-diethylhydrazine and 45.9 
g (0.227 mole) of trimethylene bromide in 250 ml of 95% ethanol was 
added dropwise over 5 hr to 750 ml of refluxing 95% ethanol. The mixture 
was refluxed for an additional 10 hr, cooled, and neutralized with 28 g 
(0.50 mole) of solid potassium hydroxide. 


The precipitated salts were removed by filtration, and the filtrate was 
concentrated at  atmospheric pressure through a 20-cm column packed 
with glass helixes. After distillation of the ethanol, the fraction boiling 
at 132-150" (760 torr) was collected. It was redistilled through the same 
column to yield 1.7 g (5.8%) of product, bp 140-144", n g  1.4409 [lit. (12) 
bp 138". rigs 1.44091. 


A picrate was prepared and recrystallized from absolute ethanol, mp 


Anal.-Calc. for ClsH19Na07: C, 43.69; H. 5.36; N, 19.60. Found: C, 


A mixed melting point taken with the picrate obtained by desulfuri- 


149.5-150.5'. 


44.15; H, 5.65; N, 19.50. 
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zation of 1,2-diethyl-4-pyrazolidinethiol was not depressed. The IR 
spectra of the two picrates were superimposable. 
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Abstract 0 Solutions of ampicillin, carbenicillin, methicillin, oxacillin, 
penicillin C, and cephalothin in 5% dextrose were analyzed by nick- 
el( Il)-catalyzed hydroxylaminolysis. The reactions of these antibiotics 
were complete within 20 min a t  room temperature. Under the analytical 
conditions, molar absorptivities of the ferric-hydroxamate complexes 
ranged from 830 to 1005 liters/mole/cm. Coefficients of variation for the 
analysis o f  these antibiotics in 5% dextrose were typically <3% a t  con- 
centrations of 1 mg/ml. Oxacillin was analyzed by the same method in 
normal saline and/or lactated Ringer solutions. The method also was 
applied to the analysis of chlorarnphenicol in aqueous solutions. Only 
ampicillin showed a significant decrease in concentration in 48 hr. 


Keyphrases Penicillins-analysis, colorimetry, intravenous solutions, 
dextrose, nickel(Wcata1yzed hydroxamic acid formation 0 Antibiot- 
ics-analysis, colorimetry, ampicillin, carbenicillin, methicillin, oxacillin, 
penicillin C, cephalothin, intravenous solutions, dextrose 0 Colorime- 
try-analysis, penicillins in intravenous solutions, dextrose, nickel(10- 
catalyzed hydroxamic acid formation 


Hydroxamic acid formation has been employed in the 
analysis of various carboxylic acid derivatives. Typically, 
the substrate is reacted with an alkaline hydroxylamine 
solution, acidified, and then complexed with ferric iron to 
form a reddish-violet complex. This complex absorbs in 
the 515-545-nm range with molar absorptivities near lo3 
liters/mole/cm. Esters (1-3), amides (4-6), acid chlorides 
(71, acid anhydrides (8), lactones (9), and imides (10) have 
been determined by the alkaline hydroxylaminolysis re- 
action. 


Compounds containing the P-lactam moiety, e.g., pen- 
icillins, also have been analyzed by the alkaline reaction 
(11). However, these compounds also react satisfactorily 
with hydroxylamine at  neutral pH (12, 13). Nickel(r1)- 


Table  I-Stability of the Ferric-Hydroxamate Complex in 
Methicillin-Dextrose 5% Solutions 


~~ ~ 


Neutral Nickel(l1bHydroxylamine 
Hydroxylamine Method (12) Method 
In Water, In 5% Dextrose, In Water, In 5% Dextrose, 


Time” absorbance* absorbance* absorbancec absorbanceC 
~ ~~ 


2 0.465 0.455 0.485 0.475 
5 0.450 0.400 0.480 0.475 


10 0.440 0.330 0.477 0.475 
15 0.425 0.165 0.470 0.455 
30 - - 0.463 0.455 


0 Time after mixing ferric iron reagent with the reaction mixture. Absorbance 
at 490 nm in I -cm cell. Absorbance at 520 nm in 1-cm cell. 


catalyzed hydroxylaminolysis has been applied to the 
analysis of carboxylic acids and acid hydrazides (14,15). 
This method also has been applied to cephalosporins that 
contain the P-lactam group (16). 


In this study, the stability of some penicillins and 
cephalothin was examined in solutions for intravenous 
administration. In the presence of relatively high dextrose 


’ 


concentrations (5% w/v), the neutral hydroxylamine 
method produced low color yields and color instability. 
Since the drugs were present in low concentrations, it was 
not feasible to dilute the samples to reduce the dextrose 
concentration. Consequently, the nickel(II)-catalyzed 
hydroxylaminolysis method was applied to these sys- 
tems. 


This paper reports the results on the application of the 
nickelf IIbcatalyzed method to the analysis of ampicillin, 
carbenicillin, methicillin, oxacillin, penicillin G, and 
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Abstract  0 The effect of phenylbutazone, tolbutamide, and clofibric 
acid on the binding of racemic warfarin and its enantiomers to human 
serum albumin was studied by equilibrium dialysis. Warfarin had one 
primary and two secondary binding sites on the albumin molecule. No 
difference in binding was detected at the primary binding site; the extent 
of R(+)-isomer binding a t  the secondary binding sites was 2.5 times 
greater than the corresponding S(-)-isomer binding. Phenylbutazone 
and warfarin appear to compete for the same primary binding site on the 
albumin molecule. Tolbutamide interferes with the binding of warfarin 
enantiomers at their secondary sites. Clofibric acid has a less pronounced 
effect on warfarin binding than does phenylbutazone or tolbutamide. 


Keyphrases 0 Phenylbutazone-effect on binding of racemic warfarin 
and its enantiomers to human serum albumin Tolbutamide-effect 
on binding of racemic warfarin and its enantiomers to human serum al- 
bumin 0 Clofibric acid-effect on binding of racemic warfarin and its 
enantiomers to human serum albumin 0 Warfarin-effect of phenyl- 
butazone, tolbutamide, and clofibric acid on binding of racemate and 
enantiomers to human serum albumin 


The pharmacokinetics of the warfarin isomers show 
similarities as well as dissimilarities. The two isomers ex- 
hibit similar absorption patterns (1) and do not differ 
significantly in their volumes of distribution (2-4). The 
S(-)-isomer is several times more potent in anticoagulant 
activity than the R(+)-form (1, 4), and it is eliminated 
primarily as its oxidation product, 7-hydroxywarfarin, 
while the R(+)-isomer is predominantly reduced and 
eliminated as warfarin alcohol (1,3,5). Although interin- 
dividual differences produce a wide range of plasma half- 
lives ( 6 4 ,  the S(-)-isomer has a shorter half-life than the 
R(+)-isomer (1-4). 


In the present investigation, the binding behavior of the 
isomers with human serum albumin was characterized by 
equilibrium dialysis to determine if there is a correlation 
between the free fraction of the isomers in uitro and clin- 
ically observed elimination kinetics. In two studies (9, lo), 
the S(-)-isomer had a significantly higher affinity for the 
primary site; in two other studies (11, 12), no significant 
differences in isomer binding were found. 


Phenylbutazone (13-18), tolbutamide (19), and clofi- 
brate (17, 20, 21) have been reported to potentiate the 
anticoagulant effects of warfarin. Extensive work has been 
done on the phenylbutazone-warfarin interaction, in- 
cluding several clinical studies with the isomers (1, 22). 
Analysis of the elimination products during warfarin- 
phenylbutazone treatment provided interesting results: 
the clearance of I?(+)-warfarin was stimulated while that 
of the S(-)-isomer was retarded (1). The greater pro- 
thrombin time response observed in these cases can be 
attributed to a combination of two effects: increased free 
warfarin concentration and inhibition of the metabolism 
and elimination of the more potent S(  -)-isomer. 


In view of the stereoselective interaction suggested by 
these findings, the effects of phenylbutazone, tolbutamide, 


Table  I-Estimated Binding Parameters  


Compound nl k l  X 10-5M-* n2 k 2 X  10-4M-* 
~~~ ~ 


Racemic warfarin 1 14 2 1.8 
R (+)- Warfarin 1 14 2 2.5 


Tolbutamide 1 1.3 2 0.25 
Clofibric acid 1 0.17 2 0.43 


S(-)-Warfarin 1 14 2 1 .o 
Phenylbutazone 1 7.0 1 1.0 


and clofibric acid on the binding of racemic warfarin and 
its isomers to human serum albumin in uitro were studied. 
Since clofibrate undergoes hydrolysis in uiuo to its corre- 
sponding acid, which is presumed to be the active drug 
(23), clofibric acid was used. Although binding parameters 
have been reported for phenylbutazone (24,251, tolbuta- 
mide (26-28), and clofibric acid (29) under various con- 
ditions, they were experimentally estimated under the 
same conditions used here for comparison. 


EXPERIMENTAL 


Materials-The warfarin isomers', tolbutamide2, clofibric acid3, and 
phenylb~tazone~ were obtained commercially. Human serum albumin, 
rechromatographed, was used without further purification5. Dialysis 
membranes6 were rinsed with distilled water several times during the 2 
hr prior to use. Chloroform and dimethylformamide were spectropho- 
tometric quality7. All other chemicals were certified ACS grade. All so- 
lutions were prepared in 0.067 M mixed sodium and potassium phosphate 
buffer, pH 7.4 (30). 


Dialysis Procedure-Dialysis experiments were carried out a t  4' in 
cells constructed from 30- and 60-ml glass jars attached by Plexiglas 
flanges. Cells were rotated at 6 rpm for -135 hr. One compartment con- 
tained the drug (or drugs) in 30.0 ml of buffered 0.4% human serum al- 
bumin, and the other compartment contained 60.0 ml of buffer. A larger 
volume was used in the albumin-free compartment to increase the 
amount of free drug available for extraction and analysis. Cells without 
drugs were used as spectrophotometric blanks in the assay and to check 
for albumin transfer across the membrane. 


Analytical Methods-The purity of the warfarin isomers, phenyl- 
butazone, and tolbutamide was determined by comparison to their cor- 
responding USP-NF reference standards. Clofibric acid purity was 
verified by titration. Optical rotation8 of the warfarin enantiomers was 
m'easured to prove their optical purity: [a@ +149.4O (c 1.2,0.5 M NaOH) 
for R(+)-warfarin, and [a18 -148.4' (c 1.2, 0.5 M NaOH) for S(- ) -  
warfarin. Fluorescenceg intensity of warfarin a t  410 nm, excited a t  327 
nm, was linear over the standard concentration range and was unaffected 
by phenylbutazone, tolbutamide, or clofibric acid. 


The warfarin-albumin solutions for dialysis were used as calibration 
standards for warfarin determinations on the albumin side after dialysis. 


Gift of Endo Laboratories, Garden City, N.Y. 
Gift of The Upjohn Co., Kalamazoo, Mich. 


3 Gift of Ayerst Laboratories, New York, N.Y. 
Sigma Chemical Co., St. Louis, Mo. 
Worthington Biochemical Corp., Freehold, N.J. 
S p e c t d P o r  2, Spectrum Medical Industries, Los Angeles, Calif. ' Burdick &Jackson Laboratories, Muskegon, Mich. * Model A polarimeter, Bellingham-Stanley Ltd.. London, England. 
Model RRS 1000 spectrofluorometer, Schoeffel Instrument Corp., Westwood, 


, 


N.J. 
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Figure 1-Binding of warfarin enantiomers to albumin in 0.067 M 
phosphate buffer, pH 7.4, at 4'. The smooth curve fi t ted to each set of 
points is based on the values in Table I .  Key: 0, R(+)-warfarin; X, 
S(-)-warfarin; r, number of moles of warfarin bound per mole of human 
serum albumin; and A, molar concentration of free warfarin. 


Five milliliters of the standard and dialyzed solutions were diluted to 100 
ml with dimethylformamide, and the resulting precipitate of buffer salts 
and albumin was allowed to settle overnight prior to fluorescence analysis 
of the clear supernate. The free warfarin side of the cell was treated 
similarly except for the lower levels, which were acidified, extracted with 
chloroform, converted to a residue, and dissolved in a minimum volume 
of dimethylformamide. Standard warfarin solutions were prepared to 
encompass the range of experimental free warfarin values. 


The concentration of free phenylbutazone was determined from the 
absorbance of the dialysate a t  264 nmlo, and the concentration of free 
tolbutamide was similarly determined at  227 nm. Clofibric acid levels 
were determined either from the solution absorbance at  228 nm or by 
GLC". Clofibric acid estimation was not attempted in the presence of 
warfarin because of significant interference from warfarin. 


For GLC, aliquots of the dialysate were acidified, extracted with 
chloroform, and converted to a residue. The residue was treated with 30 
p1 of bis(trimethylsily1)trifluoroacetamide containing 1% trimethyl- 
chlorosilane12 and then diluted with 5.00 ml of internal standard solution 
consisting of 6.5 pl of heptadecane/100 ml of carbon disulfide. The 
samples were stoppered and allowed to stand overnight a t  room tem- 
perature to ensure complete derivatization prior to injection onto a 1.2-m 
X 3.5-mm i.d. coiled glass column packed with 3.0% dimethyl silicone 
fluid13 on flux-calcined diatomaceous earth14, 100-120 mesh, at 170° with 
a nitrogen carrier. Injection and flame-ionization detector temperatures 
were 225O. Quantitation of clofibric acid was accomplished by comparison 
to standard solutions similarly treated. 


Binding Constants-Three dialysis determinations, each consisting 
of seven concentrations of R(+)-, S(-)-, and racemic warfarin, were made 
over the range of 6 X 10-6-1.0 X M. Binding constants for the other 
drugs were estimated from dialysis solutions covering the following 
ranges: phenylbutazone, 1.5 X 10-5-1.7 X M; tolbutamide, 2.7 X 
10-6-1.8 X M, and clofibric acid, 1.2 X 10-5-2.1 X M. Direct 


lo Model 200 UV-visible spectrophotometer, Perkin-Elmer Corp., Norwalk, 


l 1  Model 5840 gas chromatograph, Hewlett-Packard, Paramus, N.J. 
l2 Re isil, RC-2, Regis Chemical Co., Morton Grove, Ill. 
l3 O$.lOl, Ohio Valley Specialty Chemical, Marietta, Ohio. 


Gas Chrom Q,  Applied Science Laboratories, State College, Pa. 


Conn. 


spectrophotometric methods were used for determination of phenylbu- 
tazone, tolbutamide, and clofibric acid concentrations. 


Displacement Experiments-Duplicate runs for warfarin and each 
competing drug were performed. Fixed concentrations of the competing 
drug were studied with the warfarin concentration from 6 X to 3 X 


M (2.5-10 mg/liter). Final concentrations for the competing drugs 
were: phenylbutazone, 1.7 X 
M (38 mg/liter); and clofibric acid, 1.1 X 


In all cases, the free competing drug concentration was measured in 
addition to both bound and free warfarin levels. Free phenylbutazone 
and free tolbutamide were determined spectrophotometrically; free 
clofibric acid was measured by GLC. 


M (52 mghiter); tolbutamide, 1.4 X 
M (24 mghiter). 


RESULTS AND DISCUSSION 


Racemic warfarin was used as the control in all cases to relate the 
present work to prior investigations and as a check on results obtained 
for isomers and competing drugs. 


Analytical methods were developed for accuracy and facility of de- 
termining small drug quantities. Dimethylformamide was chosen as the 
solvent for the fluorescence measurements of warfarin because of its 
ability to enhance the fluorescence intensity (31,32). To ensure the ac- 
curacy of the warfarin data, the drug was measured on both sides of all 
dialysis membranes, and the recovery of total warfarin was verified. The 
overall mean recovery for 185 determinations of both free and bound 
warfarin, alone and in combination with other drugs, was 100 f 2%. 


Scatchard plots (33) are presented in Fig. 1 for the R(+)- and S(-)- 
isomers. Curvature is present in both cases, suggesting multiple binding 
sites. A t  low bound drug-to-total protein ratios ( r  < 0.5), there appears 
to be no significant difference in the binding of the two isomers; at higher 
binding levels ( r  > 0.5), a distinct difference is observed. This finding 
suggests either different secondary sites or stereoselectivity a t  identical 
sites. Estimates of binding constants made by computer-assisted suc- 
cessive approximations from the experimental curves are presented in 
Table I. The computer was used to generate r values for the Scatchard 
equations for two independent binding sites, using experimental free 
warfarin concentrations and varying values for the binding constants. 
Coincidence of fit was tested by visual comparison of the plotted exper- 
imental and computed values. The binding pattern observed for racemic 
warfarin and the constants determined reflect the average behavior of 
the isomers. Primary constants were the same for both isomers, but 
secondary binding constants were quite different, with the value for the 
R(+)-isomer (2.5 X 104) being significantly larger than the corresponding 
value for the S(-)-isomer (1.0 X lo4). 


Binding parameters for the competing drugs were experimentally es- 
timated for comparison. Curvature is evident in Scatchard plots for all 
drugs, suggesting multiple sites with differing affinities. The estimated 
binding parameters for these drugs, obtained by computer-assisted 
successive approximations from the experimental curves, are presented 
in Table I. 


Duplicate runs for warfarin and each competing drug were performed 
to evaluate the possible effect of addition order on the binding behavior. 
In the first case, the warfarin-albumin solutions were allowed to equili- 
brate overnight at 4 O ,  the competing drug was added, and the solutions 
were dialyzed. In the second case, the competing drug-albumin solutions 
were allowed to equilibrate before warfarin addition. Equilibrium con- 
centrations for all drugs were essentially the same in both runs. This 
finding suggests that, within the ranges studied, equilibrium concen- 
trations of the drugs are a function of the concentrations and affinity 
constants of the particular drugs and are not related to the addition 
order. 


The concentration of free competing drug was measured as well as 
bound and free warfarin to estimate the extent of competing drug binding 
and to correlate this information with the observed behavior for warfarin 
alone. The warfarin concentration was varied over the range where one 
binding site for warfarin would be primarily operative in the absence of 
competition. This range includes the therapeutic blood levels reported 
for warfarin (34). To minimize the drug-to-albumin ratio, the competing 
drug concentration added was adjusted so that the final total competing 
drug concentration at equilibrium would represent about half the average 
blood levels reported for these drugs (35-37). 


Since the Klotz plot (38) is one of the best graphical representations 
of binding over a narrow concentration range, this treatment was chosen 
for data presentation (Figs. 2-5). Values for these figures are averages 
of two runs with reverse initial equilibration as previously described. 
Apparent primary binding constants for warfarin in the presence of the 
three competing drugs are presented in Table 11. Since no curvature was 


1516 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 12, December 1979 







10 


* 
7 


6 


a I 
1 


1/A X 
Figure 2-Effect of phenylbutazone, 1.7 X M, on  binding of war- 
farin enantiomers to albumin. T h e  warfarin concentration range was 
6 X 10-6-3 X M .  Key: 0, R(+)-warfarin; X, S(-)-warfarin; r, 
number of moles of warfarin bound per mole of human serum albumin; 
and A, molar concentration of free warfarin. 


evident in the Klotz plots, linear regression analysis was used to estimate 
the apparent binding parameters for warfarin in the presence of the 
competing drugs. 


A marked increase in free warfarin was observed when phenylbutazone 
was present (14-207% uersus 1-3% free warfarin without phenylbutazone). 
An r value of 1.57 was determined for phenylbutazone, indicating that 
it was occupying most of its primary sites as well as a significant number 
of its secondary sites. The apparent number of binding sites for warfarin, 
three, suggests substantial use of secondary binding sites. The apparent 
binding constant for the R(+)-isomer was significantly larger than the 
apparent binding constant for the S(-)-isomer, which is consistent with 


I I I 
1 2 3 


1IA X 


Figure 3-Effect of tolbutamide, 1.4 X M, on binding of warfarin 
enantiomers to albumin. The  warfarin concentration range was 6 X 
10-6-3 X M. Key: 0, R(+)-warfarin; X, S(-)-warfarin; r, number 
of moles of warfarin bound per mole of human serum albumin; and A, 
molar Concentration of free warfarin. 
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11A X 
Figure 4-Effect of clofibric acid, 1.1 X M ,  on  binding of warfarin 
enantiomers to albumin. T h e  warfarin concentration range was 6 X 
10-6-3 X 10-5 M. Key: 0, R(+)-warfarin; X, S(-)-warfarin; r, number 
of moles of warfarin bound per mole of human serum a1bumin;and A, 
molar concentration of free warfarin. 


secondary site binding and with the significant differences observed in 
the free warfarin level between the two isomers (14-16% for the R ( + )  
uersus 20-22% for the S(-)I. 


This difference in isomer behavior is clearly evident in the Klotz plot 
in Fig. 2. In view of the observed behavior, it appears that phenylbutazone 
and warfarin compete for the same primary binding site. With most 
primary sites occupied by phenylbutazone, warfarin binding is essentially 
limited to the secondary sites. This behavior is substantiated by the ob- 
served higher percentage of free S(-)-isomer. It is unlikely that phe- 
nylbutazone and warfarin also compete for the same secondary sites since, 
with r = 1.57 for phenylbutazone, the level of free warfarin would be 
higher than observed. 


A significant increase in percent free warfarin was seen when tolbu- 


0 '  I 1 I 4 2 3 1 6 
1/A X 


Figure 5-Effect of competing drugs on the binding of racemic warfarin 
to albumin. The  competing drug concentrations were: phenylbutazone, 
1.7 X 
M. T h e  warfarin concentration range was 6 X 10-6-3 X M .  Key: 
r, number of moles of warfarin bound per mole of  human serum albumin; 
and A, molar concentration of free warfarin. 


M tolbutamide, 1.4 X M; and clofibric acid, 1.1 X 
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Table 11-Apparent Binding Parameters for Warfarin and Its 
Enantiomers in the Presence of Competing Drugs 


Racemic 
Warfarin R(+)-Warfarin S(-)-Warfarin 


Competing k x k x k x 10-5 
Drug n M - l  n M-’ n M-l 


Phenylbuta- 2.9 0.32 2.8 0.40 3.4 0.22 


Tolbutamide 1.1 3.1 1.3 2.4 1.1 3.5 
Clofibric 0.85 9.5 0.89 9.2 0.89 8.6 


zone 


acid 


tamide was added to the system (54% uersus 1-3% free warfarin without 
tolbutamide). The r value was determined to be about one, indicating 
that tolbutamide was occupying a significant number of its primary sites. 
Therefore, it is unlikely that tolbutamide and warfarin compete for the 
same primary site since the increase in free warfarin would have been 
larger, similar to the case of phenylbutazone. Also, the apparent n for 
warfarin in the presence of tolbutamide was about one, indicating that 
it was binding predominantly at its primary site. 


Tolbutamide binding probably affects the secondary sites for warfarin. 
The additional free warfarin observed was in the same range as the con- 
tribution of the secondary sites to warfarin binding (67%).  Warfarin 
behavior, however, was anomalous (Fig. 3). The apparent primary affinity 
constant for the S(-)-isomer was significantly larger than that observed 
for the R(+)-isomer, resulting in a reversal of the relative amounts of free 
isomers. Tolbutamide binding may cause a conformational change in the 
albumin molecule, which results in a change in the affinities of the ste- 
reoselective secondary sites for the warfarin enantiomers. 


The increase in free warfarin in the presence of clofibric acid was less 
than that found with either phenylbutazone or tolbutamide (3-570 uersus 
1-370 free warfarin without clofibric acid). Figure 4 shows essentially no 
difference in the binding behavior of the isomers. The r value of about 
one indicates that clofibric acid was occupying a significant number of 
i t s  primary sites. Therefore, it is unlikely that clofibric acid and warfarin 
compete for the same primary site since the increase in free warfarin 
would have been larger. Also, the apparent n for warfarin in the presence 
of clofibric acid was about one, indicating that it was binding principally 
at its primary site. Some interaction a t  the secondary sites may be oc- 
curring. 


In all cases, the behavior of free warfarin reflected the average behavior 
for the two isomers. To depict the relative effects of the three competing 
drugs, the data obtained for racemic warfarin alone and in combination 
with each competing drug were composited (Fig. 5). The relative mag- 
nitude of their effects was proportional to their relative affinity constants 
for human serum albumin. Significant effects were observed when phe- 
nylbutazone, with a similar primary affinity constant to that of warfarin, 
acted as the competing drug. Less pronounced but potentially significant 
effects were demonstrated with tolbutamide and clofibric acid. These 
findings indicate that interactions at  the albumin binding sites may 
contribute to the reported potentiating effects of these drugs in uiuo. 


Significant correlations have been demonstrated between the free 
fraction and total body clearance of racemic warfarin (39,40). This cor- 
relation has been predicted on theoretical grounds and indicates that 
serum protein binding is a major determinant of the elimination kinetics 
of warfarin and of interindividual variations in its body clearance. Since 
no difference in binding was detected at  the primary site, the corre- 
sponding free fractions for the isomers a t  this site do not correlate with 
warfarin elimination kinetics. The greater free fraction of the S(-)-isomer 
resulting from differences in secondary site binding correlates with its 
clinically observed shorter plasma half-life. This finding suggests that 
binding at the secondary sites may be more significant in uiuo due to 
endogenous substances (such as free fatty acids), which have been re- 
ported to compete with warfarin for its primary binding site (24,41). 


I 
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Abstract The mechanism of potential loss of nitroglycerin stored in 
plastic and glass containers was studied from an equilibrium and kinetic 
approach. Plastic strips equilihrated with dilute aqueous solutions of neat 
nitroglycerin showed that the drug was lost by absorption. Drug loss was 
followed by an electron-capture GLC assay. The same assay of control 
solutions in glass showed no drug loss in 48 hr a t  pH 5.7. The kinetics of 
nitroglycerin absorption and desorption were determined using syn- 
thesized I4C-labeled drug. Absorption can be quantified using a diffusion 
model, where the concentration in the aqueous phase falls with time. 
Curve fitting yielded an average diffusion coefficient in plastic of 2.05 
X lo-’ cm2/sec and a partition coefficient of 104 (plastic-water) a t  30’. 
Temperature-dependence studies of absorption showed that the diffusion 
coefficient followed an Arrhenius relationship with an energy requirement 
of 19.6 kcal/mole, whereas effects on the partition coefficient were neg- 
ligible. Nitroglycerin desorption from plastic disks under sink conditions 
into water can be quantified by assuming a diffusion model where the 
concentration at  the surface of a plane sheet remains constant. Nonlinear 
least-squares curve fitting generated a diffusion coefficient of 1.14 X 
cm2/sec for the desorption process a t  30”. 


Keyphrases Nitroglycerin-intravenous delivery systems, loss from 
aqueous solution into plastics Plastics-loss of nitroglycerin from 
aqueous solution into intravenous delivery system components 0 Drug 
delivery systems, intravenous-loss of nitroglycerin from aqueous solu- 
tion into plastics 


Nitroglycerin in tableted dosage forms has been studied 
extensively from the standpoint of stability and packaging 
(1-7). In the past few years, considerable interest has 
centered on the clinical use of intravenous nitroglycerin 
solutions for myocardial infarction and in open heart 
surgery (8, 9). The intravenous solutions are prepared 
extemporaneously by pharmacists, usually from sublingual 
tablets. Two recent studies (9, 10) raised questions con- 
cerning the potency and stability of such solutions. 


An editorial pointed out that there are certain agree- 
ments in the results of these studies but that there are also 
certain significant differences (8). Both papers reported 
some nitroglycerin loss from intravenous solutions stored 
in glass and plastic containers and suggested that the drug 
loss might be consistent with sorption to container or de- 
livery units. However, the two studies differed in those 
results concerned with the apparent actual drug chemical 
stability and the relative amounts of drug lost to plastic 
containers. Two letters appearing subsequent to these 
studies corroborated nitroglycerin loss from intravenous 
solution to plastic (11 ,  12). 


The purposes of this study were to define the mechanism 
of nitroglycerin loss to a plastic intravenous container 
material’ using equilibrium and kinetic studies and to 
reevaluate nitroglycerin stability in glass containers. This 
information seemed to be a necessary requisite to an un- 
derstanding of factors affecting the potency and stability 
of intravenous nitroglycerin solutions. Solutions were 


I Viaflex, lot HP05 X 7, Travenol. 


prepared using freshly synthesized nitroglycerin to obviate 
any effects of adjuvants present in formulations. This 
possibility was pointed out by Pika1 et al. (7). Potential 
adjuvant effect is another complicating factor in comparing 
the results of previous studies. Moreover, the assays used 
in this study for nitroglycerin were different from those 
used previously and provide an additional basis for eval- 
uation of stability and potency problems associated with 
intravenous nitroglycerin solutions. 


EXPERIMENTAL 
In equilibrium studies, strips of a plastic’ intravenous container (17.88 


X 4.98 X 0.04075 cm; volume 3.63 cm3) were equilibrated with 200 ml of 
normal saline solutions2 containing various initial nitroglycerin con- 
centrations (8-90 pg/ml). The dilute solutions were kept in aluminum 
foil-stoppered 250-ml erlenmeyer flasks a t  35 f 1’ 3. The solution pH 
was -5.7 and remained constant throughout the study. Separate studies 
over a 2-week period showed that equilihrium essentially occurred in 2 
days. 


The nitroglycerin was synthesized using the method of Dean and Raun 
( 1 3 ) ,  where the ratio of reactants was varied to increase the nitroglycerin 
yield4. A 1.05% stock solution of the synthesized nitroglycerin in ethyl 
acetate was used as a nitroglycerin source for the solutions in this study. 
The stock solution was standardized using the phenol disulfonic acid 
method of Dean and Raun (13). 


The nitroglycerin content of the aqueous phase in equilibrium with 
plastic was determined using a GLC procedure5 based on the work of 
Rosseel and Bogaert (14). The assay is stability indicating, since hy- 
drolysis products of nitroglycerin are separated and detected. lsosorbide 
dinitrate was used as the internal standard6. Standard curves for nitro- 
glycerin were constructed by plotting the ratio of the area under the ni- 
troglycerin chromatogram to that of isosorhide dinitrate as a function 
of‘ the nitroglycerin concentration. These standard curves were used to 
determine the nitroglycerin concentration initially and after equilihrium 
with plastic in the following way. A 100-pl sample was taken and extracted 
with 500 pl of benzene containing a known amount of isosorbide dinitrate. 
The extraction removed 98+% of both nitrates. After extraction, the 
organic layer was removed and refrigerated until a portion of it was in- 
jected on the column. The nitroglycerin concentration was determined 
from the ratio of nitroglycerin areas to standard isosorbide chromato- 
grams. 


Control studies were conducted a t  the same time as the equilibrium 
studies under identical conditions. The only difference was the absence 
of plastic. 


In kinetic sorption studies, two strips cut from plastic intravenous 
containers’ (4 X 4 X 0.04075 cm; volume 0.652 em3) were placed in a 
100-ml water jacketed beaker, kept a t  constant temperature7, containing 


2 Lot G446 X 4A, Travenol. 
3 Water contrnlled shaker bath, Research Specialties model 2156, operated at 


25 rpm. 
4 Sulfuric acid (2.1 7 moles) and nitric acid (2.27 moles) were cooled to 25O. Then 


0.130 mole of glycerin (Eaton-Colhy) was slowl added, kee ing the temperature 
below 16’. The mixture was then added to 1.5 &ers of distiEed water at loo,  and 
the congealed nitroglycerin was collected and purified by repeated washing with 
water. Purity was established by TLC and C1.C (9). 


Hewlett-Packard model 5730A with a fi”i-electr[)n-capture detector. A glass 
column (1.8 m X 2 m m  i.d.) was used with 3.5% QF-l  on Gas Chrom Q (Supelco 
1):!550). The carrier gas (argon-methane, 955) had a flow rate of 80 ml/min; the 
injection port and detector were at 200°, and the cnlumn was at 120°. 


6 Stuart Pharmaceuticals AN00983,25% adsorhate on lactose. The iaosorbide 
dinitrate was extracted with hot acetone, and the acetnne was then removed over 
a nitrogen stream. Standard solutions were prepared by accurately weighing known 
amounts and dissolving them in chromatographic grade benzene. 


7 Haake model FK circulating water bath at 30,35,40, and 45 f 0.5’. 
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Table I-Recovery of Initial Concentration of Nitroglycerin 
Stored in Glass at 35" in Normal Saline Solution, pH 5.7 


Initial Concentration, Percent Found 
Pdml  24 hr 48 hr 
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Figure 1-Log-log relation- 
ship between nitroglycerin 
equilibrium concentration 
(micrograms per milliliter) in 
plastic and concentration in 
normal ualues, saline and the solution line was at gen- 3s'. 
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aqueous solutions of constant labeled8 drug (61.06 pg/ml, 38,212 dpm/ml) 
together with nonlabeled drug in various total concentrations. In studies 
a t  30". four different initial concentrations were used (61-473 pg/ml), 
and each concentration study was run in duplicate. Temperature-de- 
pendence studies (30-45") were run in duplicate with a single initial 
concentration of 473 pglml. 


The solutions were prepared from ethanol stock solutions of both la- 
beled and nonlaheled drug. The cold stock solution contained 206.91 mg 
of nitroglycerinlml, and the laheled drug stock solution contained 152.65 
mg/mlY. At appropriate time intervals, 50 pl of aqueous sample was placed 
in a vial containing 10 ml of counting cocktail'" and 4 ml of water. The 
radioactivity was determined by liquid scintillation counting" for 20 min 
(counting efficiency 86.35963, background 46 cpm). 


The initially clear strips became opaque when exposed to water. T o  
determine if the imbibed water affected sorption, the following experi- 
ment was run. Plastic strips were presoaked in distilled water for more 
than a day and immediately immersed in a solution of the radioactive 
drug (473 pg/ml total, 61.06 pg/ml laheled, 38,212 dpm/ml). Sorption 
studies using the presoaked strips were carried out as were those de- 
scribed for nonpresoaked strips. 


In desorption studies, 40 disks cut from the same plastic intravenous 
hags ( I  ,503 cm in diameter, 0.0407 cm thick; volume 0.0723 cms) were 
equilibrated 1 week with :300 ml of a 442-pg/ml (43.19 dpm/pg) nitro- 
glycerin solution. Two disks were collected and counted to determine the 
initial amount of nitroglycerin sorbed (1652.1 and 1644.9 pgldisk were 
found). The desorption studies, run in duplicate, were conducted a t  30" 
using 19 disks in :300 ml of stirred water. Sink conditions were maintained 
by replacing the water a t  a rate of 5 ml/min with a peristaltic punip12. 


In the desorption studies, a disk was removed from solutions in the 
jacketed beaker a t  appropriate intervals, rinsed in water, blotted on 
paper, and placed in a counting vial containing 10 ml of cocktail. The disk 
was allowed to stand in the cocktail for a few hours to enhance the 
leaching of 14C-nitroglycerin, thus increasing counting efficiency. Four 
milliliters of water was then added to form a gel, permitting suspension 
of the disk horizontally and halfway from the bottom of the vial. The 


MINUTES x 10-3 


Figure %-Relationship between the amount (micrograms per  cubic 
centimeter) of nitroglycerin adsorbed by plastic strips and time from 
a solution initially at 61 (O),  143 (O) ,  267 (A), and 472 (A) pg of ni- 
troglycerinlml at 30". The symbols are experimental data,  and the line 
was generated by nonlinear least-squares fi t t ing hosed on Eq. 1 .  


radioactivity was determined by liquid scintillation counting for 20 
min. 


RESULTS AND DISCUSSION 


In the studies where plastic strips were permitted to equilibrate with 
aqueous nitroglycerin solutions, the amount of drug in the plastic was 
calculated from the difference between the measured initial concentration 
and the concentration found a t  equilibrium in the aqueous phase. The 
concentration in plastic was calculated using the measured volume of the 
strip. The calculation is valid because control studies showed no drug loss 
through either hydrolysis or sorption to glass in 48 hr. 


Table I presents the nitroglycerin recovery from solutions stored in 
aluminum foil-stoppered 250-ml erlenmeyer flasks a t  3 5 O .  Over a con- 
centration range of 0.2-95 pg/ml, assay of the solution showed 97% ni- 
troglycerin remaining after 24 hr and 103% after 48 hr. The drug is ap- 
parently stable over a 2-day period in aqueous solution. This finding is 
in agreement with the results of many investigators (12-18) but not with 
those of others (9,lO). Sturek et al. (9) found a 13% loss after 50 hr, which 
may have been the result of adjuvants in the sublingual tablets used to 
prepare the solutions. I t  is difficult to speculate about the 25963 loss in 5 
hr reported by Ludwig and Ueda (10) since the contents of their nitro- 
glycerin stock solution are not known. 


When the logarithm of the concentration found in plastic a t  equilib- 
rium is plotted as a function of the logarithm of the concentration in the 
aqueous phase at equilibrium, a linear relation is found (Fig. 1 )  with a 
slope of 1.09 f 0.15 (95% confidence limit) as generated by linear re- 
gression. This result shows that nitroglycerin loss to plastic is an ab- 
sorption or partitioning process and that the role of adsorption, if present, 
is minor. When the apparent partition coefficient is calculated from the 
slope of a regression of concentration in plastic on the concentration in 
the aqueous phase a t  equilibrium, the value obtained is 166 f 14. There 
is little doubt that nitroglycerin preferentially distributes into the plastic 
from its aqueous solution. 


In kinetic sorption studies, the amount of nitroglycerin taken up by 
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Figure 3-Relationship between the amount of nitroglycerin adsorbed 
per cubic centimeter of plastic strips and time from solutions initially 
at 473.0 pglml at 45" (A), 40" ( A ) ~  3.5' (O),  and 30" (0). The symbols 
are experimental data, and the lines were generated by nonlinear 
least-squares fitting of Eq.  1.  
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Table 11-Amount Adsorbed, Diffusion Coefficient, Partition Coefficient, and T ime  fo r  0.5 Fractional Sorption f o r  Nitroglycerin in 
h l u t i o n  at Different Initial Concentrations Exposed to  Plastic Str ips  at 30' 


Diffusion 
Initial Amount Adsorbed Coefficient", D, Time for 0.5 


Concentration, a t  Equilihrium, cm2/sec x 109 Partition Fractional Sorption, 
Fccglml M,, pg/cm3 (QD X lolo) Coefficient minb 


61.1 
61.1 


143.4 
158.7 
266.9 
266.9 
470.9 
470.9 


2,404.0 
2,690.8 
5,876.2 
6,703.5 


11,300.8 
11,674.8 
21,359.7 
19,956.6 


1.75 (1.58) 
1.88 ( 1.30) 
2.01 (1.74) 
1.96 (1.29) 
2.06 (1.23) 
1.83 (1.47) 
2.68 (2.25) 
2.22 (1.31) 


91.3 
111.1 
96.9 


101.6 
105.7 
106.4 
111.2 
103.8 


180 
200 
210 
175 
200 
220 
190 
175 


(I Obtained by nonlinear least-squares fitting of amount adsorbed by plastic (micrograms per cubic centimeter) at time t (M, 1 and the time using Eq. 1. * Interpolated 
from nitroglycerin sorbed-time profiles (Fig. 2). 


the plastic strips was followed by measuring the solution loss of radio- 
activity as a function of time. Since equilibrium studies indicated that 
a sorption process was taking place, the data were treated using a model 
descrihing sorption by a plane sheet immersed in a limited volume of 
solution where the solute concentration in an aqueous solution falls as 
the solute enters the sheet. In such a system, the equation relating frac- 
tional equilibration, M,/M,, and time is (19): 


where Mt is the total amount of solute in the sheet a t  time t ,  M, is the 
corresponding amount after infinite time, h is the half film thickness, and 
D is the diffusion coefficient. The value of a is the ratio of the final con- 
centration to the total concentration drop in the aqueous solution (initial 
concentration, Co, minus final concentration, C,): 


(Eq. 2) 


The values of 9n are the nonzero positive roots of: 


tan qn = -uqn (Eq. 3) 


and can be obtained from puhlished tables (19) or with a suitable pro- 
grammahle hand calculator. 


The amount of nitroglycerin adsorbed by the plastic a t  time t ,  Mt 
(micrograms per disk), was fitted to Eq. 1 usinga nonlinear least-squares 
fitting techniqueI3 (NONLIN). The values for a ranged from 0.69 to 0.82, 
and six terms under the summation were used. The total amount of ni- 
troglycerin in the strips a t  infinite time, M ,  (micrograms per cubic 
centimeter), and the diffusion coefficient (square centimeters per second) 
were estimated by the computer program. Figure 2 represents the f i t  
obtained for data a t  initial concentrations of 61-473 pg/ml a t  30'. The 
symbols are data points, and the line was generated by nonlinear least- 
squares fitting. 


Table I1 lists the values of M,, the diffusion coefficient, the partition 
coefficient calculated from M, and C,, and the time for 0.5 fractional 
attainment of'sorption a t  the four different initial solution concentrations 
used. The studies were run in duplicate. The accuracy obtained, as re- 
flected in the standard deviation for the diffusion coefficient, was good 
and the precision between duplicate runs was f 5 %  or better. Because of 
the constant half-life for sorption (Table 11) a t  the several concentrations 
used, it is concluded that the diffusion coefficient is independent of 
concentration over a 61473-gg/ml range, giving an average value of 2.05 
X (SD = 0.29 X 10-9) cm2/sec a t  30'. The average partition coeffi- 
cient obtained from the kinetic studies, 103.5 (SD = 6.82), is of the same 
order of magnitude as that  found in the equilibrium studies run a t  35' 
in normal saline solution. A log-log plot of the concentration in plastic 
uersus aqueous concentration a t  equilibrium agrees well with the con- 
clusion reached from the equilibrium studies that absorption, and not 
adsorption, is the major cause fnr nitroglycerin loss. 


Data obtained from sorption kinetic studies using presoaked plastic 
strips were also fitted to Eq. 1 and showed excellent conformance. The 
diffusion coefficients generated, 2.27 X and 1.76 
X 10-9 (SD = 0.132 X 10-9) cm2/sec, are not significantly different from 
those found using nonpresoaked strips. 


In absorption temperature-dependence studies, the initial nitroglycerin 
solution concentration bathing the strips was held constant at 473 pg/ml 


(SD = 0.163 X 


and the temperature was held constant at 30,35,40, or 45O. The relation 
between the amount of nitroglycerin taken up per cubic centimeter of 
strip and the time a t  each temperature is presented in Fig. 3. The figure 
gives data for one of the duplicate trials used. When the data are fitted 
to Eq. 1, the result obtained is given by the solid lines in Fig. 3, showing 
excellent compliance with the diffusional model selected. The com- 
puter-generated diffusion coefficients for nitroglycerin in the plastic as 
well as the amount of nitroglycerin taken up a t  equilibrium are given in 
Table 111 for both experimental trials. The diffusion coefficient is de- 
pendent on temperature. Plotting the diffusion coefficient-temperature 
data in the Arrhenius manner: 


(Eq. 4) oe 


gives an excellent linear relation between the logarithm of the diffusion 
coefficient, D, and the reciprocal of absolute temperature, 1/T. The en- 
ergy term, E ,  has a value of 19.6 kcal/mole (1.59 SD), and the preexpo- 
nential term, Do. is 3.24 X lo5 cm2/sec. 


Although the diffusion coefficient is temperature sensitive, the cal- 
culated partition coefficient does not change with temperature (Table 
111). 


Studies directed toward measuring the desorption kinetics of nitro- 
glycerin from the container material were intended to establish the re- 
versibility of the interaction. The amount of nitroglycerin remaining per 
disk under sink conditions was measured by scintillation counting over 
8000 min. The nitroglycerin lost per disk, L t ,  a t  each sampling time was 
determined by taking the difference between the amount initially present 
(1652 and 1645 pgldisk in two trials) and the amount found at each 
time. 


The relation between the amount lost and time for one trial is given 
in Fig. 4. The symbols represent experimental values, and the line joining 
them was generated by NONLIN'3 from a diffusion model describing 
diffusion through a plane sheet where the concentration throughout the 
sheet is initially uniform and where the concentration a t  the surface re- 
mains constant during the time course of desorption (19). The relation 
hetween fractional loss, L l / L , ,  and time, t ,  under these conditions is: 


D = D -E/RT 


, 
exp[-D(n + V#7r2t/h2] (Eq. 5) 


where L, is the amount lost a t  long time (equal to the amount present 
initially), D is the diffusion coefficient, and h is the half thickness of the 


Table 111-Effect of Temperature  on the Diffusion Coefficient 
and Parti t ion Coefficient of Nitroglycerin Sorption from 
Aaueous Solution bv a Plastic Intravenous Container Material  


Lt 8 - = I -  
L ,  n-o(2n t 1) 7r 


Temper- 
ature 


30' 
300 
350 
35' 
40' 
40' 
45' 
45O 


Amount 
Adsorbed a t  
Equilihrium, 
M,, pg/cm3 


21,359.7 
19,956.6 
18,154.6 
19,982.9 
20,118.2 
19,774.2 
21,718.3 
21,818.3 


Diffusion 
Coefficient", D, 
cm2/sec x lo9 
(rtSD X loio) 


2.68 (2.25) 
2.22 (1.31) 
4.53 (2.86) 
4.28 (2.80) 
8.61 (6.30) 
8.06 (5.46) 
9.82 (9.74) 
11.8 (13.8) 


Parti- 
tion 


Coeffi- 
cient 


11 1.2 
103.8 
92.4 


102.4 
94.6 
93.8 


106.7 
104.1 


IR Unit 7292, The Upjohn Co., Kalamazoo, Mich 
0 Obtained b nonlinear least-squares fitting of amount adsorbed by plastic at 


time t (M,) a d t h e  time using Eq. 1 .  
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Figure 4-Relationship between the amount of nitroglycerin lost from 
a plastic disk initially containing 1652 pg and time under sink condi- 
tions at 30’. The symbols are experimental data,  and the line was that 
generated by nonlinear least-squares f i t t ing of Ey. 4.  


sheet. Equation 5 is a reduced form of the more general Eq. 1, where 01 
equals - and where the roots of Eq. 3 are: 


qn = ( n  + %)7r (Eq. 6) 


Equation 5 was used by Pikal et al. (7) in describing nitroglycerin de- 
sorption from two packaging materials. The computer-generated values 
for the diffusion coefficient using Eq. 5 are 1.17 X (4.63 X lobi1 SD)  
and 1.10 X (4.62 X lo-’* SD)  cm2/sec a t  the two initial amounts of 
nitroglycerin per disk used (1652 and 1645 pg/ml, respectively). These 
values agree well with each other and with those generated in sorption 
studies at  30’: 2.05 X cm2/sec (average value from Table 11) and 2.45 
X cm2/sec (average value from Table 111). Thus, the loss of nitro- 
glycerin to the plastic intravenous container apparently is a reversible 
sorption process. 


SUMMARY 


Under the experimental conditions used, both equilibrium and kinetic 
studies showed that nitroglycerin is removed from aqueous solution by 
the plastic container material through an absorption process. The par- 
tition coefficient of nitroglycerin between plastic and aqueous solutions 
is -104 a t  30’. The time course for the absorption can be described as 
diffusion through a sheet where the,concentration in the aqueous solution 
phase falls with time, with a diffusion coefficient of about 2.1 X 10-9 
cm*/sec. Nitroglycerin loss from aqueous solution does not occur through 
hydrolysis since solutions stored in glass containers a t  pH 5.7 and 35’ 
retained potency for a t  least 48 hr. 


Although the experimental data support the thesis that the uptake of 
nitroglycerin is migration of the drug into the plastic matrix, this finding 
does not exclude the possible adsorption of the drug on the surface. 


Conceivably, the quantity of solute adsorbed may be insignificant when 
compared with the amount absorbed and the rate of adsorption may be 
much faster than the rate of absorption, with the result that any ad- 
sorption is obscured. Thus, the experimental conditions employed as well 
as the physical and chemical properties of the drug molecule and the 
plastic could affect conclusions reached regarding the rate-limiting 
mechanisms and the equilibrium distribution of drugs exposed to 
plastic. 
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Abstract  D Previous investigations showed that the natural marine 
substance aponin, produced by the blue-green alga Gomphosphaeria 
aponina, was cytolytic toward Florida’s red tide organism, Gymnodinium 
breve. As part of a study of the aponin-alga biological interactions, the 
effects of unialgal (G. aponina) and mixed cultures (G. aponina + G. 
breve) on the viability of Artemia salina were investigated. Two con- 
trasting effects were observed in mixed cultures: survival of A. salina was 
promoted in low G. aponina populations, while enhanced toxicity of G. 
breve to A. salina occurred a t  higher culture populations. Unialgal G. 
aponina cultures exerted no adverse effects on A. salina. The apparent 
protective effect is thought to result from the observed change in G. breve 
morphology (motile to sessile); toxicity was the result of enhanced toxin 
release by cytolyzed G. breve cells. In dose-response studies, aponin 
exhibited no adverse effect on A. salina a t  concentrations (1 unit) that  
were deleterious to G. breue. However, a t  higher applied levels (4-6 units), 
mortality was substantial (>70%) after 48 hr of incubation. Probit 
analysis yielded an apparent LD50 of 2.3 units, where 1 unit was that 
amount required to cytolyze 50% of the G. breve cells (2000 cells/ml) after 
20 hr  of incubation. 


Keyphrases 0 Aponin-effect on Artemia salina, unialgal and mixed 
cultures with Gomphosphaeria aponina and Gymnodinium breve, po- 
tential biological control agent 0 Gymnodinium breve--effect of aponin, 
Gomphosphaeria aponina, unialgal and mixed cultures, potential bio- 
logical control 0 Artemia salina-effect of aponin, bioassay method 0 
Biological contro~-~yrnnodinium breve, effect of aponin and Gom- 
phosphaeria aponina in unialgal and mixed cultures, Artemia salina 
bioassay 


Interest in localized management measures for the 
ichthyotoxic blooms of Florida’s red tide organism, 
Gymnodiniurn breve (an unarmored dinoflagellate), was 
rekindled with the isolation and partial purification of a 
biologically active natural marine product, aponin, from 
cultures of the blue-green alga, Gomphosphaeria aponina 
(1, 2). Earlier reports (3 ,4)  described aponin cytolysis of 
G. breve cells; presumably, this action results from either 
a direct lytic interaction with the cell membrane or a per- 
turbationhnhibition of a vital cellular function, causing 
cell degeneration. The aponin effect on G. breve cells is 
rapid (<24 hr), irreversible, and dosage dependent. Fur- 
ther aponin purification is underway and should provide 
a better understanding of its structural, chemical, and 
biological properties. 


BACKGROUND 


Additional evidence for aponin cytolysis of G. breve was demonstrated 
in mixed culture studies with G. aponina (4). G. breve cultures incubated 
with various amounts of log-phase G. aponina cells declined linearly with 
the number of blue-green alga cells present after 10 days of growth. This 
effect was not attributed to organism-organism competition for a 
growth-limiting nutrient; freeze-dried C. aponina cells also were cytolytic 
toward G. breve cells (4). The incubation period required prior to the 
initiation of G. breve degeneration (8-10 days) and the growth response 
of G. aponina were in good agreement with the time of maximum aponin 
elaboration (6-8 days) and inocula size-growth rate relationships ob- 
served in unialgal cultures of the blue-green alga (5). 


In contrast to the neurologic (6) and hemolytic (7) properties exhibited 


by components of the ichthyotoxin associated with G. breve, aponin has 
not been shown to possess any short-term (25 hr) ichthyotoxic activity 
when applied at high levels (about 15 units, or 7.5 times the amount re- 
quired to cytolyze all G. breve cells) to several fish species. A 25-hr test 
period corresponds to 83 times the standard death time of fish exposed 
to G. breve toxin (8). An increase in the mean survival time of Poecilia 
spenops and Mollienesia latipinna was observed when aponin was in- 
cubated a t  low concentration with G.  breve cells for 25 hr; enhanced 
ichthyotoxicity of G. breve cultures toward these species also was noted 
a t  higher aponin dosages, resulting from the anticipated G. breve cell 
degeneration and subsequent toxin release into the test vessels (2,4). 


Aponin possesses nine significant characteristics that  are favorable 
for its use as a biocontrol agent for Florida’s red tide organism, including 
thermal stability and slow activity loss in alkaline solutions (base labile) 
(3). The problems of aponin specificity and of its effects on biological 
systems other than G. breve cells have been addressed only recently. This 
paper considers findings on short-term effects of aponin (cytolytic factor) 
and G. aponina on Artemia salina (brine shrimp) in unialgal and in 
mixed cultures with G. breve. 


A .  salina may not be widely used in biological assays, but ample 
precedent exists, including the assay of ciguatera (9), G. breve (10). fungal 
toxins (l l) ,  and insecticides (12). The importance of A. salina in tropical 
food chains and its commercial value as a potential food source in shrimp 
and fish mari-culture (13) render A. salina an important organism for 
consideration. However, A. salina is more tolerant to G. breve toxin than 
are fish (lo), which may mitigate against its use in some bioassays. For 
example, one A. salina (6 mg) could tolerate more than 10 times the 
amount of G. breve toxin than a 60-mg Gambusia affinis fish could 
withstand (10). Such tolerance has been attributed to medium detoxifi- 
cation by chemical absorption or metabolic means and would suggest that 
a population effect should be considered in the interpretation of bioassay 
results (10). 


EXPERIMENTAL 


Organism Source and Culture-Unialgal G. breue’ cultures were 
maintained as axenic stock cultures in artificial sea water medium en- 
riched with modified Wilson’s B-5 supplements (14). G. aponina, isolated 
as detailed previously (11, were maintained as bacteria-free unialgal stock 
cultures, as described elsewhere (15). A. salina (mean dimensions: length 
= 7 f 0.8 mm and wet weight = 2 ma) were obtained through local 
sources, and the stock organisms were maintained in artificial sea 
water. 


The crustacea were nourished periodically with a few drops of Baker’s 
yeast solution and aerated continuously (-250 ml/min). Stock cultures 
of the three organisms were maintained under similar salinity (34%), pH 
(7.8), and temperature (24 f 1’) conditions and under continuous illu- 
mination (approximately 2000 lux) provided by 40-w cool-white fluo- 
rescent lamps with lead shielded cathodes (16). 


Organism Enumeration-Microorganism cultures were routinely 
sampled, and populations were enumerated with an electronic particle 
counter2 using the electronic and threshold settings reported elsewhere 
(17). Organisms also were examined microscopically with an inverted 
binocular microscope. 


A. salina cultures were observed and counted visually. Individual 
crustacean mortality was defined as the cessation of all peleopod loco- 
motor activity for no less than 5 min. 


Isolation and Bioassay of Aponin-Aponin was isolated from the 
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Figure I-Influence of various initial G .  aponina populations in uni- 
algal (0) and in m i x d  ( 0 )  culture with G .  breve on A. salina mor- 
tality. 


10-day-old G. aponina cultures using the procedure of McCoy (2). G. 
aponina cells were cultured in a large-scale (20-liter) continuous culture 
system (18) and were harvested by continuous centrifugation using a 
Szent-Gyorgi apparatus?. The cell-free centrifugate was extracted for 
24 hr with redistilled chloroform (50 ml/liter of centrifugate). The chlo- 
roform layer was then evaporated to dryness by rotary evaporation, and 
the residues were redissolved in a known chloroform volume. 


Cytolytic activity of the crude aponin extract was determined using 
a modification of the bioassay described previously (2). In triplicate, serial 
volumes of the crude preparation were placed in 15-1111 test tubes, and 
the chloroform was removed in an evacuated oven (41"). Ten milliliters 
of well-mixed G. breve culture4 were pipetted carefully into each assay 
tube, and the cultures were mixed gently for 1 hr. After 20 hr of incuba- 
tion, the C. breoe cells remaining were counted and viability was checked 
microscopically. 


One (relative) unit of aponin activity was defined as that amount of 
material required to produce 50% mortality of G. breve cells, a t  an initial 
concentration of 2000 cells/ml, after 20 hr  of incubation (2000 lux, 25 f 
2"). 


Unialgal and Mixed Culture Studies-Six pairs of sterile culture 
vessels (500-ml Fleaker flasks fitted with foam stoppers and aeration 
ports) were prepared; one set was designated as the unialgal (U) cultures, 
and the other was designated as the mixed (M) cultures. Into each U flask 
was placed 400 ml of sterile artificial sea water (34%) enriched with the 
modified B-5 supplements; 400 ml of C. breve culture (cell counts 
>1400/ml) were introduced into the M flasks. Equal volumesof log-phase 
C. aponina cell concentrate and B-5 medium were pipetted into corre- 
sponding pairs of vessels. 


The final volume of each culture was adjusted to 450 ml with artificial 
sea water medium and then both organisms were counted. After 24 hr 
of incubation (constant illumination of -2000 lux) and aeration (-6 
mlh in ) ,  A. salina (2530 organisms in 15 ml of medium) were introduced 
into each vessel. Survival of A. salina individuals was monitored con- 
tinuously for the initial 24 hr and regularly (3-6 hr) thereafter. G. breve 
and G. aponina were sampled and enumerated periodically, and cell vi- 
ability was observed. 


Aponin Toxicity-The protocol to test the toxicity of aponin on A. 
salina was similar to the hioassay procedure described. In triplicate, serial 
aponin solution volumes (in chloroform) were pipetted into 50-ml test 
tubes. Solvent and medium controls also were prepared. After the solvent 
was evaporated, 35 ml of modified B-5 medium (filtered, sterilized arti- 


3 Centrifugation was carried out at 12,OOOXg in a SS-3 centrifuge (DuPont- 


4 A stock culture was swirled for 30 min at 120 rpm on a G-22 Gyrotory shaker 
Sorvall); the flow rate was 100 mlimin. 


bath (New Brunswick Scientific). 


ficial sea water, 34%0) were placed into each tube, and the solutions were 
mixed for 24 hr a t  25". 


Pollowing mixing, five healthy A. salina (in 5 ml of medium) were 
added gently to the cultures, which were illuminated (2000 lux) and 
aerated (6 ml/min) continuously. A. salina survival was monitored hourly 
for the first 12 hr and periodically (M hr) thereafter. To establish dosage 
levels applied to the organisms, a bioassay of the same aponin preparation 
with G. breue was run concurrently. 


RESULTS 


Three approaches were used to  assess aponin and G. aponina effects 
on A. salina survival: direct presentation (surviving A. salina as a func- 
tion of time), kinetic treatment (calculation of the zero-order mortality 
constant, K D ,  where KO = m, the slope of the linear portion of the direct 
presentation plot), and probit transformation5. These approaches were 
used appropriately with three groups of studies. 


First, preliminary unialgal ( G .  aponina t A. salina) studies (Fig. 1) 
revealed two interesting results. A. salina survival (adults and larvae) 
was promoted in the presence of G. aponina relative to controls (B-5 
medium without G. aponina and mixed culture systems). A threefold 
(1.3-43x3 reduction in mortality constant values, KD, for unialgal cul- 
tures of G. aponina (flasks u 2 - U ~ )  was noted relative to control values 
(Ul ,  artificial sea water only). In addition, a twofold reduction in KD 
values was observed for mixed culture systems (flasks MZ-Ms) reiative 
to G. brew controls (MI, 1400 cells/ml initially). These results also were 
confirmed by statistically significant ( t  test, p < 0.001) differences in the 
percent brine shrimp surviving for 90 hr in unialgal(S09h) versus mixed 
(30%) cultures. 


No apparent increase in the mixed culture toxicity to A. salina was 
noted, as anticipated for cultures containing high initial G. aponina 
populations. However, the C; breve cells used were relatively old (early 
stationary phase). Although G. breve cell numbers were sufficient to cause 
ichthyotoxic mortality, reported as populations greater than 250,000 
cells/liter (20). the toxicity of this particular culture may have been re- 
duced by enzymatic or physicochemical toxin degradation or by reduced 
toxin biosynthesis during the stationary phase of culture growth (21). 


In contrast, a t  low initial G. aponina concentrations, a definite pro- 
tective influence was exerted, as evidenced by the reduced A. salina 
mortality constants a t  these levels. This result may have been due in part 
to feeding of the brine shrimp on G. aponina, as suggested from inspec- 
tion of fecal remains. Microscopic examination of the mixed cultures 
revealed sessile G. breve forms in cultures MpM4 after 10 days; motile 
forms were observed in MI (G. breve only), and a few motile cells and cell 
debris were observed in cultures M5 and MG. 


A second group of unialgal and mixed culture studies confirmed the 
original observations with a few notable exceptions (Table I). In these 
studies, log-phase G. breve cells (3  weeks old, 1900 cells/ml initially) were 
used. Enhanced A. salina mortality rates were observed in mixed cultures 
with high initial G. aponina populations, resulting from the expected 
cytolytic action exerted on G. breve cells. Furthermore, increased A. 
salina survival was noted a t  low initial G. aponina concentrations (cul- 
tures MZ and Ma). 


Aeration had no adverse effect on G .  hreve (viability or morphology), 
as evidenced by an increase in cell counts and size distributions. However, 
sessile G .  breve forms were noted only in the latter mentioned cultures; 
cell debris and a few motile forms were found in MI-M~, and motile cells 
were observed in MI. These differences in morphology also were reflected 
in culture population size distributions. Motile cells had morphologies 
as described previously (221, with cell volumes ranging from 3608 to 6220 
hm3, while sessile forms similar to those described previously (23) had 
volumes of 2240-4168 pm:'. 


No significant deleterious short-term effect of unialgal G. aponina 
cultures on A. salina viability was found; G. aponina promoted brine 
shrimp survival, although the mortality rate increased slightly a t  inter- 
mediate initial cell populations. In addition, C. aponina cultures exerted 
no obvious effect on larval maturation or viability. Hatchlings were ob- 
served in the unialgal cultures and survived the duration of the experi- 
ment. In the mixed cultures, however, larvae did not persist for more than 
3-4 days after hatching. Death of A. salina individuals in cultures con- 
taining C. breve followed a period of confused hyperactivity, disorien- 
tation, and contortions (curling) (10). These symptoms were not noted 
in the unialgal G. aponia cultures, where more subtle signs of death were 


The probit transformation converts a sigmoidal relationship (percent killed 
versus dose) to a linear one (prohits uersus log, dose); a probit of 5 corresponds to 
50% killed (19). 
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Table I-Unialgal and  Mixed Culture  Interactions with A. ~alima 


Percent G. Percent G. 
Initial A. salina breve aponina 


Culture G .  aponina -KD f SD' Survivingd, % Decrease Increase 
Unialgal 


U1 
UP 
US 
u4 
u5 


Mixed 
MI 
MZ 
M3 
M4 
M5 
M6 


u6 


0 
474 


1,836 
5,629 
8,637 


14,068 


0 
474 


1,836 
5,629 
8,629 


14,068 


0.161 f 0.007 
0.085 f 0.008 
0.078 f 0.007 
0.107 f 0.008 
0.122 f 0.011 
0.059 ZIZ 0.004 


2.08 f 0.09 
1.36 f 0.05 
1.87 f 0.16 
1.85 f 0.04 
2.07 f 0.14 
2.73 f 0.21 


8 
28 
40 
44 
44 
52 


0 
0 
0 
0 
0 
0 


- 
- 
- 
- 
- 
- 


+26.3 
-3.4 


-37.8 
-69.5 
-51.5 
-72.8 


- 
+484 
+958 
+365 
+295 + 167 


- 
- 
- 
- 
- 
- 


Uniayd CC: apunim) and mixed (G. aponina + C. brew, initial concentration of 1910 f 80 cells/ml) cultures, maintained at a salinity of 34% and 25 f 2 O  with continuous 
Serial dilution of log-phase cell concentrate in cells per 1C-sec flow. C Zero-order rate constant of A. salina aeration milliliters per minute) and illumination (2000 lux). 


mortality in organisms per hour. d Duration of experiment was 246 hr. 


Table  11-Effect of Crude  Aponin on A. salina Viability 


Crude Aponin Applied per 10 ml of Units of Aponin Percent G. breue K D  of A. salina Time for 100% 
Media, ml Applied" Mortality (Organismshr) Mortality, hr  


0.00 0.02 f 0.01 2.2 f 1.2 -0.20 f 0.02 113 f 45 
0.10 0.29 f 0.02 35.2 f 2.1 -0.17 f 0.02 73 f 21 
0.20 0.57 f 0.04 70.3 f 4.6 -0.19 f 0.01 77 f 13 
0.40 0.79 f 0.01 96.0 f 0.5 -0.25 f 0.03 71 f 19 
0.80 1.6b 99.2 f 1.8 -0.43 i 0.03 39 f 9 
1.0 CHC13 0.04 f 0.02 4.5 f 1.8 -0.21 f 0.03 140 f 41 


0 One aponin unit (relative) is defined ax that amount required to cause 50% mortality in G. breue culture of 2000 cells/ml: units = 2 X fraction cells killed X [cells per 
milliliter used/(2000 cells/ml)]. * Estimation based on volumetric dilution. 


noted: a slow, prolonged loss of motor-related activity associated with 
the peleopcds, which ceased a t  death. 


A third group of studies, involving crude aponin and A. salina (Table 
11), revealed two significant results. First, aponin concentrations (up to 
0.8 unit of aponin) had little adverse effect on either adults or larvae, a t  
least as indicated by the mortality constant, KD. Second, higher con- 
centrationgexhibited adverse effects. For example, the K D  for 1.6 units 
was 72% greater than the value for 0.8 unit, and the time for 100% mor- 
tality decreased by a similar amount (82%). 


Little or no aponin effect on A. salina was noted a t  concentrations less 
than 1 unit, as compared with control organisms (artificial sea water 
enriched with the B-5 supplements, and chloroform), which survived 
without loss of any individuals up to 60 hr. A. salina mortality a t  higher 
aponin levels (4 and 6 units) was observed within 24 hr. Probit analysis 
performed on percent A. salina killed after 48 hr yielded a linear relation 
and gave an apparent aponin LDm for A. salina of 2.3 units (Fig. 2). 
Larvae survived the duration of the experiment (96 hr), except a t  the 
higher doses (4 and 6 units) where none survived. Aponin produced signs 
of death similar to those described for G. aponina. 


DISCUSSION 


The present study of the short-term effect on A. salina viability of the 
cytolytic factor aponin and of G. aponina in unialgal and mixed cultures 
with the toxic dinoflagellate G. breve suggested the following: 


1. Although relatively high aponin concentrations accelerated brine 
shrimp (A. salina) mortality, these concentrations were a t  or beyond 
those levels required to  cause complete cytolysis of G. breve cells. In 
addition, test conditions were unrealistically stressful in the sense of being 
static. 


2. In unialgal cultures, the crustacea (adults and larvae) were relatively 
unaffected by the presence of, or variations in, G. aponina populations. 
In fact, G. aponina enhanced the A. solina viability, presumably due to  
grazing, as compared to control cultures. 


3. In mixed cultures with G. breue, G. aponina exerted two contrasting 
effects on A. salina viability. At high blue-green alga concentrations, 
adult and larval A. salina mortality was accelerated, a t  rates comparable 
to or greater than the mortality rates of G. breve cultures. In contrast, 
a t  lower G. aponina populations, mortality was reduced. 


The noted toxicity to A. salina of mixed G .  breoe cultures incubated 
with large numbers of G. aponina is attributed to the additional endo- 


toxin released from cytolyzed G. breve cells. Similar enhancements of 
G. breve toxicity were reported for two fish species when incubated with 
large doses (15-30 units) of aponin (2,4). However, the apparent pro- 
tective effect (increased survival) exerted by G. aponina toward A. salina 
when incubated in low populations with the dinoflagellate is more com- 
plex and not well defined. A. salina grazing on the blue-green algae was 
observed and would account for the decline in mortality rates of indi- 
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LOG, UNITS 
Figure 2-Effects of various amounts (in relative units) of crude aponin 
on the probit of percent A. salina (0) and G. breve (0) mortality after 
48 and 20 hr of incubation, respectively. Corresponding percent killed 
is given. 
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viduals observed in unialgal cultures compared to controls. Feeding in 
mixed cultures also occurred, although ingestions of G. breve cells would 
enhance mortality of A. salina individuals, as was observed when com- 
pared with unialgal systems. However, feeding might not be directlyre- 
sponsihle for the protective effect inasmuch as increases in the survival 
times of two fish species were noted when G. breue cells were incubated 
with small amounts ( < 1  unit) of aponin (4). 


The appearance of sessile G. breve forms in certain mixed cultures 
would indicat.e that their presence might be related to the increased A. 
salina survival. Little is known about the nature and toxicity of the sessile 
or “resting” G .  breue stage. In laboratory studies, high light intensities 
and spurious radiation from fluorescent lamps (161, as well as agitation 
and swirling (23). will initiate their formation. Agitation (aeration and 
periodic swirling) had no effect on G. breve viability or morphology in 
these experiments. Moreover, the fluorescent lamp cathodes were 
shielded, and illumination intensities were considerably less (2000 lux) 
than those thought to initiate sessile formation [lO,OOO lux (12)]. 


If such subtle external perturbations as those mentioned induce sessile 
formation, then other phenomena might also initiate such a change. One 
factor to consider is competition between organisms for a vital nutrient 
such as iron, which would result in rapid growth and dominance of one 
species (15). Equally important is biochemical “conditioning” of the 
medium by elaborated substances of one organism that are deleterious 
to the other. A t  low G .  aponina populations, sufficient aponin may not 
be present to cause cytolysis, hut perhaps enough is present to initiate 
a change in G. breue morphology. If, indeed, the G. breue sessile phase 
is a protective one or an intermediate of the encysted form, then it is 
reasonable that toxin release by G. breve would be reduced. Recent re- 
ports (24) demonstrated that benthic cysts of a New England red tide 
organism, Gonyaulax tarneranesis, were highly toxic to shellfish and 
crustacea. However, preliminary fish assays (5) indicated that in labo- 
ratory cultures the sessile G .  breue form exhibited less toxicity to Gam- 
busia affinis than did motile organisms of the same age and concentra- 
tion. 


CONCLUSION 


The cytolytic factor, aponin, did not adversely affect or significantly 
increase the mortality of adult and larval A. salina incubated a t  aponin 
concentrations (1 unit) that  cause G .  breve cytolysis. However, a t  ap- 
plication levels (4-6 units) considerably higher than those that might 
realistically he used for red tide control, >70% mortality was observed 
after 48 hr. 


In addition, two contrasting effects on A. salina were observed in mixed 
cultures of the dinoflagellate and the blue-green alga, G. aponina: ( a )  
survival was promoted a t  low G. aponina populations, a result of the 
presence of sessile G. breue forms; and ( b )  enhanced mortality was ob- 
served a t  high G. aponina populations, caused by toxin released from 
cytolyzed G. breue cells. Unialgal G. aponina cultures exerted no adverse 
effect on adult and larval A. salina, as compared to controls. 


Despite the obvious need for an environmentally and economically 
practical control measure for the red tide (25), it is too early to judge the 
utility of aponin without additional scrutiny of its broad biological im- 


plications. Nonetheless, these studies indicated its potential use as a 
biocontrol agent. 
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zation of 1,2-diethyl-4-pyrazolidinethiol was not depressed. The IR 
spectra of the two picrates were superimposable. 
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Abstract 0 Solutions of ampicillin, carbenicillin, methicillin, oxacillin, 
penicillin C, and cephalothin in 5% dextrose were analyzed by nick- 
el( Il)-catalyzed hydroxylaminolysis. The reactions of these antibiotics 
were complete within 20 min a t  room temperature. Under the analytical 
conditions, molar absorptivities of the ferric-hydroxamate complexes 
ranged from 830 to 1005 liters/mole/cm. Coefficients of variation for the 
analysis o f  these antibiotics in 5% dextrose were typically <3% a t  con- 
centrations of 1 mg/ml. Oxacillin was analyzed by the same method in 
normal saline and/or lactated Ringer solutions. The method also was 
applied to the analysis of chlorarnphenicol in aqueous solutions. Only 
ampicillin showed a significant decrease in concentration in 48 hr. 


Keyphrases Penicillins-analysis, colorimetry, intravenous solutions, 
dextrose, nickel(Wcata1yzed hydroxamic acid formation 0 Antibiot- 
ics-analysis, colorimetry, ampicillin, carbenicillin, methicillin, oxacillin, 
penicillin C, cephalothin, intravenous solutions, dextrose 0 Colorime- 
try-analysis, penicillins in intravenous solutions, dextrose, nickel(10- 
catalyzed hydroxamic acid formation 


Hydroxamic acid formation has been employed in the 
analysis of various carboxylic acid derivatives. Typically, 
the substrate is reacted with an alkaline hydroxylamine 
solution, acidified, and then complexed with ferric iron to 
form a reddish-violet complex. This complex absorbs in 
the 515-545-nm range with molar absorptivities near lo3 
liters/mole/cm. Esters (1-3), amides (4-6), acid chlorides 
(71, acid anhydrides (8), lactones (9), and imides (10) have 
been determined by the alkaline hydroxylaminolysis re- 
action. 


Compounds containing the P-lactam moiety, e.g., pen- 
icillins, also have been analyzed by the alkaline reaction 
(11). However, these compounds also react satisfactorily 
with hydroxylamine at  neutral pH (12, 13). Nickel(r1)- 


Table  I-Stability of the Ferric-Hydroxamate Complex in 
Methicillin-Dextrose 5% Solutions 


~~ ~ 


Neutral Nickel(l1bHydroxylamine 
Hydroxylamine Method (12) Method 
In Water, In 5% Dextrose, In Water, In 5% Dextrose, 


Time” absorbance* absorbance* absorbancec absorbanceC 
~ ~~ 


2 0.465 0.455 0.485 0.475 
5 0.450 0.400 0.480 0.475 


10 0.440 0.330 0.477 0.475 
15 0.425 0.165 0.470 0.455 
30 - - 0.463 0.455 


0 Time after mixing ferric iron reagent with the reaction mixture. Absorbance 
at 490 nm in I -cm cell. Absorbance at 520 nm in 1-cm cell. 


catalyzed hydroxylaminolysis has been applied to the 
analysis of carboxylic acids and acid hydrazides (14,15). 
This method also has been applied to cephalosporins that 
contain the P-lactam group (16). 


In this study, the stability of some penicillins and 
cephalothin was examined in solutions for intravenous 
administration. In the presence of relatively high dextrose 


’ 


concentrations (5% w/v), the neutral hydroxylamine 
method produced low color yields and color instability. 
Since the drugs were present in low concentrations, it was 
not feasible to dilute the samples to reduce the dextrose 
concentration. Consequently, the nickel(II)-catalyzed 
hydroxylaminolysis method was applied to these sys- 
tems. 


This paper reports the results on the application of the 
nickelf IIbcatalyzed method to the analysis of ampicillin, 
carbenicillin, methicillin, oxacillin, penicillin G, and 
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Table 11-Analysis of Penicillins in 6% Dextrose Solutions (n = 4) 


Molar Absorptivity Concentration Concentration cv, 
Drug - n5% extrose" Added, mg/ml Found, mg/ml 76 


Methicillin sodium 
Carbenicillin disodium 
Oxacillin sodium 
Penicillin G potassium 
Arnnicillin trihvdrate 


860 
798 


1005 
934 
916 


83 1 
79 1 
91 1 
894 
849 


1.00 
1.00 
0.84 
0.60 
1.28 


1.05 2.3 
1.01 1.1 
0.87 2.9 .. 


0.59 
1.32 


.. 


1.4 
1.9 


0 Calculated on the basis of the concentration of the sample in the final solution. Units are liters per mole per centimeter at 520 nm. 


Table 111-Analysis of Oxacillin Sodium in Other  Intravenous Fluids by Nickel(r+Catalyzed Hydroxylaminolysis 


Intravenous 
Fluid 


Apparent Molar Concentration Concentration c v, 
AbsorDtivitv". M-I cm-' Added. m d m l  Found. m d m l  96 n 


Normal saline 837 1 .00 0.95 1.6 3 
5% Dextrose in normal saline 770 0.998 1.00 2.4 4 
Lactated Ringer 778 0.998 0.98 2.2 4 
5% Dextrose in lactated Ringer 801 0.998 0.94 3.6 3 


" At 520 nm. 


cephalothin in 5% dextrose solutions. Data also are pre- 
sented on oxacillin analysis in normal saline solution, 
lactated Ringer solution, and mixtures of these solutions 
with 5% dextrose. Finally, data are presented on the ap- 
plication of this method to chloramphenicol analysis. 


EXPERIMENTAL 


Materials-Ampicillin trihydratel, carbenicillin dieodium*, methi- 
cillin sodium3, oxacillin sodium4, penicillin C potassium4, cephalothin 
sodium6, and chloramphenico16 were used as received. Hydroxylamine 
hydrochloride, nickel(1r) chloride, sodium hydroxide, hydrochloric acid, 
and ferric chloride hexahydrate were reagent grade. Dextrose solutions 
(5% w/v) were obtained commercially'. All water was double distilled in 
an all-glass system. 


The nickel-hydroxylamine reagent was prepared by dissolving 6.95 
g of hydroxylamine hydrochloride and 2.38 g of nickel chloride in 30 ml 
of  distilled water. Sodium hydroxide, 10 N, was added (-7.5 ml) to adjust 
the solution to pH 6.2 using a silver-silver chloride reference electrode. 
This solution was then quantitatively diluted with water to 50.0 ml. 


The ferric chloride reagent (0.35 M )  was prepared by dissolving 94.6 
g of ferric chloride hexahydrate in 400 ml of 0.1 N HCI. This solution was 
quantitatively transferred to a 1-liter volumetric flask with the aid of 0.1 
N HCI and was diluted to exactly 1 liter with 0.1 N HCI. The final solution 
was stored in the dark to prevent photoreduction of the ferric ion. 


Assay-Samples from the intravenous solutions containing the drug 
(2.0 or  3.0 ml) were transferred to a test tube, and sufficient water was 
added to make exactly 4.0 ml. Exactly 2.0 rnl of the nickel-hydroxylamine 
reagent was added to the samples, which were allowed to stand for 20 min 
a t  room temperature. Exactly 1.0 ml of 4 N HCI and 5.0 ml of the ferric 
chloride solution were then added. After 5 min, the absorbance was 
measured in 1-cm cells on a recording spectrophotometer a t  the appro- 
priate wavelength. An appropriate blank was prepared for all analyses. 
Concentrations were determined from calibration curves obtained from 
the analysis of standard solutions prepared in 5% dextrose solutions, 


RESULTS AND DISCUSSION 


The effect of dextrose on the stability of the ferric-hydroxamate 
complex generated by the neutral hydroxylaminolysis reaction (12,13) 
and the nickel(It)-catalyzed method on methicillin is shown in Table I. 
With the neutral reaction, absorbance decreased with time even without 
dextrose, but the decrease was far more dramatic in the presence of 5% 


I Hristol Laboratories, Syracuse, N.Y. 
I'f'izer Laboratories, New York, N.Y. 


'I Reecham Laboratories. Piscataway, N.J. 
E. R. Squibb. Princeton, N.J. 
USP reference standard, Rockville, Md. 


f Parke-Davis, Detroit, Mich. 
' McGaw Laboratories. Irvine, Calif. 


dextrose. A spectral shift toward higher wavelengths also was observed 
with time in the dextrose-containing samples. 


As shown in Table I, the color instability was less with the nickel(t0- 
catalyzed method. Minimal absorbance changes occurred within the first 
15 min after mixing. The 520-nm wavelength was chosen to minimize the 
blank absorbance values while maximizing the analytical sample ab- 
sorbance. In some cases, a gradual increase in absorbance by the blank 
was observed with time. The use of freshly prepared blanks avoided this 
problem. No shifts in wavelength maxima were observed with this 
method. The greater stability in the nickel(II)-catalyzed method was 
probably due to nickel complexation with hydroxylamine, which lessened 
its tendency to reduce ferric iron to ferrous iron. 


The nickel(lI)-catalyzed method was applied to the analysis of meth- 
icillin, carbenicillin, oxacillin, penicillin C, and ampicillin in intravenous 
solutions containing 5% dextrose. In all cases, the absorbance of the re- 
sultant ferric-hydroxamate complex was linearly related to the drug 
concentration in the reaction mixture. A typical calibration curve for 
methicillin sodium can be described by: 


absorbance (520 nm) = 0.00194 concentration (mg/ml) + 0.015 
(Eq. 1) 


In the 80-400-gg/mI range, the correlation coefficient for this line was 
0.9993. 


1 o o h  


6o t 
5 0 ~  i 10 20 30 40 50 


HOURS 


Figure 1-Ampicillin in 5% dextrose as a /unction of time as deter- 
mined by the nickel(nl-catalyzed hydroxylamine method. 
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The analyaes of the penicillins in 5% dextrose solutions are summarized 
in Table 11: 


In most cases, the apparent molar absorptivities of the ferric-hy- 
droxamate complexes were slightly lower in the 5% dextrose samples. 
Replicate determinations of 1-mg of methicillin sodium/ml samples gave 
good precision and accuracy. 


Only ampicillin in 5% dextrose showed any appreciable change in 
concentration over 48 hr a t  room temperature (Fig. 1). Samples were 
obtained a t  zero time and a t  48 hr and were analyzed by TLC. A large spot 
a t  R/ 0.65, indicative of ampicillin degradation, appeared in the 48-hr 
sample. 


Although cephalothin was previously determined by this method (16), 
a study was undertaken to determine if the method is applicable to 
cephalothin analysis in dextrose solutions. Replicate analyses of a solution 
containing cephalothin sodium (1.00 mg/ml) gave an averwe value of 1.04 
mg/ml with a coefficient of variation of 2.7%. In this study, the absorbance 
was measured a t  490 nm and the complex was stable for a t  least 15 
min. 


Oxacillin was analyzed in several other intravenous fluids with good 
precision and accuracy (Table 111). 


The nickel-catalyzed method also was applied to a chloramphenicol 
succinate sodium solution. In this case, it was necessary to heat the re- 
action for 2 hr a t  80’ to obtain an adequate color yield. Under these 
conditions, as little as 25 pg/ml could be detected. A typical calibration 
curve can be described by: 


absorbance = 0.00273 concentration (pglml) + 0.00 (Eq. 2) 


In the 25-250-pglml range, correlation coefficients for this equation were 
typically 0.999. 


Considering the extensive use of @-lactam antibiotics in intravenous 
admixtures, the nickel(II)-catalyzed hydroxylaminolysis method offers 
a rapid and reliable means of assessing antibiotic stability in numerous 
intravenous fluids. 


COMMUNiCA TIONS 
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Identification of Griseofulvic Acid as a 
Urine Metabolite of Griseofulvin in Humans 


Keyphrases o Griseofulvin-human urinary metabolite, identification, 
griseofulvic acid 0 Antifungal agents-griseofulvin, human urinary 
metabolite, identification, griseofulvic acid 0 Metabolite-of griseofulvin, 
human urine, identification, griseofulvic acid 0 Griseofulvic acid- 
metabolite of griseofulvin, human urine, identification 


To the Editor: 
Griseofulvin was introduced in 1959 as an effective oral 


antifungal agent for humans and animals. Many studies 
of griseofulvin metabolism have been reported since then. 
Investigators of griseofulvin metabolism in humans re- 
ported that almost’all of a daily griseofulvin dose was ex- 
creted as 6-desmethylgriseofulvin in the urine in 24 hr (1). 
Studies using 14C-griseofulvin and GLC showed that the 
major metabolite was 6-desmethylgriseofulvin but that the 
drug also was excreted partially as 4-desmethylgriseofulvin 
and as several other unidentified metabolites (2). Although 
these unidentified compounds represent only a small 
portion of the total drug, their identities are important in 
understanding griseofulvin metabolism. 


A simple and rapid determination of griseofulvin 
and its derivatives using reversed-phase high-pressure 
liquid chromatography was developed in this laboratory. 


Analysis of human urine samples by this method revealed 
that, in addition to 6-desmethylgriseofulvin, griseofulvic 
acid (7-chloro-4,6-dimethoxy-6’-methylgrisan-3,2’,4’- 
trione) also is a urinary griseofulvin metabolite. However, 
the reported 4-desmethylgriseofulvin was not observed in 
this study. The urinary concentration ratio of griseofulvic 
acid to 6-desmethylgriseofulvin was -1:15. 


Figure 1 shows chromatograms of urine samples ob- 
tained from a normal subject 6 hr after a 250-mg oral 
griseofulvin dose. The griseofulvin metabolites in the urine 
sample were extracted into cyclohexane-ethylene di- 
chloride (1:l) (3), and the mixture then was evaporated to 
dryness and reconstituted with the chromatographic mo- 
bile phase solvent. Figure 1A represents the direct ex- 
traction of the urine sample. Figure 1B represents the same 
sample after incubation overnight a t  37O with p-glucu- 
ronidase to hydrolyze the glucuronide conjugate prior to 
the extraction. 


The chromatograms were obtained with a reversed- 
phase column’ at  a 1.0-ml/min flow rate. The mobile phase 
was 45% acetonitrile in water (v/v), with the pH adjusted 
to 3.4 using acetic acid. The upper chromatograms repre- 
sent the response of a fluorescence detector excited at  280 
nm. The lower chromatograms represent the response of 
a UV detector a t  290 nm. The advantage of using both 


I pBondapak CIS. Waters Associates, Milford, Mass 
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Abstract 0 The structural requirements for murine P-388 leukemia 
activity in the dopamine series were investigated. Eight of the 31 analogs 
evaluated possessed reproducible antitumor activity. The ortho-aromatic 
hydroxyl groups were required for activity, but the aminoethyl aide chain 
was not crucial since this group could be replaced by methyl or amino- 
methyl groups with the retention of activity. The lack of activity of 0- 
alkylated and monosubstituted analogs suggests that o-quinone forma- 
tion may be important for activity, a possibility supported by the ob- 
served P-388 activity of 5-hydroxydopamine compared with the inactivity 
of the 6-hydroxy isomer. 


Keyphrases Pyrocatecholamine-analogs, antitumor activity, 
structure-activity relationship 0 Antitumor activity-pyrocatecholamine 
analogs, structure-activity relationship 0 Structure-activity relation- 
ship-pyrocatecholamine analogs, antitumor activity 


In a previous study of the antitumor properties of psy- 
chotropic drugs (l), dopamine (I) was found to possess 
reproducible activity against P-388 and L-1210 leukemia 
in mice. This compound had been shown earlier to be ac- 
tive against the sarcoma-180 tumor model (2), while con- 
flicting reports exist on I activity against B16 melanoma 
(1,3). Certain other catecholamine neurotransmitters and 
their precursors were reported to have cancer-related 
properties (2,443). Even catechol (9) and simple o-ami- 
nophenols (10) were reported to be antitumor active. The 
objective of this study was the establishment of the 
structural features critical to in uiuo catecholamine P-388 
leukemia antitumor activity. 


EXPERIMENTAL' 


Antitumor activity was determined as percent T/C values2, with T/C 
1125% defined as statistically significant (Table I). Dose-response 
studies were carried out for each compound according to published NCI 
protocols (11). Six mice per dose were treated intraperitoneally with 106 
P-388 leukemia cells on Day 0. Control (untreated) mice usually died 
about Day 11. Mice receiving drug were treated on Days 1-9 with intra- 
peritoneal doses of the compound under investigation. Physiological 
saline (0.9%) was the vehicle. 


Duplicate tests were carried out on each compound. When the dupli- 
cate test results did not agree (one active and one inactive test), a third 
dose-response experiment was scheduled. The mice (average weight 20 
g) were weighed on Day 5, and the weight difference between the treated 
and control mice (T - C) was taken as an indication of the dose toxicity. 
Weight losses greater than 4 g were considered excessive. 


RESULTS 


Dopamine hydrochloride activity against P-388 leukemia was recon- 
firmed (Table I). This compound was active in five of five experiments. 
L-Dopa (II), the physiological precursor to dopamine, was inactive. The 
initial part of the study focused on 0-phenethylamine analogs (111-XIV) 
of doparnine (I). N-Methyldopamine (111) retained activity. Either mono- 
or dialkylation of the phenolic hydroxyl groups (IV and V) converted 
dopamine into inactive compounds. Removal of the hydroxyl group from 


' The compounds studied were obtained from the Developmental Therapeutics 
Pro ram of the National Cancer Institute (NCI) or from commercial sources (Al- 
drict and Sigma). The P-388 lymphocytic leukemia testing was carried out at Ha- 
zleton Laboratories, Vienna, Va., under NCI Contract NOI-CM6-7007. * Percent T/C = (treated survivaVcontro1 survival) X 100. 


I 


I1 


111 


IV 


V 


VI 


VII 


VIII 


IX 


X 


XI 


XI1 


XI11 


XIV 


xv 
XVI 


XVII 


XVIII 


XIX 


xx 
XXI 


XXII 


XXIII 


XXIV 


xxv 
XXVI 


XXVII 


XXVIII 


XXIX 


xxx 
XXXI 


600-37.5 
1200-150 
600-100 
600-100 
600-100 
600-100 
600-100 
600-100 
600-100 
600-100 
600-100 
600-100 
600-50 
600-50 
400-50 
400-50 


400-50 
600-50 
600-50 
200-1.56 
200-1.56 
600-50 
600-50 


600-50 


400-50 


50-6.25 
50-6.25 


600-50 
50-6.25 
50-6.25 
4004% 
600-50 
200-50 


700-350 
700-350 
600-100 
600-100 
600-100 
600-100 
100-6.25 


200-50 


100-6.25 
600-50 
600-50 
50-3.12 
50-3.12 
400-25 
400-25 
600-50 
600-50 
60060 
600-50 
600-50 
600-50 
600-50 
600-50 
600-50 
600-50 
600-50 
600-50 
600-50 
600-50 


600 
600 
400 
600 
400 
600 
200 
100 
600 
400 
200 
200 
50 
50 
50 
50 
100 
50 
50 
50 
1.56 
1.56 
50 
100 
12.5 
25 
200 
400 
50 
25 
400 
400 
100 
50 
700 
600 
100 
100 
200 
200 
6.25 
6.25 


100 
50 
6.25 
3.12 


200 
200 
200 
100 
50 
50 
100 
100 
400 
400 
100 
50 
400 
600 
200 
600 


168 
153 
102 
109 
156 
126 
110 
108 
114 
107 
102 
101 
106 
101 
105 
100 
105 
104 
104 
104 
106 
94 
111 
106 
101 
100 
131 
129 
111 
101 
168 
153 
110 
105 
158 
144 
116 
104 
109 
105 
116 
110 
109 
103 
113 
112 
164 
133 
131 
129 
111 
104 
107 
105 
115 
111 
118 
103 
132 
126 
118 
111 


Table I-P-388 Lymphocytic Leukemia Antitumor Activity 


Optimum 
Dose Range, Dose, T/C, T - C ,  


Compound mg/kg/day mg/kg/day % g 


-1.7 
-1.6 
-0.9 
-0.5 
-0.5 
-2.8 
-2.5 
-0.7 
+0.1 
-1.5 
-0.7 
-0.1 
-1.7 
-2.2 
+0.9 
-1.9 
-3.0 
+0.1 
-1.8 
-0.9 
0.0 


+0.4 
-1.2 
-0.6 
-0.9 
-0.7 
-3.7 
-2.7 
-3.1 
-3.9 
-3.6 
-4.1 
+1.5 
-1.2 
-2.9 
-2.6 
+0.3 
-0.3 
-0.6 
-1.2 
-0.7 
-0.8 
-0.1 
+0.4 
0.0 
-0.5 
-2.7 
-2.2 
-1.4 
+0.4 
-1.8 
-3.5 
0.0 
0.0 


-1.3 
-3.8 
-0.9 
+0.5 
-2.2 
-1.4 
-0.7 
-0.8 


position 3 (tyramine, VI) also abolished activity. Neither the monosub- 
stituted analogs (VI-IX) nor unsubstituted 0-phenethylamine (X) was 
active. 
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HO-CH~CH~NH~ HO--@CH~CHNH, 
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I COOH 
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Among the four a-hydroxy compounds tested (XI-XIV), only iso- 
proterenol (XIV) was reproducibly active. dl-Norepinephrine (XI) was 
inactive; l-epinephrine was P-388 inactive in earlier NCI testing. When 
a third hydroxyl group was added to dopamine in position 6 (XV), a P- 
388-inactive material resulted. When the extra hydroxyl group was added 
to position 5, however, the resulting 3,4,5-trihydroxy-@-phenethylamine 
(XVI) was as active as I. 


The availability of benzylamine analogs of dopamine (XVIII-XXII) 
allowed evaluation of the importance of the aminoethyl side chain. 
Compound XVIII possessed good, reproducible P-388 activity. However, 
alkylation of one (XIX) or both (XX) hydroxyl groups again produced 
inactive materials. Halogens (XXI) could not be substituted for hydroxyl 
groups with retention of activity. 


Since the dopamine aminoethyl group did not appear critical for ac- 
tivity, 4-substituted catechol (pyrocatechol) analogs with simple side 
chains (XXIII-XXX) were evaluated. Replacing the aminoethyl group 
in I with either a methyl (XXIV) or an aldehyde (XXV) function pro- 
vided active compounds, but none of the four carboxyl-containing analogs 
(XXVI-XXIX) was active. Although catechol (XXIII) was inactive, 
o-aminophenol (XXX) possessed modest, but reproducible, activity. 
Gallic acid (XXXI), the carboxyl counterpart of active 5-hydroxydo- 
pamine (XVI), was inactive. The high optimal doses observed for most 
active compounds in this series were indicative of their relative nontox- 
icity. 


DISCUSSION 


Eight of the 31 compounds evaluated possessed reproducible activity 
against P-388 leukemia. These compounds (I, 111, XIV, XVI, XVIIJ, 
XXIV, XXV, and XXX) are o-dihydroxybenzene (catechol) derivatives 


phenethyiamine 
analogs 


I 
111 
IV 
V 


V1 
VII 


VIII 
IX 
X 


XI1 
XI11 
XIV 


xr 


OH 
OH 
OCH3 
OCH3 
H 
H 
H 
H 
H 
OH 
H 
OH 
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H 
H 
H 
H 
H 
H 
H 
H 
H 
OH 
OH 
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H 
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H 
H 
H 
H 
H 
H 
H 
H 
H 
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HCl 


HC1 
HCl 


- 


- 
- 
HCI 


HCl 
HCl 
HC1 


- 
- 


XV XVI 


t 
CH2CH,NH3 


"1 - 


benzylamine 
salt - - analogs Ri R2 


OCHl OCHB 


and analogs. While the lead compound, dopamine, is a neurotransmitter, 
this physiological property may be related only coincidentally to P-388 
activity since the analogous aminomethyl (XVIII) and methyl (XXIV) 
compounds also are active. 


The fact that alkylation of one or both hydroxyl groups converts active 
compounds into inactive ones (I, IV, and V; XVIII, XIX, and XX) 
suggests that biological oxidation to ortho-quinones may be related to 
the observed antitumor activity. Studies of the oxidative pathways of 
brain catecholamines and the chemical reactivity of their oxidation 
products are consistent with this speculation. Tse et al. (12) showed that 
dopamine o-quinone was exceptionally reactive toward nucleophilic at- 
tack by cysteine or glutathione sulfhydryl groups. These reactions oc- 
curred 1@ times faster than intramolecular cyclization by the aminoethyl 
side chain. Graham et al. (13, 14) studied the oxidation of dopamine, 
epinephrine, and norepinephrine and found dopamine to be the most 
easily autoxidized hut the slowest to undergo intramolecular cyclization, 
thus giving it an opportunity to react with external nucleophiles. 


Quinones as catechol oxidation products also have been suggested as 
biologically reactive intermediates (4,8,10,15-20). Many of them studies 
were concerned with the elucidation of relationships existing between 
catecholamine oxidation products and malignant melanoma or neuro- 
blasioma. While quinone-sulfhydryl interactions are studied most 
commonly, catecholamines also have been observed to cause DNA breaks 
(2), to inhibitprolactin secretion (41, and to be involved in the production 
of cytotoxic hydrogen peroxide and superoxide or hydroxyl radicals (14, 
21,221. A number of o-quinones tested by NCI were cytotoxic in uitro 
against KB cells (23). Several of these compounds possessed in uiuo 
sarcoma 180 or Walker 256 activity. Furthermore, quinoid formation may 
possibly play a role in the P-388 activity of the polyhydroxypyridines 
(24). 


The results indicate that within the series of compounds studied (a )  
o-hydroxyl groups are required for activity; ( b )  N-methylation (111) of 
dopamine does not abolish activity but 0-methylation (IV and V) does; 
(c) the aminoethyl side chain is not crucial for activity; ( d )  isoproterenol 
(XIV), but not epinephrine or norepinephrine, is active; ( e )  catechol is 
not active, but the 4-methyl analog (XXIV), a depigmenting agent which 
was used previously as a model compound in catechol oxidation (12) and 
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antimelanoma studies (25,26), possesses activity; and (f) no carboxyl- 
containing catechol is active. 


The data from the testing of the trihydroxyphenethylaines (XV and 
XVI) indicate that it may be important to restrict potential quinone 
formation possibilities to only an o-quinoid structure. The P-388-inactive 
neurotoxin, 6-hydroxydopamine (XV), when oxidized, can form either 
an 0- or a p-quinone. When given this choice, quinones in general and 
XV in particular (13) form hydroxy-p-quinones, which weakly react with 
sulfhydryl groups (17). The other trihydroxy compound studied, 5- 
hydroxydopamine (XVI), can form only an o-quinone. It has good P-388 
activity. Therefore, one would expect that 2-hydroxydopamine, the 
perdemethyl analog of XVII, should have P-388 activity. Studies are in 
progress to determine further structure-activity relationships among 
polyhydroxy derivatives of benzene and pyridine. 
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Adsorption of Antineoplastic Drugs to 
Polyalkylcyanoacrylate Nanoparticles and Their 
Release in Calf Serum 
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Abstract Conditions are described for attaching anticancer drugs to 
polyalkylcyanoacrylate nanoparticles, a new drug delivery system for cells 
that exhibit endocytic uptake. They are ultrafine, metabolizable, and able 
to associate with various drugs in a nonspecific manner. Data are given 
for the in uitro degradation and for drug release from this new drug carrier 
system. 


Keyphrases Polyalkylcyanoacrylate nanoparticles-adsorption and 
release of dactinomycin and methotrexate, liberation kinetics, controlled 
release Dactinomycin-controlled-release dosage forms, polyalkyl- 
cyanoacrylate nanoparticles, adsorption and release kinetics Metho- 
trexate-controlled-release dosage forms, polyal kylcyanoacrylate nan- 
oparticles, adsorption and release kinetics 0 Dosage forms, controlled 
release-polyalkylcyanoacrylate nanoparticles, adsorption and release 
of dactinomycin and methotrexate 


Entrapment of cytotoxic drugs inside endocytizable 
carriers such as liposomes improves drug specificity and 
reduces toxicity toward nondiseased cells (1,2). Work in 
this field has resulted in the development of polyacryl- 
amide nanocapsules (3,4). Polyacrylamide nanocapsules 


also may be useful in promoting cellular uptake via en- 
docytosis for compounds that do not gain access to lyso- 
somes (5) .  


Due to their polymeric nature, these small capsules 
(diameter of -200 nm) may be more stable than liposomes 
in biological fluids and during storage (6-9). Furthermore, 
they can entrap various molecules in a stable and repro- 
ducible way (3, 5) .  However, this new lysosomotropic 
carrier is unlikely to be digested by lysosomal enzymes, 
which may restrict its clinical use. With these consider- 
ations, biodegradable nanoparticles made by polymer- 
ization of various alkylcyanoacrylate monomers were de- 
veloped recently (10, ll). Similar polymers are used in 
surgery as sutures and adhesive agents (12,13). 


This paper describes techniques for attaching two 
cytostatic drugs to these polyalkylcyanoacrylate particles. 
Data concerning the degradability of these nanoparticles 
and drug liberation from this new intracellular formulation 
(14) are presented also. 
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Automated Analysis of Chlorthalidone 
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Abstract  0 Chlorthalidone inhibition of the enzymatic hydrolysis rate 
o f  p-nitrophenyl acetate by bovine erythrocyte carbonic anhydrase was 
used as a basis for chlorthalidone determination in plasma and urine. For 
urinary samples, a completely automated, continuous flow system was 
developed to extract the samples and perform the enzymatic reaction. 
Over 100 samples per day could be assayed hy one person. The assay had 
a sensitivity of 0.5 pg/ml and thus could determine urinary concentrations 
after a therapeutic chlorthalidone dose. T o  determine plasma concen- 
trations after a therapeutic dose, a manual extraction procedure was used 
in combination with a second continuous flow system for the enzymatic 
reaction. This system was optimized to detect the lowest chlorthalidone 
concentration allowed by the enzymatic inhibition constant and could 
detect 25 ng/ml. 


Keyphrases 0 Chlorthalidone-analysis, automated, plasma and urine, 
carbonic anhydrase inhibition, humans 0 Diuretic agents-chlorthali- 
done, automated analysis, plasma and urine, carbonic anhydrase inhi- 
hition, humans Automated analysis-chlorthalidone, plasma and 
urine, carbonic anhydrase inhibition, humans 


Previously (l), a method was described in which urinary 
chlorthalidone was determined by measuring the amount 
of inhibition of carbonic anhydrase caused by the chlor- 
thalidone. This method was partially automated; the 
chlorthalidone extraction from the urine was done man- 
ually, but the inhibition measurement was automated 
using continuous flow equipment'. The present paper 
describes a completely automated method by which one 
person can analyze over 100 urinary samples per day. 


Additionally, a partially automated method for plasma 
sample analysis is described. Since plasma chlorthalidone 
concentrations after a therapeutic dose (2) are lower than 
urinary concentrations (l), a method for plasma requires 
a greater sensitivity than a method for urinary samples. 
Neither the previous method (1) for urinary chlorthalidone 
nor the fully automated method described here have suf- 
ficient sensitivity for plasma analysis; however, a manual 
extraction procedure combined with an optimized auto- 
mated system for the enzymatic reaction was sensitive 
enough for plasma analysis after therapeutic doses. 


EXPERIMENTAL 


Reagents for  Automated Analysis System-The buffer was 0.1 M 
tromethamine2, pH 8.0. The enzyme solution contained 40 mg of bovine 
erythrocyte carbonic anhydrase*/liter of buffer plus 0.1% surfactantg. 
The substrate solution was 2.0 mM p-nitrophenyl acetate2 in polyeth- 
ylene glycol ZOO4. The butanol5 was saturated by shaking five volumes 
of it with two volumes of glass-distilled, deionized water. Solutions of 0.01 
N NaOH5 and 0.1 N HC15 were used. 


Chlorthalidone Standards-A lOO-pg/rnl stock solution was pre- 
pared by dissolving 10.0 mg of chlorthalidone6 in 10.0 ml of dioxane' and 
diluting to 100 ml with huffer. For urinary standards, the stock solution 


AutoAnalvzer, Technicon Industrial Systems. Tarrvtown. N.Y. 
2 Sigma Chemical Co., St. Louis, Mo. 
3 Triton X-405, Rohm and Haas Co., Philadelphia, Pa 
4 J .  T. Baker Chemical Co.. PhilliDsburg. N.J. 


Fisher Scientific Co., Pittsburgh, Pa. . 
8 USV Pharmaceutical Corp., Tuckahoe, N.Y. 
7 Mallinckrodt, St. Louis, Mo. 


was diluted volumetrically with normal human urine to concentrations 
of'0.5, 1.0,2.5,4.0,5.0,6.0, and 7.5 pg/ml. For plasma standards, the stock 
solution was diluted with control plasmas to concentrations of 0.05,0.10, 
0.15, 0.20, and 0.25 pg/ml. The standards were extracted by the same 
procedures as were used for the unknown samples. 


Automated Procedure fo r  Urine Samples-Figure 1 is a diagram 
of the continuous flow system9J0 for urinary chlorthalidone for extraction 
and analysis. Absorbance chart paper was used for the recorder. The 
spectrophotometer was used in the inverse mode in which decreases in 
absorbance are recorded as positive differences on the chart paper. In 
this mode, the baseline was set to zero with all reagents pumped through 
their respective lines and the huffer pumped through the sample line. 
Substrate solution was kept in an ice bath. The standard calibration of 
the spectrophotometer was adjusted so that  a 5.0-pg/ml standard 
chlorthalidone sample gave a reading of 50 absorbance units. 


Samples were assayed using a 40hr cam with a 3:l sample-wash ratio. 
After each 15 samples, the baseline was checked using a buffer sample, 
and the calibration point was checked using a 5.0-pglml standard. For 
unknown samples, the absorbance units were read directly off the chart 
and divided by 10 to obtain the chlorthalidone concentration. Samples 
heyond the linear range, >60 ahsorbance units, were diluted and reas- 
sayed. 


Automated Procedure for Plasma Samples-The continuous flow 
systemgJ1 in Fig. 2 was used for plasma samples because it diluted sam- 
ples less and thus was able to measure lower chlorthalidone concentra- 
tions. The spectrophotometer was used in the direct mode. The baseline 
was adjusted to zero with the buffer pumped through the sample and 
enzyme lines and the other reagents pumped through their respective 
lines. The enzyme line was switched to the enzyme solution. 


After the large increase in absorhance was recorded, indicating that 
the enzyme solution had traversed the entire system, the standard cali- 
bration of the spectrophotometer was adjusted so that the enzymatic 
haseline was between 50 and 60 relative absorbance units ( R A )  on the 
chart. After the enzymatic baseline was established, the sampler was 
started, and the inhibition of carbonic anhydrase by the samples was 
determined by measuring the decrease in relative absorbance ( A R A ) .  
Standards were run before and after every 15 unknown samples. The 
chlorthalidone concentrations of the unknown samples were calculated 
lrom a standard ARA uersus concentration curve. 


Plasma and urine samples introduced to the carbonic anhydrase and 
p-nitrophenyl acetate reaction decreased the rate of p-nitrophenol 
formed, which decreased the absorbance a t  400 nm. In the system for 
urine samples, these decreases were translated into positive recorder 
deflections by using the spectrophotometer in the inverse mode. T o  
minimize plasma sample dilution, the spectrophotometer was used in 


Table  I-Chlorthalidone Standards in Plasma 


C hlorthalidone 
Concentration. n d m l  ARA. Mean f SDa 


0 
50 


100 
150 
200 
250 
300 


0.2 f 0.6 
6.3 f 1.3 


11.5 f 0.4 
15.9 f 0.8 
20.7 f 2.5 
23.5 f 2.0 
28.1 f 0.8 


a Quadruplicate samples were extracted from plasma and analyzed. 


~~ 


8 Monitrol, American Hospital Supply Corp., Miami, Fla. 
AutoAnalyzer 11, sampler IV, proportioning pump Ill, UV spectrophotometer, 


I" AutoAnalyzer heating bath with 40-ft coil, Technicon Industrial Systems, 
and recorder, Technicon Industrial Systems, Tarrytown, N.Y. 


Tarrytown, N.Y. 
GCA circulating system, Precision Scientific, Chicago, Ill. 
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Figure I-Continuous flow system for urinary chlorthalidone analysis. 


the direct mode in which the decreases in absorbance ( A R A )  were re- 
corded as shown in Fig. 3. 


Extraction Procedure-Plasma was prepared hy centrifugation from 
hlood containing either citrate' or oxalate as an anticoagulant. Plasma, 
1.0 ml, was mixed with 5.0 ml of 0.04 M stdium tungstate7 in 0.09 M HC15 
and extracted twice with 5.0 ml of ether5. The ether extracts were com- 


Table  11-Analysis of Clinical Urinary Samples Containing 
Chlorthalidone 


Chlorthalidone Concentration, pg/ml 
Partially Automated Fully Automated 


Sample Method (1) Method 


17 6.96 6.36 
25 4.97 4.93 
36 3.51 3.52 
44 4.50 3.95 
52 5.15 5.07 
63 11.76 11.70 
71 6.67 6.13 
I8 3.22 3.52 
90 13.98 13.40 
98 3.92 3.57 


* Inner Diameter (5) 


of Silicone Pump T u b e s  


lined, and the chlorthalidone was hack-extracted with 2.0 ml of 0.1 M 
NnOHs. 


The phases were separated, and the aqueous phase was neutralized 
with 2.0 ml of 0.1 M HCI, buffered with 2.0 ml of 0.1 M tromethamine2 
(pH KO),  and extracted twice with 5.0 ml of ether. The ether extracts were 
combined and evaporated to dryness, and the residue was dissolved in 
2.0 ml of buffer. 


RESULTS 


S tanda rd  Curves-The response of the automated system for urine 
samples to a series of standard chlorthalidone concentrations in urine 
was linear up to  6.0 pg/ml. Between 6.0 and 10.0 pg/rnl, the response was 
a nonlinear function of the concentration. Linear regression analysis of 
urine standards from 0 to 6.0 pg/ml, analyzed 16 times over 2 days, yielded 
a regression coefficient of r = 0.999 and a standard error in chlorthalidone 
concentration of f0.12 pglml. 


Figure 3 shows the response of the system for plasma samples to a series 
of'chlorthalidone standards after extraction from plasma. A plot of M A  
uersus chlorthalidone concentration yielded a function that was slightly 
curved, a phenomenon that had been ohserved earlier (1). In Tahle I, the 
mean and standard deviation values are reported for a series of quadru- 
plicate standards extracted from plasma and analyzed. The sensitivity 
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Figure 2-Continuous flow system for plasma chlorthulidone analysis. 


of the assay was -25 ng/ml. The extraction procedure efficiency was 
5&55% throughout the concentration range. 


Clinical Samples-Urinary samples from a suhject who had received 
a therapeutic chlorthalidone dose were analyzed by the previous reported 
method (1) and by the fully automated procedure described here. Table 
I 1  shows that both procedures yielded the same results within experi- 
mental error. Plasma samples from subjects who had received 100-mg 
tablets were analyzed, and the concentration-time curves were similar 
to those obtained by other authors (2 .3)  who used CLC methods. 


DISCUSSION 


Using the fully automated system for urinary samples, one person could 
analyze 100 or more unknown samples a day. The assay specificity was 
discussed previously (1). Unknown samples were assayed by both 
methods, and the results were the same within experimental error. The 
methcd is reproducible ( f 0 . 1 2  pg/ml) and is sensitive enough to deter- 
mine chlorthalidone concentrations after a therapeutic dose (1). Because 
of these factors, especially speed, this automated method appears to be 
ideally suited for the analysis of a large number of samples, as would be 
encountered in a clinical bioavailability or bioequivalency study. 


An assay for plasma samples needs to he more sensitive than one for 
urinary samples because plasma chlorthalidone concentrations after a 
therapeutic dose are lower than urinary concentrations (2 ,3) .  Since this 
assay depends on carbonic anhydrase inhibition by chlorthalidone, the . 
ultimate sensitivity of the method is dependent on the inhibition con- 
stant, K ,  = 3 X M (4). Thus, a 10% decrease in enzymatic velocity 
(a detectable decrease) would be observed with a chlorthalidone con- 
centration of 3.3 X 


To obtain this maximum sensitivity, the continuous flow system shown 
in Fig. 2 was designed to  minimize sample dilution between the sampler 
and the substrate addition that starts the reaction. This optimization was 
discussed in detail previously (5). From the inhibitor concentration a t  
10% inhibition (110 = 3.3 X 10-8M). the chlorthalidone molecular weight 
(339 g/mole), the dilution in the continuous flow system (0.60 ml sam- 


M in the reaction mixture. 


pIe/1.15 ml total), and the extraction efficiency (0.55), an approximate 
sensitivity of 38 ng/ml was calculated: 


339 g/mole x 3.8 x 10-8 M 
(O.Wl.15) X 0.55 


sensitivity = = 38 ng/ml (Eq. 1 )  


The experimental limit as estimated from Table I is 25 ng/ml, probably 
a result of detecting less than a 10% change in enzymatic velocity. Au- 
tomation of the extraction procedure for plasma samples was considered 
but is prohahly not possihle since continuous flow system mechanics 
involve sampling only part of a desired phase, which would result in lower 
recovery, greater dilution, and loss of the necessary sensitivity. 


AQUEOUS STANDARDS 4SAVED STANDLRW AFTER EXTRACTION 
FROU PLASLIA DlRECfLI 


70 


Id LT 101 


OJ ' . 
0 60 150 250 0 50 150 260 


CHLORTHALIDONE CONCENTRATION, nglml 


Figure 3-Typical recording from standard samples analyzed on the 
continuous flow system (Fig. 2) .  7he samples on the felt were extracted 
from plasma, us described in the text,  beforc. introduction into the sys- 
tem. The samples on the right were prepared as known chlorthalidone 
concentrations in buffer for sampling by the system. 
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For clinical studies, especially hioavailahility or hioequivalency studies, 
collect ion and analysis ot‘urine samples rather than plasma samples may 
he prel‘erahle (6). The distribution of chlorthalidone between plasma and 
erythrocytes is not instantaneous, so it is difficult to obtain a blood sample 
and to prepare the plasma quickly enough so that the determined 
chlorthalidone concentration is the same as the plasma concentration 
in rirw (7). The analysis of urinary samples can he accomplished rapidly 
with the fully automated system. 
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Abstract  0 Hydrogel films were prepared from hydroxyethyl methac- 
rylatc. hoth with (Film 11) and without (Film I) 5.25 mole % of ethylene 
glycol dimethacrylate. Permeation, diffusion, and partition coefficients 
I’or progesterone, testosterone, nandrolone, norethindrone, l7a-hy- 
ctroxyprogesterone. estradiol, and hydrocortisone were determined. A 
~ h t e  permeation model was proposed hased on the separation’of a do- 
main (H)  cornposed of “hulk-like” water and a domain (A) composed of 
polymer, interfacial water, and bound water present in the films. The 
separate contrihutions from the “pore” and “solution-diffusion” 
mechanisms to the total permeability were calculated from the model. 
Steroid permeabilities through Films I and I1 were analyzed in accordance 
with this model. Permeation of Film I1 occurred oia the solution-diffusion 
mechanism. Permeation of Film I occurred predominately by the pore 
mechanism with a small contrihntion (-20%) from the solution-diffusion 
inrchaniam. The latter contribution was dependent on the solubility of 
1 he solute within the A domains of the hydrogel film. Functional group 
contritwtions to permeation of Film I 1  were ascribed to either steric or 
hydrogen bonding effects. 


Keyphrases Progesterone-permeation through hydrogel films, 
models, structure-activity relationships, steroids 0 Hydrogel films- 
progesterone permeation, structure-activity relationships, steroids, 
models Structure-activity relationships-steroid permeation through 
hydrogel films Models-steroid permeation through hydrogel films 


In previous reports from this laboratory (1,2), the per- 
meation mechanisms of a model hydrophobic drug, pro- 
gesterone, through poly(hydroxyalky1 methacrylate) films 
were examined. The importance of film hydration was 
emphasized. Similar conclusions were drawn by others 
(3-5) for hydrophilic solute permeation through hydrogel 
films. Several investigators (2, 4, 5) indicated that, de- 
pending on the hydrogel composition, either a “pore” or 
a “solution-diffusion” mechanism may dominate perme- 
ation. For polymers prepared from various comonomers 


or from hydroxyethyl methacrylate without added cross- 
linking agents, the pore mechanism dominates. A t  high 
concentrations of the cross-linking agent, ethylene glycol 
dimethacrylate and possibly tetraethylene glycol di- 
methacrylate, the solution-diffusion mechanism appears 
to dominate permeation. These results were found for both 
hydrophobic (2) and hydrophilic (4,5) solutes. 


These conclusions are tenuous without further investi- 
gation. One problem is the partition coefficient reported 
for the hydrophobic solute progesterone (2). This value, 
which is >loo, appears to be inconsistent with a pore 
mechanism in which transport presumably occurs within 
water-filled pores or microchannels present in the film. For 
permeation within these channels, partition coefficients 
close to one are expected. Hydrophilic solutes in hydrogels 
generally exhibit partition coefficients close to this value 
(6). 


For this reason, the permeation mechanism of hydro- 
phobic solutes through hydrogel films was examined in 
greater detail. The permeation characteristics for several 
steroids that have systematic structural differences were 
determined in films prepared from hydroxyethyl meth- 
acrylate, both with and without 5.25 mole % of ethylene 
glycol dimethacrylate as a cross-linking agent. The results 
substantiate previous conclusions concerning the two 
mechanisms for solute permeation in hydrogel films, 
provide an explanation for the proposed pore-type per- 
meation mechanism for solutes having high hydrogel- 
water partition coefficients, and demonstrate the effects 
of steroid structural differences on permeation rates 
through hydrogel films. 
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A PLEA FOR FDA STABILITY 


Kings, popes, and presidents come and go with the passing of time. I t  should 
not be strange, therefore, tha t  the same is true of Food and Drug Administration 
Commissioners. 


Nevertheless, the departure of the last several FDA Commissioners has seemed 
to us to have come too soon, too abruptly, and all too unexpectedly. Indeed, each 
of them seems to have little more than arrived, got settled in office, established an 
operating style, developed a rapport with the health professions and the regulated 
industry, when “poof!”-they were gone from office! 


Our editorial comments in the November 1976 issue were written on the occasion 
of the previous Commissioner’s (Alexander M. Schmidt) departure. Under the 
column heading “Passing the Baton a t  FDA,” we recounted the strengths, weak- 
nesses, and operating styles of the succession of modern era FDA Commissioners 
beginning with the celebrated James L. Goddard, the first noncareer official to  
ascend to the office in the agency’s history. We concluded on a plaintive note that 
what the agency most needed at tha t  point was “someone a t  the helm ‘who can get 
it all together!’ ” 


Well, whoever the  Almighty has in charge of answering such prayers evidently 
heard our plea, with the rather unexpected and unlikely selection of an  academic 
research biologist in the person of Ph.D., Donald Kennedy. 


The initial Washington reaction to this choice was that the primary qualification 
possessed by Dr. Kennedy was that he was virtually unknown to the respective 
Washington political, scientific, and health communities, and therefore no one had 
a significant basis for mounting opposition to his appointment. Given the operating 
process in this politically sensitive city, there was much logic to this line of rea- 
soning. 


But it was no time a t  all until Dr. Kennedy had demonstrated himself to be a very 
energetic, articulate, and personable individual, as  well as  one with a quick mind 
and the intellectual ability to grasp the peculiar facets of FDA’s regulatory re- 
sponsibilities and the difficult policy issues with which it was grappling. After his 
two years in office, there is almost a universal consensus that he proved to be a very 
able Commissioner. 


Moreover, if we were to single out one special achievement that he made, we would 
cite his “humanization” of FDA. He met with countless groups, engaging them in 
the most lively and informal discussion and inspiring such a feeling of openness and 
credibility that he came to be nicknamed “The Visible Commissioner.” 


So, his announcement tha t  he would be resigning in late June  to  return to  Stan- 
ford University as Provost and Vice-president for Academic Affairs was met with 
widespread disappointment. In discussing his resignation with the press, it  is re- 
ported tha t  the timing of his decision was at least in part due to the Ethics in Gov- 
ernment Act. This is a new federal statute tha t  becomes effective July 1,1979. The 
Act is designed to restrict former federal employees in their postemployment 
contacts with their former agencies. The objective is to prevent even the appearance 
of conflict-of-interest or other undue influence. I t  is this Ethics in Government Act 
that has led to a whole rash of other recent resignations from federal office, par- 
ticularly within the Department of HEW. 


In discussing the impact of this new law on personnel recruiting efforts, an HEW 
representative recently stated that it has become much more difficult to find people 
011  the outside who are willing to fi l l  these high level vacancies. The  pay scale for 
such positions is generally helow that of comparahle levels in the private sector; 
 he security is tenuously tied to the timtunes of the elected Administration; and now 
I he Ethics Act will prevent such people I’rom easily returning to employment where 
their knowledge, skills, and experience would be most suited. Both Dr. Schmidt 
and Dr. Kennedy had simply taken leaves of absence to serve in FDA, which made 
it readily convenient for them to return t o  their respective academic institutions 
a t  such time as they felt the situation might dictate. The HEW representative went 
on to state that this effect of much greater difficulty in recruiting qualified outside 
persons would probably necessitate substantially more appointments from within 
the present career staff of the respective agencies. 


Our first reaction is tha t  such an outcome would be unfortunate because it de- 
prives the agency of new thinking, fresh ideas, and the broadest choice of qualified 
people from which to select. However, there is another likely result that  would 
generally be beneficial. In short, people will be far less inclined to  bounce in and 
out of high level federal positions, for the simple reason that there will be little place 
for them to bounce to-at least for one year. 


If this result contributes to greater stability in the FDA Commissionership, it  
will a t  least constitute one very significant compensating feature-one tha t  our 
experience over the past decade has taught us to  value. 
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Abstract  0 Aspirin and four salicylate impurities of aspirin (salicylic 
acid, acetylsalicylsalicylic acid, acetylsalicylic anhydride, and salicyl- 
salicylic acid) were resolved by silica gel TLC and by high-pressure liquid 
chromatography (HPLC) on a reversed-phase CIS column. Care was 
necessary in the choice of a column because a similar column failed to 
resolve these five compounds. Salicylsalicylic acid was isolated from as- 
pirin tablets by extraction, followed by reversed-phase CIS HPLC. The 
structure of this compound was confirmed by comparison with an au- 
thentic sample of salicylsalicylic acid by HPLC, TLC, IR and UV spec- 
trophotometry, and mass spectrometry. Two other compounds, acetyl- 
salicylic anhydride and acetylsalicylsalicylic acid, which had been pre- 
viously identified by chromatography as impurities in aspirin, were iso- 
lated and further characterized. 


Keyphrases 0 Aspirin-impurities in tablets, salicylsalicylic acid, 
acetylsalicylsalicylic acid, acetylsalicylic anhydride, isolation by ex- 
traction and high-pressure liquid chromatography 0 Aspirin, deriva- 
tives-isolated as impurities from tablets, extraction, high-pressure liquid 
chromatography 0 Analgesics-aspirin, isolation of derivatives from 
tablets, extraction, high-pressure liquid chromatography o High-pressure 
liquid chromatography-analysis, aspirin derivatives in tablets 


In recent years, two salicylate derivatives, acetylsalicylic 
anhydride (I) (1) and acetylsalicylsalicylic acid (11) (2), 
have been detected as impurities in aspirin tablets. These 
two compounds were reported (1 ,3 ,4)  to be immunogenic 
substances capable of inducing the formation of acetyl- 
salicyloyl- or salicyloyl-specific antibodies. According to 
these reports, allergic reactions to commercial aspirin 
preparations are due to these antibodies and, therefore, 
are caused by the aspirin impurities rather than by aspirin 
itself'. The clinical significance of these in uiuo findings 
has been disputed (6). Demonstration of the potential 
immunogenic activity of these salicylate derivatives has 
emphasized the significance of their presence in pharma- 
ceutical aspirin preparations even a t  low concentrations. 
Two papers (7,8) reported the use of high-pressure liquid 
chromatography (HPLC) in the determination of salicylic 
acid, I, and I1 in aspirin. 


A third salicylate derivative, salicylsalicylic acid (III), 
was found to undergo aminolysis to N-salicyloyl deriva- 
tives by reaction with amino acids (4) and to be an inter- 
mediate in the aminolysis of 11, an alleged immunogenic 
agent (3). In uiuo tests demonstrated the immunogenicity 
of 1-111 in guinea pigs (4). Although Bundgaard and 
DeWeck (4) did not find I11 in various aspirin samples, 111 
was detected in most of the commercial aspirin tablets 
analyzed by HPLC in the present studies. 


This paper reports the detection and identification of 
I11 as an impurity in aspirin and aspirin tablets. Methods 
for separation of aspirin and four salicylate impurities by 


I An alternative theory is that aspirin itself is responsible for the formation of 
an antigenic determinant by initially undergoing an intramolecular rearrangement 
LO a mixed anhydride, which, in turn, reacts with a protein amino function (5). 


0 0 


I 


&OH 


I1 111 
TLC and HPLC are described. The isolation of 1-111 from 
aspirin tablets by extraction and HPLC and the possible 
confusion of I11 with I in reversed-phase HPLC are dis- 
cussed. 


EXPERIMENTAL 
Instruments-All samples for IR spectral analysis were prepared as 


potassium bromide pellets, and the spectra were recorded on a grating 
IR spectrophotometer2. Melting points were taken in a capillary melt- 
ing-point apparatus3 and are uncorrected. NMR spectra were recorded 
on a 60-MHz spectrometer4 with tetramethylsilane as an internal refer- 
ence standard. UV spectra were recorded on a double-beam UV-visible 
~pectrophotometer~. A high-pressure liquid chromatograph6 with a UV 
detector set at 254 nm was used. 


Reagents and  Chemicals-Acetylsalicylic anhydride was synthesized 
according to a literature procedure (9). Recrystallization (95% ethanol) 
provided a white crystalline solid, mp 83.5-84.~5~; I R  v 1790, 1765, and 
1730 cm-' (ester and anhydride carbonyl stretching frequencies), iden- 
tical to a published I spectrum (10); NMR (CDCIs): 6 8.05 (d of d, J = 7.5 
and 2 Hz, 2H, protons ortho to each anhydride carbonyl), 7.83-7.02 (m, 
6H, aromatic protons other than the protons ortho to the anhydride 
carbonyl), and 2.27 (s,6H, methyl protons). This compound is referred 
to throughout as reference standard I. 


Acetylsalicylsalicylic acid was prepared by acetylation of salicylsalicylic 
acid7 with acetic anhydride in cold aqueous sodium hydroxide according 
to a literature procedure (1 1). Recrystallization (twice) from aqueous 
ethanol (charcoal) gave white crystals, mp 163.5-164.5'; IR: Y 1748 with 
a shoulder a t  1752 (two ester carbonyl stretching frequencies) and 1690 
(acid carbonyl stretching frequency) cm-'; NMR (CDaOD): 6 8.36-7.84 
(m, 2H, aromatic protons ortho to the carbonyl groups), 7.84-7.02 (m, 
6H, aromatic protons other than those ortho to the carbonyl groups), and 
2.22 (s, 3H, methyl protons). This compound is referred to throughout 
as reference standard 11. 


* Model 337, Perkin-Elmer Corp., Norwalk, Conn. 
Thomas-Hoover, Arthur H. Thomas Co., Philadelphia, Pa. 
Model T-60A. Varian Associates, Palo Alto, Calif. 
Cary model 219, Varian Associates, Palo Alto, Calif. 
Chromatronix model 35008, Spectra-Physics, Santa Clara, Calif. 
K & K Laboratories, Plainview, N.Y. 
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Acetylsalicylic acids, salicylic acids, salicylsalicylic acid', and meth- 
ylacetylsalicylate~ were used as ohtained. Glass-distilled benzenelo, 
methanol'l, and cyclohexane" were used. All other chemicals and re- 
agents were LISP, ACS, or chromatographic grade. Deionized water was 
used for preparation of aqueous solutions. 


Phosphate buffer (0.5 M, pH 8) was prepared from 2 N NaOH (120 ml), 
monobasic potassium phosphate (34 g), and water (to 500 ml). Phosphate 
huffer (0.5 M, pH 11.3) was prepared from 2 N NaOH (380 ml), mono- 
basic potassium phosphate (68 g), and water (to 1000 ml). 


tr-Benzamidocinnamate-pyridine reagent, used in the spectrophoto- 
metric analysis of I, was prepared according to Bundgaard and Bund- 
gaard (9). Sodium n-benzamidocinnamate was synthesized by the fol- 
lowing route: henzaldehyde t hippuric acid - 4-benzylidene-2-phen- 
yloxazoline-5-one (12) - tu-benzamidocinnamic acid (12) --t sodium 
tr-henzamidocinnamate (9). 


HPLC Parameters-The analytical HPLC system was operated with 
a flow rate nf 1.6 ml/min and a chart speed of 30.48 cm (12 in.)/hr. The 
mobile phase was prepared by adding 12.5 ml of acetic acid to 450 ml of 
water and diluting with methanol to 1000 ml. This solvent mixture was 
filtered through a 0.6-flm filter12 before use. Two different analytical 
reversed-phase Clt, columns, A'" and B14, were used. 


For the isolation of aspirin impurities, a semipreparative HPLC system 
was used with the following parameters: an 8-mm (i.d.) X 250-mm 
(length) stainless steel column packed with a reversed-phase CIS sta- 
tionary phaseIs; a I -ml loop injector; a chart speed of 30.48 cm/hr; a flow 
rate of 7 ml/min; and a mobile phase of acetic acid (11.5 ml), water (540 
ml) ,  and methanol (to 1000 ml). 


Qualitative TLC-A single T1,C system, one that has been employed 
siiccesslully in separating I from aspirin (1, 13), separated aspirin and 
its lour salicylate impurities. Samples were spotted on silica gel plates 
containing a fluorescent indicatoP and developed in 2-butanone-cy- 
clohexane (1:1) by ascending chromatography. Due to the instability of 
I on silica gel, the chromatogram was developed immediately after this 
cwnpound was spotted. The compounds were detected by a UV hand 
lamp (254 nm). The Rf values for salicylic acid, aspirin, 11, Il l ,  and I were 
0.2'7, 0.34, 0.38, 0.44, and 0.51, respectively. Salicylic acid was fluo- 
rescent. 


Isolation of 1-111 f rom Aspirin Tablets-One hundred 324-mg (5 
gr) aspirin tablets were triturated in a mortar and pestle, and the powder 
was added to a cold hiphasic mixture of benzene (130 ml) and phosphate 
huller solution (650 ml, 0.5 M, pH 11.3). The mixture was stirred with 
ii magnetic stirrer for 5 min and poured into a separator. The benzene 
layer was separated, dried over magnesium sulfate, and saved for isolation 
of' I .  The aqueous solution, pH 8 following neutralization of the original 
buffer solution with aspirin, was acidified with 2 N HCI (-300 ml) to pH 
I -  2 and filtered to remove the excipients and precipitated aspirin. The 
filtrate was extracted with 300 ml of benzene. 


At this point, after all o f  the salicylates were in benzene solution, at- 
tention was directed toward the final isolation of I, since this compound 
undergoes decomposition. The first henzene extract (containing I)  was 
filtered and concentrated to -3 ml under reduced pressure a t  a bath 
temperature not exceeding 35'. Since TLC showed the presence of aspirin 
as well as I,  the henzene solution was extracted with an equal amount of 
phosphate buffer (0.5 M ,  pH 8). The henzene solution, which now showed 
iinly I ,  was dried over magnesium sulfate, filtered, and evaporated under 
a dry nitrogen stream. This isolated I sample was compared to the ref- 
erence standard I by UV (cyclohexane), 'I'IL, and the n-benzamidocin- 
namate-pyridine test (9). 


The second benzene extract, containing all salicylates except I, was 
extracted with four 100-ml portions of 0.1 N HCI to concentrate the re- 
maining salicylate impurities relative to aspirin. Solvent henzene was 
removed under reduced pressure. The residue was dissolved in 4 ml of 
methanol, and an equal volume of water containing 1% acetic acid was 
added. This solution was passed through a 0.6-pm fiIterl2 before injection 
onto the semipreparative HPLC column. Fractions corresponding in 
retention times to 11 and I11 were collected. Solvents were evaporated 
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Figure I-HPIX on Column A of a synthet ic  mixture of aspirin ( A )  
containing 1 %  each of salicy[ic acid (H) ,  acr t~lsn~icy / . sa~icy / ic  ocid (C), 
acetylsalicylic anhydride (I)), and salicylsalicylic acid fE ) .  Fur the 
mobile phase,  12.5 ml of acetic acid was added t o  450 ml of water and 
dilutpd to  1000 ml with methanol. 


under reduced pressure a t  35'. with last traces heing removed with a 
vacuum pump. Benzene ( 1  ml) was added to the isolated I1 sample; the 
solution was filtered and evaporated. The isolated I1 and I11 samples were 
compared to their reference standards by HPLC, IH, UV (95% ethanol), 
and TLC. 


To demonstrate that I11 did not result from hydrolysis of I1 during the 
extraction procedure, reference standard 11 was subjected to the described 
extraction process; no evidence of' 111 was found. 


RESULTS AND DISCUSSION 


Aspirin and four salicylate impurities were adequately resolved hy 
HPLC on Column A (Fig. 1 ) .  However, on Column B, another reversed- 
phase CIS column, 1 and 111 had almost identical retention times. Changes 
in the methanol-water ratio of the mobile phase or changes in the flow 
rate did not significantly change the difference between the retention 
times of these two compounds on Column €3. The lack of  resolution of' 
these two compounds on one column emphasizes the precautions that 
must be taken in the HPLC analysis ot'aspirin tor these compounds and 
the uncertainty of identifying them by H P I X  alone. 


HPLC of solutions ohtained by extraction of aspirin or aspirin tablets 
with the mobile phase showed 11,111, and salicylic acid in most samples 
tested. Although I generally was present in the aspirin samples and could 
be quantitated by the n-henzamidocinnamate-pyridine reagent" (9), 


We have determined that aspirin itsell' will react with the ti-henzamidocin- 
nnmate-pyridine reagent. although at a slower rate than 1. When present in the 
lietizene extract at a cuncentration even as low as that uf I ,  aspirin will intprl'ere 
wrioiisly with the analysis of I .  The presence of interfering amounts of  aspirin in 
this analysis can be determined by following the reactiun over time. Absor1)ance 
resulting from I reaches a plateau in 20-:!O min, whereas it continues to show a 
gradual increase past 30 min when aspirin is present. 
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detection and quantitation of I by HPLC was difficult because of its in- 
stability in the mobile phase and its presence in low concentration. 


One feature that distinguishes I from 111 and the other salicylates 
mentioned is its high susceptibility to solvolysis. When reference standard 
I was dissolved in mobile phase (1 mg/ml) and examined by successive 
injection on Column A, the compound underwent solvolysis at room 
temperature to give rise to two new compounds with retention times 
corresponding to aspirin and methyl acetylsalicylate1s. After 4 hr, <5% 
of the anhydride remained. The observed rate constant for the anhydride 
hydrolysis in 10% dioxane-90% water containing 0.57 M acetic acid at 
pH 2.59 and 25.1’ has been reported as 6.0 X sec-l(14), from which 
the half-life is calculated to be 19 min. This rate was much faster than 
the rate of aspirin hydrolysis and was in general agreement with our ob- 
servations. The salicylates other than acetylsalicylic anhydride were 
relatively stable in the mobile phase and showed no decomposition under 
the analytical conditions. 


In a recent report (15) on aspirin impurities, it was tentatively assumed 
that I11 was present as an impurity in some aspirin samples based on its 
retention time by silica gel HPLC. The present study confirmed the 
presence of 111 in aspirin samples by isolation and identification of the 
compound; i t  is recognized that this compound is a commonly occurring 
impurity in aspirin and commercial aspirin preparations. The isolation 
of this compound from aspirin tablets by extraction and HPLC, as de- 
scribed, provided a sample that was identical to the reference standard 
Ill7 by TLC and by HPLC on Columns A and B. 


The UV spectrum (A,,, relative absorbance) in 95% ethanol of the 
isolated 111 sample (234 nm, 1; 308 nm, 0.313) was comparable to that of 
reference standard 111 (234 nm, 1; 308 nm, 0.310). The IR spectrum of 
the isolated I11 showed maximum absorbance at frequencies of 3455 
(phenolic OH stretching) and 1740 and 1690 (carbonyl stretching) cm-’; 
this spectrum, including the fingerprint region, was identical to an IR 
spectrum of the reference standard. The structure was confirmed by an 
electron-impact mass spe~ t rum’~ ,  which provided a parent ion (m/e 258) 
and gave a breakdown pattern similar to that of the reference standard 
111. 


Two other salicylate impurities found in aspirin, I and 11, whose 
characterization by chromatographic methods was previously reported 
(1,2,7,8), were isolated by extraction and HPLC and were characterized 
further. The isolated I 1  sample was identical to its reference standard 
by HPLC, TLC, IR, and UV (95% ethanol). The isolated I gave a positive 


test for I with the a-benzamidocinnamate-pyridine reagent. ‘I’he UV 
(cyclohexane) and TLC characteristics were the same as those for the 
reference standard I. When dissolved in mobile phase and monitored by 
HPLC on Column A, the isolated anhydride, like the reference standard, 
underwent hydrolysis and methanolysis at ambient temperature to give 
aspirin and methyl acetylsalicylate. 


In the analysis of 176 samples of commercial aspirin tablets, the I11 
concentration varied from below detectable limits (0.001%) to 0.25% of 
the amount of aspirin present. Of the samples tested, 70% contained levels 
that were detectable by HPLC (20.001%). Details of the quantitative 
analysis of aspirin impurities in aspirin and aspirin tablets will be the 
subject of a future report. 
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The retention time of methyl acetylsalicylate was similar to that of salicylic 
acid under these conditions. To differentiate between these two compounds, the 
mobile hase was changed to  one consisting of methanol (46 ml), acetic acid (1.2 
ml), anfwater (to 100 ml) after I had decreased to  about 5% of i ts  original concen- 
tration. 
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The analyaes of the penicillins in 5% dextrose solutions are summarized 
in Table 11: 


In most cases, the apparent molar absorptivities of the ferric-hy- 
droxamate complexes were slightly lower in the 5% dextrose samples. 
Replicate determinations of 1-mg of methicillin sodium/ml samples gave 
good precision and accuracy. 


Only ampicillin in 5% dextrose showed any appreciable change in 
concentration over 48 hr a t  room temperature (Fig. 1). Samples were 
obtained a t  zero time and a t  48 hr and were analyzed by TLC. A large spot 
a t  R/ 0.65, indicative of ampicillin degradation, appeared in the 48-hr 
sample. 


Although cephalothin was previously determined by this method (16), 
a study was undertaken to determine if the method is applicable to 
cephalothin analysis in dextrose solutions. Replicate analyses of a solution 
containing cephalothin sodium (1.00 mg/ml) gave an averwe value of 1.04 
mg/ml with a coefficient of variation of 2.7%. In this study, the absorbance 
was measured a t  490 nm and the complex was stable for a t  least 15 
min. 


Oxacillin was analyzed in several other intravenous fluids with good 
precision and accuracy (Table 111). 


The nickel-catalyzed method also was applied to a chloramphenicol 
succinate sodium solution. In this case, it was necessary to heat the re- 
action for 2 hr a t  80’ to obtain an adequate color yield. Under these 
conditions, as little as 25 pg/ml could be detected. A typical calibration 
curve can be described by: 


absorbance = 0.00273 concentration (pglml) + 0.00 (Eq. 2) 


In the 25-250-pglml range, correlation coefficients for this equation were 
typically 0.999. 


Considering the extensive use of @-lactam antibiotics in intravenous 
admixtures, the nickel(II)-catalyzed hydroxylaminolysis method offers 
a rapid and reliable means of assessing antibiotic stability in numerous 
intravenous fluids. 
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Identification of Griseofulvic Acid as a 
Urine Metabolite of Griseofulvin in Humans 
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metabolite of griseofulvin, human urine, identification 


To the Editor: 
Griseofulvin was introduced in 1959 as an effective oral 


antifungal agent for humans and animals. Many studies 
of griseofulvin metabolism have been reported since then. 
Investigators of griseofulvin metabolism in humans re- 
ported that almost’all of a daily griseofulvin dose was ex- 
creted as 6-desmethylgriseofulvin in the urine in 24 hr (1). 
Studies using 14C-griseofulvin and GLC showed that the 
major metabolite was 6-desmethylgriseofulvin but that the 
drug also was excreted partially as 4-desmethylgriseofulvin 
and as several other unidentified metabolites (2). Although 
these unidentified compounds represent only a small 
portion of the total drug, their identities are important in 
understanding griseofulvin metabolism. 


A simple and rapid determination of griseofulvin 
and its derivatives using reversed-phase high-pressure 
liquid chromatography was developed in this laboratory. 


Analysis of human urine samples by this method revealed 
that, in addition to 6-desmethylgriseofulvin, griseofulvic 
acid (7-chloro-4,6-dimethoxy-6’-methylgrisan-3,2’,4’- 
trione) also is a urinary griseofulvin metabolite. However, 
the reported 4-desmethylgriseofulvin was not observed in 
this study. The urinary concentration ratio of griseofulvic 
acid to 6-desmethylgriseofulvin was -1:15. 


Figure 1 shows chromatograms of urine samples ob- 
tained from a normal subject 6 hr after a 250-mg oral 
griseofulvin dose. The griseofulvin metabolites in the urine 
sample were extracted into cyclohexane-ethylene di- 
chloride (1:l) (3), and the mixture then was evaporated to 
dryness and reconstituted with the chromatographic mo- 
bile phase solvent. Figure 1A represents the direct ex- 
traction of the urine sample. Figure 1B represents the same 
sample after incubation overnight a t  37O with p-glucu- 
ronidase to hydrolyze the glucuronide conjugate prior to 
the extraction. 


The chromatograms were obtained with a reversed- 
phase column’ at  a 1.0-ml/min flow rate. The mobile phase 
was 45% acetonitrile in water (v/v), with the pH adjusted 
to 3.4 using acetic acid. The upper chromatograms repre- 
sent the response of a fluorescence detector excited at  280 
nm. The lower chromatograms represent the response of 
a UV detector a t  290 nm. The advantage of using both 
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Figure I-Chromatograms of human urinary griseofuluin metabolites. 
K P ~ :  A,  untreated sample; and B, the same sample after incubation 
overnight with @-glucuronidase at 37". Peak response in A represents 
the original urine concentration; in B, the urine concentration was di- 
luted to ow-hal f .  The top and bottom chromatograms were obtained 
with fluorescence and UV detection, respectiuely. 


detectors is that the purity of a separated component in 
a chromatogram may be evaluated with the peak response 
ratio of the two detections; if the peak response ratio of a 
component is different from that of the standard, then 
either the peak response represents a different species or 
some impurities may have eluted with the same retention 
time. 


Peaks a and b, which were not observed in the blank 
urine sample, had retention times identical to those of 
standards of 6-desmethylgriseofulvin and griseofulvic acid, 
respectively. Furthermore, the UV-fluorescence peak re- 
sponse ratios of peaks a and b also were the same with re- 
spect to their standards. It is concluded that peak a rep- 
resents 6-desmethylgriseofulvin and that peak b represents 
griseofulvic acid. The presence of griseofulvic acid in urine 
samples was evidenced further in TLC studies. With a 
silica gel plate' and chloroform-methanol (1O:l v/v), two 
urinary metabolites were observed and identified by 
comparison with 6-desmethylgriseofulvin (Rf  0.18) and 
griseofulvic acid ( R f  0.05) standards. 4-Desmethylgriseo- 
f'ulvin ( R f  0.36) was not found in the urine samples. 


The 6-desmethylgriseofulvin standard was isolated from 
dog urine according to a literature method (3). The purified 
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product was positively identified as 6-desmethylgriseo- 
fulvin by a melting-point measurement (4) and by i t s  mass 
spectrum, which was identical with that reported previ- 
ously (5). The griseofulvic acid standard was synthesized 
by reacting griseofulvin with boron tribromide at  -60'. 
The purified product showed a melting point and a mass 
spectrum identical to those reported for griseofulvic acid 
(4,5). The 4-desmethylgriseofulvin standard was prepared 
according to a literature method (4), and it also was iden- 
tified by its melting point and its mass spectrum. 


The griseofulvic acid formation is speculated to occur 
uia microsomal demethylation a t  the Z'-position and 
subsequent tautomerization of the 2'-en01 to the 2',4'- 
dione. The pharmacokinetics of this metabolite and its 
toxicological effect are under investigation. 
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Effect of Instrumental Vibration 
Levels on Dissolution 


Keyphrases 0 Dissolution tests-effects of instrumental vibration, 
tablets Vibration-effect on dissolution tests, tablets 


To the Editor: 


In the process of investigating the dissolution of two 
commercial enteric-coated aspirin tablets, large variations 
in dissolution profiles were observed between two disso- 
lution apparatus (1). The dissolution profiles were followed 
in simulated intestinal juice for 10 hr using the dissolution 
procedure described in USP XIX (2). The apparatus', 
designated left (L) and right (R), were operated at  a 
stirring speed of 50 f 1.5 rpm throughout the study. The 
tablets in the L apparatus dissolved more slowly, leaving 
partial tablet residues after 10 hr of dissolution. Addi- 
tionally, the dissolution profiles were low, indicating poor 
dissolution characteristics. However, in the R apparatus, 
tablets from the same batch dissolved completely in the 
same time period, and dissolution profiles were substan- 
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antimelanoma studies (25,26), possesses activity; and (f) no carboxyl- 
containing catechol is active. 


The data from the testing of the trihydroxyphenethylaines (XV and 
XVI) indicate that it may be important to restrict potential quinone 
formation possibilities to only an o-quinoid structure. The P-388-inactive 
neurotoxin, 6-hydroxydopamine (XV), when oxidized, can form either 
an 0- or a p-quinone. When given this choice, quinones in general and 
XV in particular (13) form hydroxy-p-quinones, which weakly react with 
sulfhydryl groups (17). The other trihydroxy compound studied, 5- 
hydroxydopamine (XVI), can form only an o-quinone. It has good P-388 
activity. Therefore, one would expect that 2-hydroxydopamine, the 
perdemethyl analog of XVII, should have P-388 activity. Studies are in 
progress to determine further structure-activity relationships among 
polyhydroxy derivatives of benzene and pyridine. 
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Abstract Conditions are described for attaching anticancer drugs to 
polyalkylcyanoacrylate nanoparticles, a new drug delivery system for cells 
that exhibit endocytic uptake. They are ultrafine, metabolizable, and able 
to associate with various drugs in a nonspecific manner. Data are given 
for the in uitro degradation and for drug release from this new drug carrier 
system. 


Keyphrases Polyalkylcyanoacrylate nanoparticles-adsorption and 
release of dactinomycin and methotrexate, liberation kinetics, controlled 
release Dactinomycin-controlled-release dosage forms, polyalkyl- 
cyanoacrylate nanoparticles, adsorption and release kinetics Metho- 
trexate-controlled-release dosage forms, polyal kylcyanoacrylate nan- 
oparticles, adsorption and release kinetics 0 Dosage forms, controlled 
release-polyalkylcyanoacrylate nanoparticles, adsorption and release 
of dactinomycin and methotrexate 


Entrapment of cytotoxic drugs inside endocytizable 
carriers such as liposomes improves drug specificity and 
reduces toxicity toward nondiseased cells (1,2). Work in 
this field has resulted in the development of polyacryl- 
amide nanocapsules (3,4). Polyacrylamide nanocapsules 


also may be useful in promoting cellular uptake via en- 
docytosis for compounds that do not gain access to lyso- 
somes (5) .  


Due to their polymeric nature, these small capsules 
(diameter of -200 nm) may be more stable than liposomes 
in biological fluids and during storage (6-9). Furthermore, 
they can entrap various molecules in a stable and repro- 
ducible way (3, 5) .  However, this new lysosomotropic 
carrier is unlikely to be digested by lysosomal enzymes, 
which may restrict its clinical use. With these consider- 
ations, biodegradable nanoparticles made by polymer- 
ization of various alkylcyanoacrylate monomers were de- 
veloped recently (10, ll). Similar polymers are used in 
surgery as sutures and adhesive agents (12,13). 


This paper describes techniques for attaching two 
cytostatic drugs to these polyalkylcyanoacrylate particles. 
Data concerning the degradability of these nanoparticles 
and drug liberation from this new intracellular formulation 
(14) are presented also. 
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Figure I-Scanning electron micrograph of nanoparticles 


EXPERIMENTAL 


Polyalkylcyanoacrylate Nanoparticle Preparation-The nano- 
particles were prepared by literature methods (10,ll). After dissolution 
of the cytotoxic drug (methotrexate or 3H-dactinomycin') in 50 ml of 
water containing 0.25 g of polysorbate 202 and 5 ml of 0.1 M HCI, 0.83 ml 
of monomer (methyl~yanoacrylate~ or ethyl~yanoacrylate~) or of various 
monomer mixtures was added with stirring. After 30 min, the nano- 
particles appeared as a milky suspension displaying the Tyndall effect. 
They were buffered to  pH 7 with 10 ml of a phosphate buffer (15). 
Scanning electron microscopy showed mostly spherical particles with 
a diameter of -0.2 pm (Fig. 1) .  


Measurement of Dactinomycin Linked to Polymethyl- and 
Polyethylcyanoacrylate Nanoparticles-Dactinomycin, 1 mg, and 
3H-dactinomycin solution, 20 pl, were dissolved in 50 ml of the acid so- 
lution containing polysorbate 20. The nanoparticles were prepared as 
already described. The radioactive concentration of the tritiated dacti- 
nomycin solution was 0.5 mCi/ml with a specific activity of 16.5 Ci/mmole. 
The dactinomycin concentration of the radioactive solution was 90 
pg/ml. 


The nanoparticle suspensions (10 ml) were centrifuged a t  20,000 rpm 
to separate dactinomycin bound to the particles from free dactinomycin. 
The sediment was dissolved in 10 ml of dimethylformamide. This solution 
was diluted to 20 ml with a mixture of calf serum and 0.45% polysorbate 
20 in 0.009 N HCI (3: l ) .  The supernate was diluted to 20 ml with di- 
methylformamide. The 3HH-dactinomycin in sediment and supernatant 
layers was measured by scintillation counting. 


5 4 3 2  1 


Figure 2-System for nanoparticle incubation (17).  Key: 1, pH mea- 
suremant electrode; 2, stirrer; 3, automatic buret, hydrochloric acid 
solution; 4, automatic buret, sodium hydroxide solution; 5 ,  thermometer; 
and 6, automatic sampler. 
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Figure 3-Euolution of the dactinomycin associated to the polyalkyl- 
cyanoacrylate nanospherules as a function of the  incubation time. Key: 
A, polymethylcyanoacrylate; B,  mixture of polymethyl- and poly- 
ethylcyanoacrylate (2: l ) ;  C,  mixture of polymethyl- and polyethylcy- 
anoacrylate ( 1 : l ) ;  D, mixture of polymethyl- and polyethylcyanoac- 
rylate (1:2); and E ,  polyethylcyanoacrylate. 


Sample Preparat ion for Scintillation Counting-One-milliliter 
aliquots of the sediment and supernate were pretreated with 0.75 ml of 
0.5 N quaternary ammonium hydroxide in toluene4. Isopropanol, 0.75 
ml, and 0.5 ml of 30% H202 were then added to decolorize the samples. 
After 60 min, 15 ml of xylo15-0.5 M HCI (9:l) was added, and the samples 
were counted in a liquid scintillation counter6. Quench correction was 
obtained using a channels ratio method. The results were expressed as 
the percent of dactinomycin bound to the nanoparticles. 


Test for Degradation of Polyalkylcyanoacrylate Nanopar- 
tides-One hundred-milliliter portions of the various buffered polyal- 
kylcyanoacrylate nanoparticle suspensions were incubated a t  37' in 
200-ml portions of calf serum-modified Eagle-Earle Dulbecco medium 
(1:9) (16). 


The incubation took place in a thermostated cell. The cell was con- 
nected to a pH regulator by a glass electrode. The pH regulator was 
composed of two automatic burets and a pH meter. The burets main- 
tained pH 7 f 0.05 by delivery of 1.0 N HCI or NaOH. An automatic 
system permitted the uptake of nanocapsule samples a t  various times 
(Fig. 2). 


Measurement of Methotrexate Linked to Both Polymethyl- and 
Polyethylcyanoacrylate Nanoparticles-Methotrexate nanoparticles 
were prepared with various amounts of drug (10-200 pg/ml) and mono- 
mers (1-16.7 pl/ml) to determine the influence of these two factors on 
the adsorptive capacity of polymethyl- and polyethylcyanoacrylate na- 
noparticles. The determination of the nanoparticle methotrexate content 
was made according to a fluorometric method (18). 


After centrifugation of a 10-ml suspension of methotrexate nano- 
particles a t  20,000 rpm for 1 hr, the sediment was dissolved in 10 ml of 
acetone,This solution (40 pl) was added to distilled water (9 ml) and pH 
5,  5 M acetate buffer7 (200 pl). Distilled water was then added to exactly 
10 ml. After addition of 4% potassium permanganate (100 pl) and a 5-min 
wait, the solution was decolorized with hydrogen peroxide (200 pl). 


The supernate (40 pl) was treated in the same manner. The samples 
corresponding to the sediment and to the supernate were measured flu- 
orometrically according to the method described previously. 


RESULTS AND DISCUSSION 


Degradation of Polymethyl- and  Polyethylcyanoacrylate Nan- 
oparticles Associated with 3H-Dactinomycin-After dilution of the 
nanoparticle suspension (100 ml) in the calf serum (200 ml) and before 
incuhation a t  37O, 90.2% of the SH-dactinomycin was linked to the 
polymethylcyanoacrylate nanoparticles. With polyethylcyanoacrylate, 
85.9% of the 3H-dactinomycin was associated with the nanoparticles. The 


Soluene 350, Packard Instruments S.A., Brussels, Belgium. 
Instagel, Packard Instrument S.A., Brussels, Belgium. 
Philips PW 4510 computer, MBLE S.A., Brussels, Belgium, 
Prepared by adding 700 ml of 5.0 M sodium acetate to 300 ml of 5.0 M acetic 


acid. 
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Figure 4-Isothermic association of methotrexate with the nanopart- 
ides  at room temperature ( Z O O ) .  Methotrerate concentration = 100 
pglml. Key: A, polymethylcyanoacrylate nanoparticles; and B, poly- 
ethylcyanoacrylate nanoparticles. 


dactinomycin concentration was 20 pg/ml, and the monomer concen- 
tration was 16.6 pl/ml. 


The measurement of dactinomycin disappearance from the sediment 
and its appearance in the supernate provided a good estimation of the 
nanoparticle degradation in the calf serum. The degradation velocity was 
related directly to the drug liberation, When the particles were degraded 
completely, no sediment was observed, and the whole dactinomycin ac- 
tivity was found in the supernate. When the nanoparticles were still in- 
tact, the sediment contained most of the dactinomycin activity, and only 
10-15% of the drug was in the supernate. 


The nanoparticle degradation kinetics, as indicated by dactinomycin 
release, seem to strongly depend on the alkyl chain length of the cy- 
anoacrylate polymer product. 


The polymethylcyanoacrylate nanoparticles (Fig. 3, curve A) were 
degraded almost entirely after 18 hr, whereas the polyethylcyanoacrylate 
nanoparticles (Fig. 3, curve E) retained practically 50% of the dacti- 
nomycin after 2 days of incubation at 37O. Nanoparticle preparation with 
various mixtures of methyl- and ethylcyanoacrylates (21,1:1, and 1:2) 
provided intermediate degradation velocity values (Fig. 3, curves B, C, 
and D, respectively). These results show that polyalkylcyanoacrylate 
nanoparticles might represent a new drug delivery system which could 
degrade at various rates. 


Methotrexate Adsorption on Polymethyl- and Polyethylcy- 
anoacrylate Nanoparticles-Methotrexate was bound less extensively 
to the nanoparticles than was dactinomycin. In the better cases, an ad- 
sorption rate of -25% was observed (Fig. 4). At the same monomer con- 
centration (16 pl/ml), nanoparticles adsorbed about 90% of dactinomycin. 
Nanoparticles were prepared with various quantities of monomers and 
methotrexate to determine their influence on the associative tendency 
of the drug to optimize a nanoparticle formulation containing metho- 
trexate. 


The extent of methotrexate bound to the nanoparticles for polymethyl- 
(Fig. 4 ,  curve A) and for polyethylcyanoacrylate (Fig. 4, curve B) increased 
sinusoidally with the monomer content in the initial solution. Monomer 
concentrations above 16.6 pl/ml were practically unusable due to the very 
high suspension viscosity. The percentage of methotrexate associated 
with the nanoparticles decreased with increasing drug in the initial so- 
lution (Fig. 5). This finding confirmed the poor methotrexate adsorption 
in comparison with dactinomycin. Indeed, only 38.5% methotrexate was 
adsorbed for the most dilute solution (10 pllml) with the ethyl 
product. 


CONCLUSIONS 


Many tumors cells exhibit a high endocytic capacity (19, 20). This 
knowledge was exploited by several investigators (21,22) to entrap an- 
ticancer agents within phospholipid vesicles (liposomes) and albumin 


METHOTREXATE CONCENTRATION, pg/ml 


Figure 5-Decrease of the methotrexate bound to the nanoparticles 
(percent) as a function of the drug amount in the initial solution. 
Monomer concentration = 12 pllml. Key: A-, polymethylcyanoacry- 
late; and @-, polyethylcyanoacrylate. 


microspheres (23). Likewise, a DNA-daunorubicin complex was devel- 
oped and was found to be endocytizable (24, 25). The therapeutic po- 
tential of nanocapsules-entrapped substances has stimulated numerous 
studies of their behavior in uiuo (26, 27) and of their interactions with 
cells in uitro ( 5 ) .  The accumulation of polyacrylamide nanocapsules in 
cell lysosomes by endocytosis was demonstrated (5). However, since that 
polymer is unlikely to be degraded in the lysosomes, its use might be re- 
stricted because prolonged overloading of lysosomes could ensue. 


This paper describes the design of digestible polyalkylcyanoacrylate 
nanocapsules, which can degrade a t  various speeds based on the monomer 
chosen. The drug liberation kinetics may be controlled also. The binding 
capacity of these nanoparticles to both dactinomycin (90%) and metho- 
trexate (1540%) exceeds that from the entrapment of these drugs in li- 
posomes. Indeed, percentages of drug entrapment in liposomes are 4-18% 
for methotrexate (28,191 and 2.3-11.6% for dactinomycin (30). 


Polyalkylcyanoacrylate nanoparticles could be a new drug delivery 
system for cells that exhibit endocytic uptake since they are ultrafine, 
degradable, and able to associate with various drugs in a nonspecific 
manner. Furthermore, the morphology and drug adsorption of these 
particles are reproducible. Such nanoparticles are possible biodegradable 
lysosomotropic drug carriers. Future investigation with polyalkylcy- 
anoacrylate nanoparticles will be carried out in uiuo. 
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Abstract To understand hydrazone formation in hydralazine me- 
tabolism, the reaction of hydralazine with various biogenic aldehydes and 
ketones (acetone, pyruvic acid, acetoacetic acid, formaldehyde, and ac- 
etaldehyde) in pH 7.4 buffer was studied for potential alterations in hy- 
dralazine pharmacokinetics secondary to alcoholism and diabetes. The 
corresponding hydrazones were isolated, and their structures were 
characterized. High-performance liquid chromatography was used to 
monitor the reactions. An aqueous solvent reversed-phase liquid chro- 
matographic system was used to separate hydralazine and its derivatives. 
Reaction of hydralazine with formaldehyde or acetaldehyde produced 
the corresponding hydrazones. Formation of an s -triazolo ring system 
yielded the known s-triazolo[3,4-a]phthalazine and 3-methyl-s-tria- 
zolo[3,4-a]phthalazine metabolites, which also were isolated and char- 
acterized and suggested nonenzymatic metabolism. 


Keyphrases Hydralazine-reaction with biogenic aldehydes and 
ketones, hydrazone formation, high-performance liquid chromatographic 
analysis 0 Antihypertensive agents-hydralazine, reaction with biogenic 
aldehydes and ketones, hydrazone formation, high-performance liquid 
chromatographic analysis High-performance liquid chromatogra- 
phy-analysis, hydralazine reaction with biogenic aldehydes and ketones, 
hydrazone formation 


The mechanism of hydralazine condensation with bio- 
genic aldehydes and ketones is significant. The reaction, 
involving hydrazone formation, may be enhanced in al- 
coholism, diabetes, and fasting states and during prolonged 
hydralazine administration. Hydrazone formation is im- 
portant for investigating hydralazine toxicity and alter- 
ations in hydralazine metabolism and pharmacokinetics. 
While hydrazone formation has been evaluated in uiuo 
(1-5), no supporting chemical studies have been re- 
ported. 


A recently developed high-performance liquid chro- 
matographic (HPLC) method (6) is sufficiently sensitive 
for clinical assay of derivatized hydralazine. The reaction 
of hydralazine,with biogenic aldehydes and ketones ap- 


parently is nonenzymatic. The chemistry in an in uitro 
homogeneous solution a t  physiological conditions should 
be analogous to the in uivo process. Thorough study of this 
chemistry is complicated by the numerous biogenic ke- 
tones and aldehydes available to undergo this condensa- 
tion in uiuo. 


This report describes the use of HPLC to determine the 
overall reaction of hydralazine with biogenic aldehydes and 
ketones to form hydrazones and the subsequent reaction 
of specific hydrazones to form s-triazolo[3,4-a]phthalazine 
and 3-methyl-s-triazolo[3,4-a]phthalazine. HPLC is well 
suited to this objective since the reversible reaction is 
usually sufficiently slow to permit discrete analysis of the 
reaction mixtures. This investigation was undertaken as 
a part of a long-term study of in uiuo hydrazone formation 
from hydralazine in drug toxicity. 


EXPERIMENTAL 


Materials-Hydralazine’, acetaldehyde2, pyruvic acid2, formalde- 
hyde2, 8-chlorotheophylline“, acetone4, and acetoacetic acid4 were used 
as obtained. High purity samples of s-triazolo[3,4-a]phthalazine (IIIa) 
and 3-methyl-s-triazolo[3,4-a]phthalazine (IIIb) were prepared (5, 7) 
and used as standards. 


Apparatus-A high-pressure liquid chromatograph5 was equipped 
with a septumless injedor port6 and variable-wavelength UV absorption’ 
and fluorescence detectorss. The column eluate was monitored by UV 
absorption at  240 nm and by fluorometry with excitation at 240 nm and 


1 Courtesy of Dr. M. Wilhem, Ciba-Geigy, Summit, N.J. * Aldrich Chemical Co., Milwaukee, Wis. 
.9 Sigma Chemical Co., St. Louis, Mo. 
4 Fisher Scientific Co., Pittsburgh, Pa. 


7 Model SF-7?0, Schoeffel Instruments Corp., Westwood, N.J. * Model FS-970, Schoeffel Instruments Corp., Westwood, N.J. 


Model 6000A, Waters Associates, Milford, Mass. 
Model U6K Waters Associates, Milford, Mass. 
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For clinical studies, especially hioavailahility or hioequivalency studies, 
collect ion and analysis ot‘urine samples rather than plasma samples may 
he prel‘erahle (6). The distribution of chlorthalidone between plasma and 
erythrocytes is not instantaneous, so it is difficult to obtain a blood sample 
and to prepare the plasma quickly enough so that the determined 
chlorthalidone concentration is the same as the plasma concentration 
in rirw (7). The analysis of urinary samples can he accomplished rapidly 
with the fully automated system. 
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Abstract  0 Hydrogel films were prepared from hydroxyethyl methac- 
rylatc. hoth with (Film 11) and without (Film I) 5.25 mole % of ethylene 
glycol dimethacrylate. Permeation, diffusion, and partition coefficients 
I’or progesterone, testosterone, nandrolone, norethindrone, l7a-hy- 
ctroxyprogesterone. estradiol, and hydrocortisone were determined. A 
~ h t e  permeation model was proposed hased on the separation’of a do- 
main (H)  cornposed of “hulk-like” water and a domain (A) composed of 
polymer, interfacial water, and bound water present in the films. The 
separate contrihutions from the “pore” and “solution-diffusion” 
mechanisms to the total permeability were calculated from the model. 
Steroid permeabilities through Films I and I1 were analyzed in accordance 
with this model. Permeation of Film I1 occurred oia the solution-diffusion 
mechanism. Permeation of Film I occurred predominately by the pore 
mechanism with a small contrihntion (-20%) from the solution-diffusion 
inrchaniam. The latter contribution was dependent on the solubility of 
1 he solute within the A domains of the hydrogel film. Functional group 
contritwtions to permeation of Film I 1  were ascribed to either steric or 
hydrogen bonding effects. 


Keyphrases Progesterone-permeation through hydrogel films, 
models, structure-activity relationships, steroids 0 Hydrogel films- 
progesterone permeation, structure-activity relationships, steroids, 
models Structure-activity relationships-steroid permeation through 
hydrogel films Models-steroid permeation through hydrogel films 


In previous reports from this laboratory (1,2), the per- 
meation mechanisms of a model hydrophobic drug, pro- 
gesterone, through poly(hydroxyalky1 methacrylate) films 
were examined. The importance of film hydration was 
emphasized. Similar conclusions were drawn by others 
(3-5) for hydrophilic solute permeation through hydrogel 
films. Several investigators (2, 4, 5) indicated that, de- 
pending on the hydrogel composition, either a “pore” or 
a “solution-diffusion” mechanism may dominate perme- 
ation. For polymers prepared from various comonomers 


or from hydroxyethyl methacrylate without added cross- 
linking agents, the pore mechanism dominates. A t  high 
concentrations of the cross-linking agent, ethylene glycol 
dimethacrylate and possibly tetraethylene glycol di- 
methacrylate, the solution-diffusion mechanism appears 
to dominate permeation. These results were found for both 
hydrophobic (2) and hydrophilic (4,5) solutes. 


These conclusions are tenuous without further investi- 
gation. One problem is the partition coefficient reported 
for the hydrophobic solute progesterone (2). This value, 
which is >loo, appears to be inconsistent with a pore 
mechanism in which transport presumably occurs within 
water-filled pores or microchannels present in the film. For 
permeation within these channels, partition coefficients 
close to one are expected. Hydrophilic solutes in hydrogels 
generally exhibit partition coefficients close to this value 
(6). 


For this reason, the permeation mechanism of hydro- 
phobic solutes through hydrogel films was examined in 
greater detail. The permeation characteristics for several 
steroids that have systematic structural differences were 
determined in films prepared from hydroxyethyl meth- 
acrylate, both with and without 5.25 mole % of ethylene 
glycol dimethacrylate as a cross-linking agent. The results 
substantiate previous conclusions concerning the two 
mechanisms for solute permeation in hydrogel films, 
provide an explanation for the proposed pore-type per- 
meation mechanism for solutes having high hydrogel- 
water partition coefficients, and demonstrate the effects 
of steroid structural differences on permeation rates 
through hydrogel films. 
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EXPERIMENTAL 


Materials-Hydroxyethyl methacrylate’ was a highly purified sample 
containing the following levels of impurities’: methacrylic acid, 0.06% 
ethylene glycol dimethacrylate, 0.024%; and diethylene glycol methac- 
rylate, 0.24%. Ethylene glycol dimethacrylate2 was purified by base ex- 
traction and distillation. Azobis(methy1isobutyrate) was prepared by the 
method of Mortimer (7). 


Hydrocortisone3, 17a-hydroxyprogesterone?, progesterone3, testos- 
terone?, nandrolone’, estradio13, n~rethindrone~,  6,7-3H-estradiols, and 
1,2-:’H-progesterone6 were used as received. TLC analysis, with 20% (v/v) 
ethyl acetate in toluene and 5% (v/v) methanol in chloroform as devel- 
oping reagents, indicated that all steroids were pure. In all cases, a single 
UV-detectable spot was observed. Radiolabeled steroids had the same 
R/ values as the unlabeled counterparts, with >95% of the detectable 
activity associated with the primary spot. The remaining radioactivity 
was distributed evenly throughout the remainder of the plate. 


Methods- Hydrogel films were prepared by polymerization between 
sealed polyethylene plates a t  60° for 24 hr. Azobis(methy1isobutyrate) 
(7.84 mmoles/liter of monomer) was the initiator. 


Film I was prepared from a mixture of hydroxyethyl methacrylate and 
40% (v/v) deionized water. Film I1 was prepared from a mixture of hy- 
droxyethyl methacrylate with 5.25 mole % ethylene glycol dimethacrylate 
as the cross-linking agent and 40% (v/v) ethanol as the solvent. These 
mixtures were homogeneous before and after polymerization. Subsequent 
to polymerization, the films were soaked in water (changed repeatedly) 
f’or 3-4 weeks prior to use. 


The diffusion experiments were performed a t  room temperature (24 
f lo) in an all-glass cell described previously (1). An aqueous solution 
of 17n-hydroxyprogesterone, progesterone, testosterone, nandrolone, 
norethindrone, estradiol (-5 pg/ml), or hydrocortisone (-250 rglml) was 
placed into one chamber. The second chamber was filled with deionized 
water. The concentration increase was followed in the initially steroid-free 
chamber by UV spectrophotometry? or by liquid scintillation counting 
of‘ the radiolabeled compounds using scintillation fluids and a scintillation 
counter9. 


Partition coefficients, defined as the ratio of the concentrations in the 
film and in the bulk aqueous phase, were determined by a solution de- 
pletion technique (1) in which 50 ml of a steroid solution was allowed to 
equilibrate with a known volume of polymer. Adsorption of the steroids 
onto glass was checked and was not a problem. The steroid equilibrium 
concentration in the hulk aqueous solutions was obtained as described 
previously. 


Film thicknesses ( 4 . 0 3  cm) were measured on the water-swollen films 
using a lightwave micrometer’0. 


RESULTS AND DISCUSSION 


Permeability and diffusion coefficients for steroids in hydrogel films 
were calculated using: 


where: 


C0 = initial drug concentration in Compartment I 


K d  = partition coefficient 
V, = membrane volume 
Cs = concentration in Compartment II at  the onset of steady state 


C4 = concentration in Compartment I1 a t  the time t,, 
A = membrane area (14.2 cm2) 


1 = wet membrane thickness 
U = DKd 
D = diffusion coefficient 


t , ,  = any time during steady state 


V = compartment volumes (176 ml) 


( t ,,Y.. ) 


’ Courtesy of Hydron Laboratories, New Brunswick, N.d. 
f Monomer Polymer Laboratories, Philadelphia, Pa. ,’ Steraloids Inc., Pauling, N.Y. 
4 Sigma Chemical Co,, St .  Louis, Mo. 


7 Cary model 15, Varian Instruments. Palo Alto, Calif. 


Amersham Corp.. Arlington Heights, 111. 
New England Nuclear, Roston, Mass. 


Formula 950-A, New England Nuclear, Hoston, Mass. 
Model 3385. Packard Instrument Co., Downers Grove, Ill .  
Van Kueren Co., Watertown, Mass. 
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meation is necessary to determine the dominant mechanism in Film I. 
The following discussion concerns the development of a model for dif- 
fusion within hydrogels that  will provide for the calculation of these 
separate contributions from the data in Table I. This model is based on 
the physical-chemical properties of hydrogels and, in particular, on the 
water distribution within these films. 


Macroscopically, hydrogel films are homogeneous single-phase systems 
having water and polymer as components. Microscopically, the polymer 
and water can be visualized as separate dispersed phases. 


Jhon and Andrade (12) hypothesized that water can exist in a t  least 
three different environments within synthetic hydrogel films in a fashion 
analogous to that proposed (13) for biological membranes. These envi- 
ronments include hydration or bound water, interfacial water, and normal 
or "bulk-like" water. The bound water is strongly associated with the 
polymer, probably as water hydrating the hydrophilic polymer groups. 
Interfacial water is not well defined but may be associated with hydro- 
phobic interactions between the polymer segments. Bulk-like water is 
similar to bulk water in aqueous solutions. 


Sung (14) defined the concentrations of these various water types 
within poly(hydroxyethy1 methacrylate) films, prepared with and without 
1 mole Ti of ethylene glycol dimethacrylate. The amount of bulk-like 
water is highly dependent on the total hydrogel water content. Films 
cross-linked with ethylene glycol dimethacrylate have a lower percentage 
of hulk-like water than hydrogels prepared without cross-linker a t  equal 
total water contents. Interpolation of Sung's data is possible with the 
assumption that the distribution of water into bound, interfacial, and 
hulk-like fractions is similar in a 1-mole 70 ethylene glycol dimethacrylate 
cross-linked gel containing the same weight fraction of total water 
(nonequilibrium value) as a 5.25-mole % cross-linked gel that is equili- 
hrated with water. 


The equilibrium weight fraction of water in Film I1 is 0.35. A 1-mole 
Gib cross-linked gel contains less than 5 volume Ti of bulk-like water at  this 
weight fraction. From this value, it may t)e inferred that the volume 
percent of bulk-like water in Film 11 approaches zero. A value of 22.8 
volume 5% of bulk-like water is obtained for hydrogel films prepared 
without cross-linker having a total water weight fraction of' 0.43 (Film 
I) .  


These results, together with other data (2-6) on solute permeation 
through hydrogel films, provide the basis for the model of solute per- 
meation through these films. 


In this model, the hydrogel films prepared without cross-linker are 
composed of two domains, A and B. Domain A is composed of polymer 
segments that associate by hydrophobic interactions and are surrounded 
by hound and interfacial water. Domain B is bulk-like water and forms 
the fluctuating pores described previously (1 1). Increasing the mole 
percent of cross-linker increases the amount of A and reduces the amount 
id B. A hydrogel such as Film 11, having no bulk-like water, is assumed 
to be composed entirely of A-type domains. Although the relative 
amounts of Domains A and B change as the mole percent of cross-linker 
is changed, the inherent permeabilities of the domains are assumed to 
retnain constant. Therefore, the total permeability of a hydrogel film is 
i i  summation of the individual permeabilities of Domains A and B and 
varies in accordance with the volume percent of bulk-like water 
present. 


Transport in the hydrogel A domains occurs through the bound and 
interfacial water, through the hydrophobic regions, o r  through some 
cmnhination of these. Irrespective of the specific transport region, per- 
meation in the A regions occurs hy the solution-diffusion mechanism as 
previously defined. The K d  values for transport in the A regions vary 
widely. depending on the solute solubility characteristics. 


Transport in the B domains occurs by simple diffusion in bulk-like 
water. The K d  values must be precisely one since the solute is simply 
partitioning from bulk water into hydrogel domains of bulk-like 
water. 


Film 11, having no bulk-like water, is a diffusion barrier composed 
exclusively of  A-type domains. As postulated in the model, solute 
transport occurs only by the solution-diffusion mechanism in such a 
film. 


Several lines of evidence support this contention and are consistent 
for both hydrophobic and hydrophilic solutes: 


1. I t  is supported by the cited data, which indicate that films con- 
taining high cross-linker concentrations have little or no hulk-like 
water. 


2. Past work has shown that both hydrophobic (2) and hydrophilic 
( 4 ,  5 )  solutes exhibit limiting values for the diffusion coefficient as the 
cross-linking agent concentration increases. This result is inconsistent 
with a pore mechanism since, if this mechanism is operative, the diffusion 
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Table 11-Model Analysis of Steroid Permeation Data 


Diffusion 
Diffusion Coefficient 


Partial Coefficient in Bulk-Like 
Molar in Water, Water of Film I, 


Volumeo, Do X 106 DB x 107 
Steroid cmVmole cm2/sec cm2/sec In ( D A D O )  D B P T  


Testosterone 237.4 6.04 7.20 -2.13 0.80 
Norethindrone 252.0 5.83 7.29 -2.08 0.77 
Nandrolone 218.1 6.35 5.67 -2.42 0.75 
Progesterone 269.8 5.59 6.43 -2.16 0.76 
17&~Hydroxyprogesterone 
Estradiol 
Hydrocortisone 


272.1 
214.9 
273.6 


5.56 
6.41 
5.55 


7.22 
7.49 
2.11 


-2.04 
-2.15 
-3.27 


-.. - 
0.82 
0.77 
0.88 


0 Calculated from group contributions, Ref. 24. 


coefficients must decrease with increasing cross-linker content due to 
a reduction in the average pore size as a consequence of reduced polymer 
chain mobility. 


3. Film I1 was nearly impermeable to hydrophilic solutes such as 
inositol and sucrose (6). Since sucrose is of approximately the same mo- 
lecular weight as the steroids used in the present study, its diffusion 
coefficient should be similar to the steroids if the pore mechanism is 
operative in Film 11. 


4. The conclusion that transport occurs by the solution-diffusion 
mechanism in Film I1 is consistent with the high partition coefficients 
obtained for the steroids used in the present study. 


5. The disproportionately large decrease in the permeability coefficient 
of hydrocortisone, a relatively water-soluble steroid, in Film I1  compared 
with Film I, coupled with a lower partition coefficient in Film I1 than in 
Film 1, suggests a dependence on bulk water not seen with the more hy- 
drophobic steroids yet consistent with the pattern exhibited by the 
sugars. 


Film 1 contains 22.8% of bulk-like water making up the B domains; the 
remainder is designated as A-type domains. Based on the proposed model 
and using the data in Table I, it is possible to estimate the contribution 
of each domain to the total permeability. Total Film I permeability can 
he represented as a summation of the individual domain contribu- 
tions: 


PT = f a  + PH (Eq. 2) 
where: 


PT = total permeability in Film I 
P A  = permeability coefficient in the A domains 
PB = permeability coefficient in the R domains 


The P A  value is obtained from the relation PA = ( @ A  )Py ,  where P y  is the 
permeability coefficient of the solute in Film I 1  and @A is the volume 
fraction of A-type domains in Film I. The $A value is given by @A = 1 - 
JJH, where @R is the volume fraction of bulk-like water present in Film 
I(0.228). 


Equation 2 may be rewritten as: 


PT - (&A )Py, = Pn (Eq. 3) 


The calculated P,q values represent the total permeahility attributable 
to the pore mechanism in Film I. By definition, the partition coefficient 
in the B domains equals one. Therefore, PR quantitatively equals the 
diffusion coefficient, U R ,  using f R  = K d l J R .  These values are given in 
Table I 1  along with the ratio U H I P T .  which is the percent pore-type 
permeation in Film I. This ratio is approximately 0.77 for all of the ste- 
roids investigated except hydrocortisone, which is 0.88. This finding in- 
dicates that the pore contribution to transport in Film I is similar for the 
more hydrophobic steroids, with the relatively water-soluhle steroid 
hydrocortisone permeating uia pores to a greater extent. This result is 
consistent with the proposed model. The relatively high values of DRIPT 
for all steroids suggest that  permeation through Film I is dominated by 
the pore mechanism, a result consistent with previous work (2). 


The high K d  values with Film I are consistent with the model. Although 
permeation is dominated by the pore mechanism, Film I is composed 
primarily of A-type domains, which dominate the partitioning of hy- 
drophobic solutes but make little contribution to permeability. 


An implicit assumption of the model is that the A domains are similar 
in Films I and 11. Were this strictly true, the partition coefficients, which 
are dominated by A-type domains, in Film I should be related to those 
in Film 11 according to the volume fraction of A-type domains present 


in Film I (0.772). These values are given in Table I as the ratio K f i I K i .  
The estradiol value is in close agreement with the predicted value. 
However, for the other steroids, except hydrocortisone, this ratio is ap- 
proximately 0.54. Thus, qualitative agreement with the predicted value 
is found, but the quantitative agreement is not good. This finding implies 
that differences exist between the A domains of Films I and 11. This 
conclusion is expected based on the high cross-linker content in Film 11. 
The corrections that must be made to overcome this deficiency in the 
model are not readily apparent. 


Sufficient data were available from previous work (2) to test the model 
in predicting progesterone permeation in gels containing intermediate 
concentrations of the cross-linking agent ethylene glycol dimethacrylate. 
From the data of Sung (141, the volume percent of bulk-like water in a 
film prepared from 0.75 mole % of cross-linker is approximately 0.15. 
Based on this value, the permeability coefficient for progesterone in thia 
cross-linked gel can be calculated from Eq. 3 by assuming that the total 
permeation arising from transport in the B regions is given by P,q = DDB; 


is defined by the ratio @%/QR,  where +% is the volume fraction of 
bulk-like water in the cross-linked film. By using the values found in 
Tables I and I1 for P:! and DB, 0.15 for @i, 0.228 for @,q, and 0.85 for &A, 
the total permeability for a film containing 0.75 mole TO cross-linker is 
calculated to be 6.45 X lod7 cm2/sec. This value is in good agreement with 
the experimental value of 5.64 X 


A theoretical treatment of solute permeability in hydrated polymer 
films was developed by Yasuda et af. (15). This treatment examines solute 
diffusion as a function of the free volume of the water-polymer system 
and predicts a linear correlation for plots of In (DlDo) uersus the square 
of the cross-sectional solute radius; D is the diffusion coefficient in the 
polymer film and DO is the diffusion'coefficient in bulk water. All solutes 
should correlate with a single straight line for a given polymer film pro- 
vided the free volumes accessible to the various solutes are equal or can 
be resolved into equivalent contributions. 


Wisniewski and Kim (6) examined the permeabilities of ions and 
various other hydrophilic solutes in Film I-type hydrogels. A plot of In 
(DIDO) uer.w.9 the square of the cross-sectional radius was linear, with 
partition coefficients approximately equivalent to the volume fraction 
of bulk-like water in the film. This information suggested (6) that  these 
solutes are restricted to permeation through the free volume of bulk-like 
water that is located in the B-type domains proposed in the present study. 
The DR values obtained in the present study represent the diffusion 
coefficients of hydrophobic steroids in the bulk-like water and, therefore, 
should correlate with the previous data (6). The values of In (D,q/Do) are 
given in Table 11. The DO values were calculated by a literature method 
(16). 


Lacey and Cowsar (17) showed that the minimal cross-sectional area 
for steroids of the type investigated in the present study is about 36 A2. 
When using this value to determine the minimal cross-sectional radius, 
a value of -2.7 for In (DRIDO) is required for an exact correlation with 
the data of Wisniewski and Kim (6). The data given in Table I1 are, in 
general, somewhat more positive than this value. Thus, as with the 
comparison with the K d  values in Films I and 11 discussed previously, the 
podel presented here f i t s  the expected value qualitatively but not 
quantitatively. The  somewhat larger values of In (D~ lno )  compared to 
the predicted value arise from DH values that are too large. This result 
indicates that the model predicts a contribution from pore-type perme- 
ation that is too large. This discrepancy probably arises from the as- 
sumption that A-type domains have similar permeation characteristics 
in Films I and 11. The A domains are probably more permeable in Film 
I due to a lower cross-link density, leading to increased values for @ A P ~ .  
Therefore, the observed deviations are in the right direction. 


cm2/sec (2). 
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Tab le  111-Functional Group Contributions to Diffusivity 


Relative Relative 
Molec- Diffus- 


Functional ular ivity 
Group Changes Volume Factor 


0 
Nandrolone 


OH 


Nandrolone 


Progesterone 


Progesterone 


17a-H ydroxy- 
progesterone 


Progesterone 


0' /a ' 


0 Lk 
Testosterone 


OH 


Norethindrone 


17a-Hydroxy- 
progesterone 


Hydrocortisone 


/OH 


Hydrocortisone 


qJJ 
Testosterone 


1.09 


1.16 


1.01 


1.01 


1.01 


0.88 


0.99 


0.78 


0.63 


1.37 


1.59 


1.16 


2.41 


0.35 Nandrolone Estradiol 


Effect of Steroid S t ruc tu re  on Permeation through Hydrogel 
Films-Previous work (1,  2, 18-23) demonstrated that hydrogels are 
excellent candidates for use in controlled-release drug delivery systems. 
The major advantages of these polymers for this purpose are biocom- 
patibility (24,25) and the potential for controlling permeation charac- 
teristics through modifications in the hydrogel composition. Several 
studies using hydrophobic (2) and hydrophilic (4,5,20,21) solutes in- 
dicated that permeability coefficients can he varied by more than an order 
of magnitude by changing either the cross-link density or the monomer 
composition. 


Several studies (6,26) demonstrated effects of molecular structure on 
solute permeation in films prepared without added cross-linker. The 
importance of the solute molecular volume on the permeation charac- 
teristics has been demonstrated. However, no studies have considered 
the effects of molecular structure on permeability in films containing high 
cross-linker concentrations. Studies on the permeation characteristics 
of these films are of interest since intermolecular interactions between 
the solute and polymer segments are expected to increase and should 
dominate the overall permeability of these films. 


For poly(dimethy1 siloxane), a film in which solutes permeate by the 
scilution--diffusion mechanism, small changes in steroidal structure can 
lead to variations in the diffusion Coefficients of more than two orders 
( i f  magnitude (17). These dramatic changes in the diffusion coefficients 
in the solution-diffusion-type poly(dimethy1 siloxane) films are not ob- 


served with Film 11, a solution-diffusion-type hydrogel. Changes in 
permeability coefficients are even less, indicating the importance of solute 
partitioning in the overall film permeation characteristics. Specific effects 
of  solute structure on the diffusion coefficients in Film I1 are demon- 
strated more clearly by the comparisons made in Table 111. In this table, 
relative diffusivity factors, defined as the ratio of diffusion coefficients 
for steroids that differ by one structural feature, have been calculated. 
From the results in this table, the following conclusions were ob- 
tained: 


1. The addition of a C-19 angular methyl group decreases diffusivity 
by a small factor (0.78) due to steric hindrance (relative K d  values are 
independent of cross-linker content). 


2. The same effect is seen on the addition of a C-17 ethynyl group, 
where diffusivity decreases by a factor of 0.63. 


3. The addition of hydroxyl groups increases diffusivity by rather 
substantial factors, as seen from Comparisons 3 4  in Table 111. However, 
the effect of the first hydroxyl group is proportionately greater than the 
second and third hydroxyl groups (Table 111, Comparisons 3 and 5). 


4. Changing the A ring of the steroid nucleus from an alicyclic (nan- 
drolone) to an aromatic (estradiol) ring produces a decrease in diffusivity 
tiy a factor of 0.35. This decrease nccurs in spite of the change from a keto 
to a hydroxy function a t  the %position of the steroid nucleus, which 
should increase diffusivity (Table 111, Comparison 6). 


The outlined group contributions to diffusivity should be valuahle in 
predicting approximate diffusion coefficients for other steroids. For ex- 
ample, the diffusion coefficient of testosterone may be approximated as 
follows. Beginning with progesterone, the effect of removing the side 
chain a t  C-17 may he approximated by a factor of  1/0.63 ( i .e . ,  the inverse 
ofthe effect noted for the addition of a C-17 ethynyl group to nandrolone) 
times a factor of 1.37 (the effect of the addition of a C-17 hydroxyl group 
to progesterone). The result of this calculation gives 2.42 X cm2/sec 
for the diffusion coefficient of testosterone in Film 11, a result that 
compares favorably with the experimental value of 2.70 X lo-$ cm2/ 
sec. 


CONCLUSIONS 


Steroid permeation in poly(hydroxyethy1 methacrylate) films is 
complex. However, to a first approximation, the total observed perme- 
atlility can be separated into pore and solution-diffusion components 
I)y applying a model descrihing the polymer films in terms of domains. 
Such an analysis supports the contentions of Film I being a pore-type and 
Film I1 being a soluticin-diffusion-type barrier for both hydrophilic and 
hydrophobic solutes. 


As expected from the inherent nature of solution-diffusion permeation, 
structural alterations in steroidal solutes affect diffusion. Decreases in 
molecular volume and increases in hydrogen bonding capacity increase 
diffusivity. By quantifying these effects for specific functional groups, 
it is possible to predict diffusion Coefficients. 


APPENDIX 


When a linear concentration gradient exists within a barrier film, the 
instantaneous concentration gradient within the film may he expressed 
as: 


dC - c; - c;, 
(Eq. Al) 


dl I 
where Ci and C;, represent the surface concentrations of the diffusant 
in the membrane a t  the donor ( I )  and receptcir (11) sides of the film and 
I represents the thickness of the film. Provided that the partition coef- 
ficient, K d ,  is independent of the solute concentration, this equation may 
he rewritten as: 


---- 


(Eq. A'L) 


where CI and CII are the donor and receptor phase concentrations, re- 
spectively. The flux of solute within the film can be described by Fick's 
first law as: 


dC - K d ( C 1  - CII) 
dl 1 


--- 


(Eq. A3) dC cc; - C;,) J = - D - = = D -  
dl 1 


which can he rewritten as: 


(Eq. A4) D K  I1 
1 1 


J = 2 (CI - C,,) = - (C, - (' ,I)  


where the permeability U = DKd. 
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During steady state, the flux out of Compartment I equals the flux into 
Compartment 11, which also equals the flux within the film barrier. This 
may be expressed as: 


and 


(Eq. A5) 


where V is the compartment volume and A is the film area. Subtracting 
Eq. A6 from Eq. A5 and equating to Eq. A4 give: 


(Eq. A7) 


Equation A7 is valid only during steady-state flux. Under these condi- 
tions, the concentrations of solute in Compartments I and I1 are C1 and 
CZ at  t ,  (onset of steady state) and C3 and C4 at  ts. (any time during 
steady state). When using these concentrations and times for the limits 
of integration, Eq. A7 gives: 


Steady-state mass balance gives: 


cov=c,v+c2v+c,v, (Eq. A9) 


cov = c3v + c4 v + c, v, (Eq. A10) 


where CO is the initial concentration in the donor phase, C ,  is the solute 
concentration within the film, and V ,  is the film volume. The film con- 
centration may be defined as: 


Substitution of Q. A l l  into Eqs. A9 and A10 and rearranging give: 


cov - CZV -- KdC2vm) (Eq. A12) 2 v  4- Kdv, 2 
c, = 


and: 


cov - c4v -- Kdc4vm) (Eq. A13) 2v + Kdv, 2 
c3 = 


Substituting Eqs. A12 and A13 into Eq. A8 and rearranging give: 


In the limit where K d  is small and to,, approaches zero, CZ also ap- 
proaches zero and Eq. A14 may be written as: 


(Eq. A15) 


Equation A15 was developed (9) for the case of quasi-steady-state dif- 
fusion in a film, assuming that the amount of solute in the film is negli- 
gible. 
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Abstract 0 A physical model for the lyophilization kinetics of parenteral 
formulations is presented. Mathematical relationships are derived, which 
involve the simultaneous change in the receding boundary of the ice-vapor 
interface with time as well as water vapor diffusion across the dry porous 
matrix and boundary layer. Heat from an external heat source is trans- 
ferred across the frozen solution to the receding ice surface. The model 
predicts that the water lost and the receding boundary distance are lin- 
early related to the square root of time when lyophilization is matrix 
controlled. The mathematical descriptions are predictive of the physi- 
cochemical and transport events and can lead to the design of quantita- 
Live experiments ti) relate theory to formulation design. 


Keyphrases 0 Lyophilization-physicochemical model, parenteral 
formulations 0 Models, physicochemical-lynphilization, parenteral 
lormulations Dosage forms, parenteral-lyophilization, physico- 
chemical model 


Lyophilization, commonly called freeze drying, involves 
the removal of water from a frozen substance by sub- 
limation and mass transfer under vacuum conditions and 
a t  temperatures less than the eutectic temperature of the 
multicomponent aqueous solution. Its importance and 
usage as a drying process are well known in the pharma- 
ceutical and food industries and in biological laboratories 
(1-4). The lyophilization of parenteral products is not 
problem free. Rejection rates are attributed to melt-backs 
or nonuniformity in the color of the dried drug matrix, 
which is not necessarily accompanied by decreased po- 
tency. The total drying cycles are often long, ranging from 
24 to 48 hr, and approaches toward optimizing the drying 
cycle and time of complete drying are generally empir- 
ical. 


Much interest in theoretical kinetic models and their 
application to the freeze drying of foods and model systems 
is found in the literature (2,558). These models have ad- 
dressed both the mass transfer process and the heat 
transfer problem, including the physical factors governing 
the kinetics. 


DeLuca and Lachman (91, in reporting on the freeze 
drying of pharmaceutical products, emphasized the theory 
and method of determining eutectic temperatures of drug 
formulations and also the influence of the eutectic tem- 
perature on practical lyophilization cycles. They investi- 
gated the effect of various metal trays on heat transfer 
during lyophilization (10). Effects of additives in prefor- 
mulation systems on melting behavior and eutectic tem- 
peratures have been investigated ( I  1). The  macroscopic 
appearance of frozen solutions and dried samples has been 
studied (12). 


This paper describes a physical model for lyophilization. 
The model is based on the principles of physical chemistry 
and on the laws of transport with accompanying mathe- 
matics and is described in a manner amenable to well- 
designed experimental approaches, mechanistic inter- 
pretation, quantitation of physically relevant parameters, 
and predictiveness. The  lyophilization of parenteral 


products is one area of pharmaceutical processing that  
presents nearly an ideal situation for relating theory and 
practice. With a basic understanding about lyophilization 
and the rate-determining physicochemical conditions, a 
rational approach to optimizing the formulation and 
process conditions can evolve. 


THEORY 
Physical Model-The physical model describing lyophilization of a 


frozen aqueous solution containing drug and a matrix-building substance 
(e.g., mannitol or lactose) should be analogous to thewell-known model 
for drug release from an inert and insoluble matrix (13,14). As shown in 
Fig. 1, it involves the simultaneous change in the receding boundary with 
time, phase transition a t  the ice-vapor interface, and water vapor dif- 
fusion across both the pore path length of the matrix and the diffusional 
boundary layer just outside the matrix. No unusual water vapor accu- 
mulation is assumed here, i.e., sink conditions. 


I t  is taken that the matrix pores are continuous and fairly uniform, with 
no significant presence of end pores and isolated ice pockets; hence, the 
receding boundary is sharp. The freezing rates have marked influence 
on the distribution, quality, and sizes of the pores and, consequently, on 
the overall lyophilization kinetics (15,16). In the general situation, water 
vapor transport occurs by ordinary (viscous) and free molecular flow ac- 
cording to well-established laws of kinetic motion of gases in pores. The 
general case also includes water vapor adsorption on polar surfaces with 
surface diffusion. 


Throughout the following sections, the definitions of various terms with 
their corresponding units are presented so that the paired set of units will 
yield the correct calculations. 


Flux Expressions-The mass transport of water vapor across the 
boundary layer a t  the matrix surface is expressed by: 


n C" 
H J = - = (PC)(C") (Eq. 1) 


where: 


J = flux per unit of cross-sectional area 
11 = diffusion coefficient of the water vapor, square centimeters per 


H = boundary layer thickness 
second 


I'C = permeability coefficient of the boundary layer, centimeters per 


('0 = concentration of vapor a t  the matrix surface at  x = 0 
second 


The flux per unit of cross-sectional area across the matrix pores for the 
viscous, molecular, and surface diffusion mechanism is: 


t dC c dC* 
T d x  T dx  


JM = -11, - + - D* - (Eq. 2) 


where: 


J M  = llux per unit of area 
I),,  = effective diffusion coefficient for viscous and molecular flow 
I)* = surface diffusion coefficient 


c = volume fraction of water in the total system 
T = tortuosity factor 21.0 and usually 3.0 
c' = concentration of vapor in the pores 


('* = concentration of vapor molecules adsorbed on the matrix surface 


According to the Langmuir adsorption isotherm: 


in the pores 


(Eq. 3) 
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FROZEN 
ADUEOUS SOLUTION 


POROUS BOUNDARY 
M A T R I X  LAVER 


n = 0.5; otherwise, n > 0.5. As will be seen in the next section, A will be 
much greater than nfC,  such that: 


Q = A S  (Eq. 14) 


Thus: 
dQ dS  
dt dt 
- = A -  (Eq. 15) 


EXTERNAL ___, 
HEAT 
TRANSFER 


By combining Eqs. 11,12, and 15 and integrating between the limits of 
S(0)  = 0 and S ( t ) ,  the change in the receding houndary with time is: 


s 2 + e = e s  2 0 s  2 0  C t  
PC A 


(Eq. 16) 


L O H  


RECEDING BOUNDARY 


Figure I -Physical model for lyophilization involving simultaneous 
rrwding boundary of ice-uapor interface and water vapor diffusion 
a~ross  porous matrix and boundary layer and into sink with time. Heat 
lrom an external heat source is transferred across frozen solution t(J 
rrccding ice surface. 


With Eqs. 11 and 14, the change in the amount of water released per 
unit of cross-sectional area is given by the quadratic expression: 


Q' -+ % = 2AD,C,t PC 


where k l  is the adsorption coefficient and kp is the maximum surface 
concentration of adsorption sites. 


Utilizing the chain rule, one gets: 
It is readily observed in Eqs. 17 and 18 that when the transport rate 


is controlled by the matrix, the kinetics directly follow the square root 
of time relationship. Thus: 


dC* dC* dC 
dx = (x) (z) 


whereupon: 


(Eq. 5) 
(Eq. 20) 


With the condition of k l C  << 1, Eq. 5 is simplified considerably to: 


(Eq. 6) 
dC* dC - = k -  
dx dx 


where k = klk2.  This assumption in the Henry's law region of the ad- 
sorption isotherm is reasonable because of the low vapor pressure con- 
ditions employed in lyophilization. It follows that: 


(Eq. 21) 


(Eq. 22) 


(Eq. 23) 


Q = dZD,AC,t 


I t  is explicit in the development of the theory that C,$ is constant 
throughout time; in other words, the vapor pressure and temperature a t  
the ice surface are constant. 


Surface Concentration of Water  Vapor and Pressure-The water 
vapor concentration a t  the ice surface, C, in grams per cubic centimeter, 
may he approximated by the ideal gas law: 


(Eq. 7) 


and, allowing for linear concentration gradients: 


(Eq. 8) 


(Eq. 24) where: 


(Eq. 9) where: 


f ,  = vapor pressure of ice, atmospheres 
R = gas constant, 0.08205 liter atm O K - '  mo1e-I 
Ts = absolute temperature at  the ice surface 
M = molecular weight of water 


The vapor pressure on ice, P,, in millimeters of mercury, is given by the 
following relationship (18) or in critical tables: 


and S is the receding boundary dist.ance and C, is the concentration of 
water vapor a t  the ice surface. 


The continuity of mass flow a t  x = 0 is given by: 


J = J M  (Eq. 10) 


Accordingly, one readily gets: 
CS J M = -  


s 1  -+- 
D, PC 


(Eq. 11) log P,, = - ____ 2445'5656 + 8.231 2 log T - 1677.006 X T 
7' 


+ 120514 X lo-'' 7"'- 6.757169 (Eq. 25)  


It can he determined that a t  -20°, fh i s  1.02 X lo-:' atm and C, is 8.88 
X lO-'g/cms; a t  -loo, P,, and C, are 2.56 X 
g/cm3, respectively. Accordingly, the cited condition of A >> ncC, is 
justified since the amount of water per cubic centimeter, A, is generally 


Diffusivity of Water  Vapor in  Porous Matrix-According to the 
kinetic theory of gases, the flow of vapor molecules in fine pores depends 
on the mean free path relative to the pore radius (18,19). The Knudsen 
number, Kn, is defined by: 


atm and 2.14 X 


2 0.5 g / c d .  


(Eq. 26) 


where is mean free path in centimeters and r,. is the effective pore radius 
in centimeters. The mean free path, the distance a molecule travels hefore 


x K n = -  
rc. 


and, in turn: 


dQ 
JW = (Eq. 12) 


where Q is the amount of water released from the system per unit area 
and t is time. 


Change in Receding Boundary in Matr ix  and Amount of Water 
Released with Time-By using a linear approximation, it can be seen 
in Fig. 1 that: 


Q = S(A - n d , )  (Eq. 13) 


where A is the amount of water per unit volume of the system and n is 
a constant whereby 0.5 5 n < 1 .O. If sink conditions exist at x = 0, i .e.,  
there is no appreciable water vapor accumulation a t  the matrix surface, 
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Table I-Estimates of t he  Water Vapor Diffusion Coefficients at Low Temperatures  and Vapor Pressures  fo r  Different Effective Pore  
Sizes a 


P.9 9 re Diffusion Coefficient X cm2/sec Knudsen 
7; mm Hg Pm nu DK b o r e  Number 


-20° 0.779 


-300 0.293 


25 
50 


100 
200 
25 


2.68 
2.68 
2.68 ~ .. 


2.68 
6.78 


0.91 
1.82 
3.64 
7.28 
0.89 


0.68 
1.08 
1.54 
1.96 
0.79 


10.2 
5.1 
2.5 
1.27 


27.6 
50 6.78 1.78 1.41 13.8 


100 6.78 3.57 2.34 6.9 
200 6.78 7.14 3.48 3.6 


a Values used were: M = l X ,  Po,, = mrn, U H ~ O  = 2.641, OD = 2.613 a t  -20' and 2.662 a t  -noo, and X = 254 wn a t  - 20' and 690 wn a t  -30". 


colliding with another one, is further given by: 


(Eq. 27) 


where d is the molecular diameter of water vapor (3.46 A) and N is the 
number of molecules per cubic centimeter. In turn: 


(Eq. 28) 


where NaL. is Avogadro's number, P is pressure, and the other terms are 
as defined previously. As can be seen, X is inversely proportional to the 
vapor concentration or pressure. 


Gas flow in pores is generally divided into four regimes (20): ( a )  K n  
< 0.01, viscous flow; ( b )  0.01 < K n  < 0.1, viscous slip flow; (c) 0.1 < K n  
< 3.0, transition; and ( d )  3.0 < Kn,  free molecular flow. As the vapor 
pressure approaches near-vacuum conditions, the character of the vapor 
flow progressively changes from viscous to free molecular flow. In viscous 
flow, the diffusional resistance arises from intermolecular collisions; a t  
the other extreme, the diffusional resistance in free molecular flow is due 
to the collision of gas molecules with the pore surface. At pressures helow 
the viscous limit previously indicated, the viscous flow must be corrected 
for slip flow about the pore walls. 


At this point, it is useful to determine the flow regime under which 
lyophilization (low pressures and low temperatures below the eutectic 
temperature) generally occurs. For example, when the average pressure 
in the pnres is equal to one-half the vapor pressure of ice at -20°, X is 1.27 
X cm or 127 pm by Eqs. 25.27, and 28; at  -30°, X is 345 pm. Since 
the effective pore radius is expected to be <I000 pm, Kn will be >0.1. 


5r Total water = 4.75 g m  


1.71 gm-hr-'I2 
at T, = -20' 


at T, = -30" 


1 I I 
2 3 4 


JTmE 
Figure 2 4 ' h a n g ~ s  in amount of water lyophilized with time for two 
.surface trmperatures at the receding front. Theoretical plots are based 
on parameter values in Table II. 


Accordingly, the pore transport of vapor will occur most likely within the 
transition of viscous to free molecular flow regimes. 


In the Knudsen region of free molecular flow, the water vapor diffusion 
coefficient (19,21) is: 


When the following parameters are defined with the units indicated, i .e.,  
r ,  is the effective pore radius in centimeters, R is the gas constant taker1 
as 8.315 X lo7 ergs deg-I mole-', M is the molecular weight, and T is the 
average absolute temperature in the pores, then D K  will have units of 
square centimeters per second. Here, X is much larger than re so that the 
collision of gas molecules with the walls is more probable than that be- 
tween molecules. 


In viscous flow, the ordinary diffusion coefficient for gases, allowing 
for mutual interaction, may be employed (22): 


(Eq. 30) 


where: 


D, = diffusion coefficient for viscous flow, square centimeters per 
second 


Pa,, = average pressure in the pores in atmospheres with respect to 
the vapor pressure of ice and the pressure outside the porous 
matrix 


= (P, - P0)/2 
O-H~O = Lennard-Jones force constant for water 


L2[, = temperature-dependent collision integral 
'I'he U H ~ O  (= 2.641 A) and $2" constants are found in various sources 
(22-24). The values of R n  are 2.613 a t  -20' and 2.662 a t  -GOo. As can be 
seen, D ,  can he rather large at low pressures. 


' Total distance = 1.6 cm 


7 - - - 7 -  
- - - - - - - - - - - -  t c / /  


Slope 


0.58 cm-hr-'I2/ 


1 3 4 
0 


0 
J& 


Figure 3-Receding boundary distance changrs icith time for ticw 
,*urfacr temperatures at the receding front. Theoretical plots arr hasrd 
on paramrter values in Table 11. 
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Table 11-Physical Parameters  Used in Theoretical  Computations of Lyophilization Ratese 


T, P,, mm Hg re, Ctm D,, cm2/sec D., cm2/sec A, g/ml c T 


-20" 0.779 1 0 0  2.68 X lo2 3.64 X lo2 0.95 0.95 3.0 
-30' 0.293 100 6.78 X lo2 3.57 x 102 0.95 0.95 3.0 


a A 5-ml sample was in a 2.0-cm i.d. vial. Total amount of water was 4.75 g. 


The transition of viscous to Knudsen's free molecular flow is not pre- 
cise. While the former is pressure dependent, the latter is not. For prac- 
tical purposes, Pollard and Present (25) provided an approximate ex- 
pression: 


or: 


(Eq. 38) 


(Eq. 31) 


Although the mathematical form implies a physical situation (which is 
not real here) whereby the pore resistance due to viscous flow is in series 
with the pore resistance due to free molecular flow, the expression does 
allow an adequately smooth transition for computational purposes. When 
D, >> DK, Knudsen diffusion will be the rate-controlling mechanism. 


Table I gives estimates of the diffusion coefficients of water vapor a t  
low temperatures and pressures for different pore radii. At -20' where 
the vapor pressure of ice is 0.779 mm Hg and the outside pressure is 
mm Hg, the Dpore is 0.68-1.96 X lo2 cm2/sec for average pore radii of 
25-200 pm. When the average pore radius ( re )  is 25 pm, the vapor 
transport is - 75% controlled by Knudsen diffusion: when re = 200 pm, 
the transport is largely controlled by viscous flow. At the low surface 
temperature condition of -30', Knudsen flow kinetics prevail. 


Owing to the presence of the many hydroxyl groups in lactose and 
mannitol, usually employed as matrix builders, water adsorption is likely, 
e.g., the water vapor adsorption on standard cellulose and cotton cellulose 
(26), for the latter of which the heat of adsorption is 15.7 kcal/mole. A t  
low vapor densities, the mobility of adsorbed molecules occurs mechan- 
istically by two-dimensional "random walk" (27): 


hl &I)* =- 
4T* (Eq. 32) 


where D* is the surface diffusion coefficient in square centimeters per 
second, is the distance between adsorption sites (3 X cm), and 
T *  is the average residence time between lateral jumps in seconds. 


With: 
T j  = T;eE*IRT (Eq. 33) 


7; = residence time related to the vihrational frequency of the solid 


u* = 1/70, the jump frequency being -1Ol2 sec-' 
E* = activation energy for surface diffusion 
RT = thermal energy 


where: 


surface atoms 


Eq. 32 becomes: 


I t  is assumed that the surface is isotropic and that the vapor pressure is 
low. At higher pressures, viscous surface diffusion becomes increasingly 
important due to collision with adsorbed molecules. Cilliland et al. (28) 
let E* vary linearly with the differential heat of adsorption, with the result 
that more strongly adsorbed molecules are less mobile. For physically 
adsorbed molecules, D' values are 10-2-10-5 cm2/sec; for chemically 
adsorbed species, they range from to cm2/sec (29). 


Final Expressions of Matrix-Controlled Lyophilization Kinet- 
ics-When the diffusional rate is controlled by the matrix, it is expected 
to follow the square root of time law. Replacing C,  in Eqs. 20 and 22 with 
24 and expanding D,, one gets for the receding boundary: 


s = " (  7 l/&I)" + 1 l/DK + kD*)  (A) 500A R T, (t)I1/* 
(Eq. 35) 


Likewise, the amount of water released per unit of cross-sectional area 
is: 


Interrelation of Heat  a n d  Mass Transfer-The steady-state rate 
of heat transfer from an external heat source and across the frozen region 
to supply the necessary sublimation energy a t  the ice front (Fig. 1) is: 


hex . K K 


and, in turn, it is related to the lyophilization rate by: 


(Eq. 39) 


where: 


dU/dt = heat flux per unit of area, calories per second per square 


he, = external heat transfer coefficient, calories per second per 


K = thermal conductivity, calories per second per centimeter per 


S = receding boundary, centimeters 


centimeter 


square centimeter per degree 


degree 


Te. = temperature of the external heat source 
TL = temperature at x = - L  of the frozen region 
T, = temperature of the ice-vapor interface 


Affsub = heat of sublimation, 600-700 cal/g 
dQ/dt = lyophilization rate per square centimeter 


I t  can be seen in Eq. 38 that  when K/L >> he,, the supply of heat to the 
receding ice front will be controlled by the external heat transfer system 
(geometry, method of heating, heat transfer mechanism, etc. 1. 


Combining Eqs. 11,38, and 39 and assuming that T, does not change 
with time'. one obtains: 


with: 


From the linear portion of a Q or S uersus 4 plot, one can estimate the 
thermal conductivity, K ,  of the frozen system once Tex and T, are 
known. 


In the region where Eq. 41 is applicable, the lyophilization rates are 
affected not only by external heat transfer factors due to the equipment 
but also hy internal thermal factors characteristic of the material being 
dried. In contrast, the derived rates as described previously (e.g., Eqs. 
35 and 36) focus attention on the frozen system formulation, the ice-vapor 
interface, and the mass transfer processes within the growing dry ma- 
trix. 


DISCUSSION 


To demonstrate the predictions of the model, the lyophilization of a 
5% solution in which 5 ml is frozen in a 2-cm diameter cylinder is used 
as an example. Let the solid additives (drug and matrix builder) and water 
have a density of unity. Therefore, the amount of water per unit volume 
is 0.95 and the porosity, approximated by the volume fraction of water, 
is also 0.95. The total amount of water is 4.75 g. The tortuosity and the 
pore radius are taken to be 3.0 and 100 pm, respectively. Wall effects 
are assumed to be negligible. Two surface temperature cases are con- 
sidered: -20 and -30'. 


When the temperature at the ice-vapor interface changes with the receding 
boundary, it can be evaluated from Eq. 37; thus: 


. .  
Here, T, increases with the receding boundary thickness until S = L, whereby T, 
= TL. If h.,lm << 1.0, then T, = TL. 
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The physical parameters for these conditions are summarized in Table 
11. Figure 2 shows the amount of water lyophilized uersus square root of 
time curves generated by the steady-state expression described in Eq. 
36, whereby the surface diffusion consideration is neglected. As can be 
seen, the lyophilization rates are faster a t  -20” than a t  -30”. Lyophili- 
zation is completed in 7.7 hr a t  the surface temperature of -20’ and in 
13 hr a t  -30”. The linear profiles of the receding boundary with the 
square root of time according to Eq. 35 are observed in Fig. 3. 


Future studies will be directed toward the experimental verification 
of the interdependence of the variables described in this paper. 
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Flame-Ionization GLC Assay for 
Fluorouracil in Plasma of Cancer Patients 
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Abstract A rapid and specific (lame-ionization (;LC method was 
developed for the determination of plasma fluorouracil. The chloro analog 
is used as the internal standard. The method involves the isolation of both 
the drug and the internal standard from plasma on a strong anion-ex- 
change column a t  pH 10. Elution is performed with acetic acid in meth- 
anol. The evaporated eluate is dissolved in tetrahexylammonium hy- 
droxide. An aliquot of the resulting solution is introduced directly into 
the gas chromatograph, where conversion to the hishexyl derivatives and 
suhsequent separation take place. The extraction recovery I‘rom blank 
plasma, to which fluorouracil was added, was 96.8 f 2.4% (SD). Linearity 
was proven in the range from 0 to 26 hg/ml, whereas the detection limit 


~~ ~~~ ~~ 


cif the method was estimated a t  about 2 pglml of plasma. The within-run 
precision was determined a t  three different fluorouracil levels. To  
demonstrate method applicability, plasma samples ohtained from cancer 
patients to whom 1 g of fluorouracil had been administered intravenously 
were analyzed. 


Kcyphrases 0 GLC, flame ionization-analysis, fluorouracil, human 
plasma, in uiuo 0 Antineoplastic agents-fluorouracil, flame-ionization 
G1,C analysis, human plasma, in ciuo o Flr~orouracil -analysis, flame- 
ionization GLC, human plasma, in oiuo 


Fluorouracil has been used for several years in the che- 
motherapeutic treatment of breast, stomach, and colon 
carcinoma. Different investigators administer fluorouracil 
in accordance with their own experience, using various 
dosage schedules (1-4). Systematic observation of fluo- 
rouracil disposition as a function of dosage schedule and 
route of administration in several patients would be 
valuable. Therefore, a rapid, sensitive, analytical method 


for fluorouracil determination in numerous biological 
samples is needed. 


Besides the microbiological bioassays (5,6), few chem- 
ical methods have been published. The spectrophotometric 
assay for fluorouracil(5) lacks specificity and sensitivity. 
GLC methods were reported using flame-ionization de- 
tection (7, 81, electron-capture detection (9), and multi- 
ple-ion detection (10-12). Most of these methods are based 
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OPEN FORUM 


Drug Repackaging 


I would like to comment on the editorial’ “Bureaucratic Overkill,” 
which appeared in the May issue of this Journal. I feel strongly that 
some agency must regulate drug repackaging in hospital pharmacies. 


I am actively engaged with a local hospital in determining the 
stability of drugs after repackaging in unit dose forms. We have found 
that serious stability problems are possible unless proper quality 
control procedures are followed. For example, a number of tablets had 
rusty spots because the repackaging machine was not cleaned 
properly. Furthermore, repacked neomycin sulfate tablets had 
absorbed about 4.5% of moisture in less than 1 month and had become 
discolored. Tablets in the original container (same lot) did not change 
color and absorbed very little moisture. The expiration date was still 
a couple of years away. Moreover, aminophylline tablets had problems 
similar to neomycin sulfate tablets. Needless to say, all of these dosage 
forms had to be removed from the shelves. 


V. Das Gupta 
DepartmeDt of Pharmaceutics 
College of Pharmacy 
University of Houston 
Houston, TX 77004 


Received May 29,1979. 
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Thiazide Bioa vaila bility Studies 


There is a paucity of reports on the absorption and mode of 
elimination of the thiazide diuretics. However, there is general 
agreement’32 that when a thiazide is dissolved in water (in which it  is 
slightly soluble), hydrolysis occurs and an equilibrium is established. 
The extent of this hydrolysis in oioo varies with the thiazide. Our 
studies reveal that for cyclothiazide and methyclothiazide, it varies 
from one individual to another and even in the same individual a t  
different times. 


The hydrolysis product common to the thiazides is 4-amino-6- 
chloro-m-benzenedisulfonamide (I). This compound, which is more 
soluble in water than the thiazides, is absorbed and displays diuretic 
activity3. According to Tust4, “in saline-loaded rats the diuretic 
activity is equivalent to chlorothiazide.” We found that I is excreted 
slowly in humans and can be measured in urine 96 hr after a 250-mg 
dose of chlorothiazide. 


oioo to furnish I in the urine. Examination of the urine of 28 male 
subjects who had been dosed with cyclothiazide, using the Bratton- 
Marshall colorimetric method, revealed that the 24-hr urinary 
excretions of I plus cyclothiazide, calculated as thiazide, ranged from 
10.3 to 57.8% (average 25.4) of the ingested dose. Most of the urines 
were also assayed by a high-performance liquid chromatographic 
(HPLC) method to measure cyclothiazide and I. The urines examined 
contained 5-35% of the cyclothiazide as I. 


When urines are extracted with ethyl acetate to recover thiazide, 
I, even as its hydrochloride salt from urines acidified with 
hydrochloric acid, is also essentially quantitatively recovered. The 
Bratton-Marshall method measures the I formed by hydrolysis of the 
thiazide both in oioo and in oitro and, therefore, usually furnishes 
higher urinary levels than the HPLC method when only thiazide is 
assayed. 


The more potent thiazides normally hydrolyze more extecsively in 


Interferences by urinary constituents when the Bratton-Marshall 
method was used for the determination of sulfonamides in the urine 
were recognized early by Marshall et 01 .  5. As more potent thiazide 
diuretics than chlorothiazide were subsequently introduced, less 
dilution of the urine was possible and these interferences became 
more troublesome6. The purple color, which develops more slowly 
(and is more stable) than the red color from the Bratton-Marshall, is 
produced by certain urinary constituents’. The purple color from 
human urine displays a broad absorption band with a maximum at  
545 nm. However, by a special extraction procedure and measurement 
of the red color a t  500 nm, the interference from urinary constituents 
in humans can be substantially eliminated. 


Urine samples are made alkaline with sodium hydroxide solution 
and heated on a steam bath for about 3 hr to destroy emulsifying 
components, which frequently produce very stable emulsions with 
urine and ethyl acetate. The urine samples are then made acidic with 
an excess of hydrochloric acid, which increases the salt concentration 
and favors more complete extraction of the thiazide and I 
hydrochloride by ethyl acetate. The ethyl acetate is separated, washed 
with a small volume of distilled water, and then extracted quickly 
(10-15 sec) with two portions of 0.1 N NaOH. 


The sodium hydroxide extracts are combined and allowed to stand 
for about 30 min, which permits hydrolysis of dissolved ethyl acetate 
and a drop in pH to about 8.0. This slightly alkaline solution is then 
extracted with fresh ethyl acetate. The ethyl acetate layer is separated 
and evaporated to dryness with a stream of air or nitrogen. The 
residue is completely hydrolyzed to I by treatment with 5 N NaOH 
and evaporation to dryness on a steam bath. Tbe residue from this 
treatment is dissolved in strong hydrochloric acid’ to a predetermined 
volume, and the I is diazotized in the usual manner and coupled with 
N-I-naphthylethylenediamine. The absorbance a t  500 nm is 
determined 15-30 min after the diamine solution has been added. 


Examination of the red color produced by TLC on silica gel revealed 
the presence of a t  least four components. The absorption maximum 
of the red color is 510 nm; by measuring absorbance at  500 nm instead 
of a t  518 nm, as is frequently used, less than a 4% loss in intensity is 
encountered. However, measurement a t  500 nm decreases any small 
interference from human urinary constituents by about 40%. 


Although the HPLC method will measure a thiazide in the urine 
with good precision7, I believe a more meaningful measure of 
bioavailability of the thiazide diuretics, especially those given in 
smaller doses where more of the drug is hydrolyzed, requires an 
HPLC method that measures both I and the thiazide. My 
recommendation is that all thiazide obtained from urine be converted 
to I and that I be measured by an HPLC method to give maximum 
precision and sensitivity. 


This reaction is more complex than a simple diazotization*. 


Hubert W. Murphy 
Analytical Development Division 
Eli Lilly and Company 
Indianapolis, IN 46206 
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Figure I-Chromatograms of human urinary griseofuluin metabolites. 
K P ~ :  A,  untreated sample; and B, the same sample after incubation 
overnight with @-glucuronidase at 37". Peak response in A represents 
the original urine concentration; in B, the urine concentration was di- 
luted to ow-hal f .  The top and bottom chromatograms were obtained 
with fluorescence and UV detection, respectiuely. 


detectors is that the purity of a separated component in 
a chromatogram may be evaluated with the peak response 
ratio of the two detections; if the peak response ratio of a 
component is different from that of the standard, then 
either the peak response represents a different species or 
some impurities may have eluted with the same retention 
time. 


Peaks a and b, which were not observed in the blank 
urine sample, had retention times identical to those of 
standards of 6-desmethylgriseofulvin and griseofulvic acid, 
respectively. Furthermore, the UV-fluorescence peak re- 
sponse ratios of peaks a and b also were the same with re- 
spect to their standards. It is concluded that peak a rep- 
resents 6-desmethylgriseofulvin and that peak b represents 
griseofulvic acid. The presence of griseofulvic acid in urine 
samples was evidenced further in TLC studies. With a 
silica gel plate' and chloroform-methanol (1O:l v/v), two 
urinary metabolites were observed and identified by 
comparison with 6-desmethylgriseofulvin (Rf  0.18) and 
griseofulvic acid ( R f  0.05) standards. 4-Desmethylgriseo- 
f'ulvin ( R f  0.36) was not found in the urine samples. 


The 6-desmethylgriseofulvin standard was isolated from 
dog urine according to a literature method (3). The purified 


SI~ICU gel 60F. 0.05 m m  thick, E. Merck. Darmstadt, West Germany. 


product was positively identified as 6-desmethylgriseo- 
fulvin by a melting-point measurement (4) and by i t s  mass 
spectrum, which was identical with that reported previ- 
ously (5). The griseofulvic acid standard was synthesized 
by reacting griseofulvin with boron tribromide at  -60'. 
The purified product showed a melting point and a mass 
spectrum identical to those reported for griseofulvic acid 
(4,5). The 4-desmethylgriseofulvin standard was prepared 
according to a literature method (4), and it also was iden- 
tified by its melting point and its mass spectrum. 


The griseofulvic acid formation is speculated to occur 
uia microsomal demethylation a t  the Z'-position and 
subsequent tautomerization of the 2'-en01 to the 2',4'- 
dione. The pharmacokinetics of this metabolite and its 
toxicological effect are under investigation. 
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Effect of Instrumental Vibration 
Levels on Dissolution 


Keyphrases 0 Dissolution tests-effects of instrumental vibration, 
tablets Vibration-effect on dissolution tests, tablets 


To the Editor: 


In the process of investigating the dissolution of two 
commercial enteric-coated aspirin tablets, large variations 
in dissolution profiles were observed between two disso- 
lution apparatus (1). The dissolution profiles were followed 
in simulated intestinal juice for 10 hr using the dissolution 
procedure described in USP XIX (2). The apparatus', 
designated left (L) and right (R), were operated at  a 
stirring speed of 50 f 1.5 rpm throughout the study. The 
tablets in the L apparatus dissolved more slowly, leaving 
partial tablet residues after 10 hr of dissolution. Addi- 
tionally, the dissolution profiles were low, indicating poor 
dissolution characteristics. However, in the R apparatus, 
tablets from the same batch dissolved completely in the 
same time period, and dissolution profiles were substan- 


' Haneon Research Corp.. Northridge, Calif 
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Figure I-Dissolution motor control circuit. Modification is indicated 
by arrow. 


8 0 -  


tially higher a t  all times. 
Upon observation, the L motor was noticed to sound and 


feel rough. Vibrations appeared to be the cause of the 
performance differences. Since both dissolution vessels 
were immersed in the same water bath and shared stands 
with the dissolution and stirring motors, vibrations could 
be transmitted by the motors uia the shared stands. These 
vibrations might increase the extent of dissolution. To test 
this hypothesis, the mixers2 and the dissolution motors 
were isolated from each other and from other components 
of the apparatus; supporting stands were sandbagged to 
reduce vibrations. Additionally, the shafts connecting the 
baskets to the dissolution motors were shortened to reduce 
shaft whip. 


After these measures were taken, the dissolution profiles 
improved in likeness but continued to be high for the R 
apparatus. This difference in dissolution profiles could not 
be explained by random error for a given batch of tablets. 
When the dissolution motors were switched, the results 
interchanged. An analysis of variance (ANOVA) showed 


0 2 4 6 8 10 
HOURS 


0 


Figure %--Di.ssolution profiles of L apparatus. Key: 0,  average of three 
obseruations before modification to  rectifying circuit; and 0, average 
of fioe obseruations after modification to rectifying circuit. Vertical bars 
indicate ff SE around the mean. 
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Figure %Dissolution profiles of R apparatus. Key: ., average of three 
observations before modification to rectifying circuit; and 0, average 
of fiue observations after modification to  rectifying circuit. Vertical bars 
indicate f1 SEaround the mean. 


that  dissolution profiles for a given batch were still sig- 
nificantly different a t  the p = 0.03 level, indicating that 
the dissolution apparatus were not operating in a matched 
fashion. Further reduction of vibration levels was neces- 
sary. These observations are in agreement with those of 
Beyer and Smith (3), but differ in that Beyer and Smith 
indicated their sources of vibration to be external in nature, 
such as the circulating pump and activities in the sur- 
rounding environment, originating from various benchtop 
sources. 


The speed control circuit appeared to require a 1000-pF 
capacitor to absorb the high-frequency component of the 
applied pulses and to smooth out the jerky movement of 
the motor. This modification can be observed in Fig. 1; 
connections of the capacitor are designated as dotted lines. 
Subsequently, the dissolution profiles from the same batch 
appeared to be more evenly matched. Hence, unlike earlier 
reports (3), the vibrations we observed seem to have their 
origins within the motor. An analysis of variance after the 
electrical modification determined that the adjustment 
to the circuit decreased vibration levels for each apparatus 
such that the difference between the two was no longer 
statistically significant. While the L apparatus dissolution 
profile did not change very much (Fig. 2), the R apparatus 
had a large reduction in vibration levels, resulting in a 
significant reduction in the dissolution profile at  all times. 
By making the modification to the speed control circuit, 
we were able to reduce the dissolution profile of the R ap- 
paratus by 20-70% in 2-10 hr (Fig. 3). 


Because the capacitor used in the modification did not 
affect both instruments equally, there may be an inherent 
difference between the two dissolution motors. The ad- 
dition of the capacitor treated the symptom but did not 
cure the problem. Even though a better speed control 
circuit may have resulted in even lower vibration levels, 
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Figure 4-Dissolution profiles of both dissolution apparatus after 
modification, indicating matched behavior. Key: 0, average of five ob- 
servations for L apparatus; and 0, average of f ive observations for R 
apparatus. Vertical bars indicate fl SEaround the mean. 


the problem appears to lie within the motor. Such factors 
as the number of poles on the motor, the quality of the 
brushes and the bearings, and the internal lubrication play 
an important role. While the performances of the two ap- 
paratus appeared to be matched statistically, the profiles 
obtained from the R apparatus were consistently higher 
than the L apparatus. This trend was observed throughout 
200 dissolutions. The two dissolution apparatus now ap- 
peared to be matched, as seen by the similarity between 
the dissolution profiles obtained. The overall effect on the 
reduction in vibrations is summarized in Fig. 4. 


Wagner et al. (4) indicated that high stirring speeds, 
such as the 200 rpm used for aminosalicylic acid tablets, 
tended to cause the tablets to disintegrate and dissolve 
with ease, masking the individual differences between 
tablets. At  stirring speeds approximating 50 rpm, these 
individual characteristics were discernible in the differing 
tablet dissolution profiles. At  these lower speeds, vibration 
levels begin to play a more important role and may cause 
a decrease in the dissolution time, suggesting good per- 
formance for poorly dissolving tablets. The apparatus 
differences due to vibration levels may not be detected in 
tablets that dissolve rapidly because the time for vibrations 
to have a significant effect may not exist and the vibra- 


tional component of the motor also may be reduced at  
higher speeds. 


If we assume that vibrations are a t  a constant level and 
cause an increase in the true revolutions per minute, a t  
high speeds the percent change will be small and may be 
unnoticed. However, with dosage forms that dissolve 
slowly due to design or to poor solubility of the active in- 
gredient, the effect of these vibrations may be more ob- 
vious. Standardization in vibration levels should be 
achieved to operate dissolution equipment in a matched 
fashion. To determine whether dissolution equipment are 
mismatched, dissolutions using the same “standard” batch 
of tablets should be run on both apparatus and the results 
compared statistically. Vibrational levels in the dissolution 
apparatus may be partly responsible for differences in 
dissolution data observed between laboratories. 


We suggest that the USP indicate the source and quality 
of the dissolution motor and the electronic equipment 
necessary for its control. Other parameters such as the 
distance from the dissolution motor to the stand sup- 
porting it and the distance from the rotating basket to the 
point connecting the shaft to the dissolution motor should 
be specified; all of these factors yield potentially different 
results with different levels of vibration dampening re- 
sulting in different stirring speeds. 
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Abstract To understand hydrazone formation in hydralazine me- 
tabolism, the reaction of hydralazine with various biogenic aldehydes and 
ketones (acetone, pyruvic acid, acetoacetic acid, formaldehyde, and ac- 
etaldehyde) in pH 7.4 buffer was studied for potential alterations in hy- 
dralazine pharmacokinetics secondary to alcoholism and diabetes. The 
corresponding hydrazones were isolated, and their structures were 
characterized. High-performance liquid chromatography was used to 
monitor the reactions. An aqueous solvent reversed-phase liquid chro- 
matographic system was used to separate hydralazine and its derivatives. 
Reaction of hydralazine with formaldehyde or acetaldehyde produced 
the corresponding hydrazones. Formation of an s -triazolo ring system 
yielded the known s-triazolo[3,4-a]phthalazine and 3-methyl-s-tria- 
zolo[3,4-a]phthalazine metabolites, which also were isolated and char- 
acterized and suggested nonenzymatic metabolism. 


Keyphrases Hydralazine-reaction with biogenic aldehydes and 
ketones, hydrazone formation, high-performance liquid chromatographic 
analysis 0 Antihypertensive agents-hydralazine, reaction with biogenic 
aldehydes and ketones, hydrazone formation, high-performance liquid 
chromatographic analysis High-performance liquid chromatogra- 
phy-analysis, hydralazine reaction with biogenic aldehydes and ketones, 
hydrazone formation 


The mechanism of hydralazine condensation with bio- 
genic aldehydes and ketones is significant. The reaction, 
involving hydrazone formation, may be enhanced in al- 
coholism, diabetes, and fasting states and during prolonged 
hydralazine administration. Hydrazone formation is im- 
portant for investigating hydralazine toxicity and alter- 
ations in hydralazine metabolism and pharmacokinetics. 
While hydrazone formation has been evaluated in uiuo 
(1-5), no supporting chemical studies have been re- 
ported. 


A recently developed high-performance liquid chro- 
matographic (HPLC) method (6) is sufficiently sensitive 
for clinical assay of derivatized hydralazine. The reaction 
of hydralazine,with biogenic aldehydes and ketones ap- 


parently is nonenzymatic. The chemistry in an in uitro 
homogeneous solution a t  physiological conditions should 
be analogous to the in uivo process. Thorough study of this 
chemistry is complicated by the numerous biogenic ke- 
tones and aldehydes available to undergo this condensa- 
tion in uiuo. 


This report describes the use of HPLC to determine the 
overall reaction of hydralazine with biogenic aldehydes and 
ketones to form hydrazones and the subsequent reaction 
of specific hydrazones to form s-triazolo[3,4-a]phthalazine 
and 3-methyl-s-triazolo[3,4-a]phthalazine. HPLC is well 
suited to this objective since the reversible reaction is 
usually sufficiently slow to permit discrete analysis of the 
reaction mixtures. This investigation was undertaken as 
a part of a long-term study of in uiuo hydrazone formation 
from hydralazine in drug toxicity. 


EXPERIMENTAL 


Materials-Hydralazine’, acetaldehyde2, pyruvic acid2, formalde- 
hyde2, 8-chlorotheophylline“, acetone4, and acetoacetic acid4 were used 
as obtained. High purity samples of s-triazolo[3,4-a]phthalazine (IIIa) 
and 3-methyl-s-triazolo[3,4-a]phthalazine (IIIb) were prepared (5, 7) 
and used as standards. 


Apparatus-A high-pressure liquid chromatograph5 was equipped 
with a septumless injedor port6 and variable-wavelength UV absorption’ 
and fluorescence detectorss. The column eluate was monitored by UV 
absorption at  240 nm and by fluorometry with excitation at 240 nm and 


1 Courtesy of Dr. M. Wilhem, Ciba-Geigy, Summit, N.J. * Aldrich Chemical Co., Milwaukee, Wis. 
.9 Sigma Chemical Co., St. Louis, Mo. 
4 Fisher Scientific Co., Pittsburgh, Pa. 


7 Model SF-7?0, Schoeffel Instruments Corp., Westwood, N.J. * Model FS-970, Schoeffel Instruments Corp., Westwood, N.J. 


Model 6000A, Waters Associates, Milford, Mass. 
Model U6K Waters Associates, Milford, Mass. 
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Figure I-HPLC analysis of IIIb formation with I and acetaldehyde. 
The mobile phase was 23% acetonitrile in 0.01 M acetate buffer, pH 4.0, 
with a 1.0-mllmin flow rate. Key: A, standard Illb, 1 pgfml; B, mixture 
of I p g  of Ilml with acetaldehyde after 5 min of mixing; C, Sample B 
after 30 min; and D, Sample B after 45 min. The chromatograms consist 
of both the UV (bottom) and fluorescence (top) detections. Peak a 
represents 8-chlorotheophylline (internal standard); peak b is the in- 
termediate hydrazone IVh; and c and c* are the UV and fluorescence 
peaks of Illb, respectively. 


emission above 389 nm. The UV detector was operated at 0.01 aufs with 
the fluorescence detector at 0.05 pamp full scale. 


Chromatographic Parameters-Unless otherwise mentioned, the 
mobile phase was 17% acetonitrileg in 0.01 M sodium acetate, adjusted 
to pH 4.0 with acetic acid. It  was pumped at  1.0 mumin (1500 psi) through 
a stainless steel column (4 mm i.d. X 30 cm) with a high efficiency 
bonded-phase adsorption packinglo. 


Procedure-The ketone or aldehyde was added to a 4-mi solution of 
hydralazine hydrochloride (1 pglml, 0.05 rM) in 0.1 M phosphate buffer, 
pH 7.4, at 30°. The final concentration of the ketones or aldehydes was 


Nanograde, Mallinckrodt, St. Louis, Mo. 
10 pBondapak CIS, Waters Associates, Milford, Mass. 
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Figure 2-HPLC analysis of IIIa formation from the reaction of hy- 
dralazine with formaldehyde. The mobile phase was 17% acetonitrile 
in 0.01 M acetate buffer, pH 4.0, with a 1.0-mllmin flow rate. Key: A, 
standard I ,  I pg/ml; B, mixture of 1 pg of Ilml with formaldehyde after 
5 min of mixing; C, Sample B after 30 min; and D, Sample B after 45 min. 
The chromatograms consist of both the UV (bottom) and fluorescence 
(top) detections. Peak a represents I; peak b is 8-chlorotheophylline 
(internal standard); peak c is the intermediate hydrazone IVa; and d 
and d* are the UV and fluorescence peaks of I l la ,  respectively. 


Table I-Retention Times of Hydralazine Derivatives with 
Aldehydes and Ketones Measured at a 1-ml/min Flow Rate with 
a Mobile Phase of 17% Acetonitrile in  Acetate Buffer (pH 4) 


Compound 
~ 


Minutes 


1-Hydrazinophthalazine (I) 5.7 
1-Hydrazinophthalazine pyruvic acid hydrazone 4.8 
1-Hydrazinophthalazine acetoacetic acid hydrazone 5.2 
s-Triazolo[3,4-c~]phthalazine (IIIa ) 10.5 
3-Methyl-s-triazolo[3,4-a]phthalazine (IIIb) 18.2 
1-Hydrazinophthalazine acetone hydrazone 21.0 
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Scheme I 
10 jIg/ml. After 30 min, 6 j11 of the reaction mixture was injected into the 
HPLC system. The hydrazones from hydralazine and other derived 
products were identified by comparison to standards of the acetone hy- 
drazone, pyruvic acid hydrazone, and acetoacetic hydrazone of hydral- 
azine prepared by literature procedures (57)  and to IIIa and IIIb. 


(In)-Acetaldehyde (0.3 g, 6.82 mmoles) was added with stirring to 500 
ml of 0.05 M phosphate buffer a t  pH 7.4 and 0.5 g (2.54 mmoles) of 1- 
hydrazinophthalazine (I) at  37'. The reaction mixture was stirred at  37' 
for 10 min and then filtered. The filtrate was dried in uacuo to yield a solid 
residue. Recrystallization from chloroform-ether gave 0.440 g (92%) of 
IVb as off-white crystals, mp 108-110' [lit. (7) mp 108-110°]. 


The 1-hydrazinophthalazine formaldehyde hydrazone (IVa) was 
prepared in the same manner as IVb using formaldehyde instead of ac- 
etaldehyde. 
3-Methyl-s-triazolo[3,4-a]phthalazine (IIIb)-Acetaldehyde (0.3 


g, 6.82 mmoles) was added with stirring to 500 ml of 0.05 M phosphate 
buffer at pH 7.4 and 0.5 g (2.54 mmoles) of I at 37O. The reaction mixture 
was stirred at 37' for 12 hr and then extracted with 3 X 100 ml of chlo- 
roform. The organic phase was dried over anhydrous magnesium sulfate, 
and the volatiles were removed under reduced pressure to give a solid 
residue. Recrystallization from chloroform-ether gave 0.388 g (85.3%) 
of IIIb as off-white crystals, mp 170-171O [lit. (7) mp 170-171']. 
s-Triazolo(3,4-a]phthalazine (IIIa) was prepared in the same manner 


as IIIb using formaldehyde instead of acetaldehyde. 


Chernistry"-Z-Hydrazinophthalazine Acetaldehyde Hydrazone. 


RESULTS AND DISCUSSION 


Hydralazine was reported to condense in uiuo with ketones to form 
hydrazones (2,4,5). While the details are not well understood, the first 
step was to assess the effect of the individual aldehydes and ketones on 
the overall formation of different hydrazones with hydralazine. 


The formation of hydrazone derivatives with hydralazine and cyclized 


l1 Meltin ointa were taken on a Thomas-Hoover capillary apparatus and are 
uncorrectecf t h e  structures were confirmed by comparison of their IR (Beckman 
model 18A) and NMR (Varion T-60 spectrometer) spectra to those prepared from 
standards. 


products was observed, and these compounds were separated using re- 
versed-phase liquid chromatography. The retention times are listed in 
Table I. The linewidths of these peaks were within 1 min. The ketone 
hydrazones of hydralazine did not fluoresce under the conditions em- 
ployed and were detected by UV. On elution, the more polar acetoacetic 
acid and pyruvic acid hydrazones preceded hydralazine. The less polar 
acetone hydrazone had a longer retention time. The chromatogram of 
the acetoacetic acid hydrazone also showed the acetone hydrazone, which 
occurs from the facile decarboxylation of acetoacetic acid. 


The retention times listed in Table I may vary with changes in the 
percent of acetonitrile in the solvent, but the elution sequence remains 
the same. The reactions were supported by synthesis of the hydrazone 
derivatives a t  physiological conditions. In all instances, a reaction time 
of 30 min gave reactions with recrystallized yields of >80%. 


The literature contains numerous examples of the in uiuo formation 
of IIIb, a known major metabolite of hydralazine (8,9), via enzymatic 
acetylation of hydralazine and subsequent dehydration (Scheme I, 
Pathway A) (3,4). Hydralazine reaction with formaldehyde and acetal- 
dehyde for 30 min at  37O resulted in the formation of IIIa and IIIb, re- 
spectively, which showed strong fluorescence and UV absorption. Figure 
1 shows the chromatograms of the reaction mixture obtained during IIIb 
formation using a mobile phase of 23% acetonitrile and a l.O-ml/min flow 
rate. The intermediate hydrazone product was observed prior to IIIb 
formation. Similar reaction intermediates also were found (Fig. 2) in the 
reaction of hydralazine with formaldehyde. 


The results suggest an alternative competitive chemical pathway, B 
(Scheme I). This reaction occurs readily in uitro at  37' a t  pH 7.4 and 
involves the formation of the hydrazones IVa and IVb, which was sup- 
ported by comparison of the retention times to the known hydrazone 
standards. The intermediate hydrazones IVa and IVb were observed 
(Figs. 1 and 2) and were isolated at simulated physiological conditions. 
Cyclization and subsequent oxidation of the 2,3-dihydro-3-methyl-s- 
triazolo[3,4-a]phthalazine (Vlb) to IIIb occurs uia the driving force of 
the ring system to become a completely aromatic system. Numerous 
analogous heterocyclic systems undergo similar oxidation (7, 10). Hy- 
dralazine reacts in uitro at 37', pH 7.4, with formaldehyde to form IIIa 
uia an analogous mechanism. 


This HPLC approach is applicable to numerous related problems, in 
which hydrazines may react with biogenic aldehydes and ketones, because 
of its excellent selectivity and sensitivity (routine detection limits of 5 
ng/ml). The pharmacokinetic importance of this reaction of hydralazine 
remains to be determined. In uiuo experiments are planned. 
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OPEN FORUM 


Drug Repackaging 


I would like to comment on the editorial’ “Bureaucratic Overkill,” 
which appeared in the May issue of this Journal. I feel strongly that 
some agency must regulate drug repackaging in hospital pharmacies. 


I am actively engaged with a local hospital in determining the 
stability of drugs after repackaging in unit dose forms. We have found 
that serious stability problems are possible unless proper quality 
control procedures are followed. For example, a number of tablets had 
rusty spots because the repackaging machine was not cleaned 
properly. Furthermore, repacked neomycin sulfate tablets had 
absorbed about 4.5% of moisture in less than 1 month and had become 
discolored. Tablets in the original container (same lot) did not change 
color and absorbed very little moisture. The expiration date was still 
a couple of years away. Moreover, aminophylline tablets had problems 
similar to neomycin sulfate tablets. Needless to say, all of these dosage 
forms had to be removed from the shelves. 


V. Das Gupta 
DepartmeDt of Pharmaceutics 
College of Pharmacy 
University of Houston 
Houston, TX 77004 


Received May 29,1979. 
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Thiazide Bioa vaila bility Studies 


There is a paucity of reports on the absorption and mode of 
elimination of the thiazide diuretics. However, there is general 
agreement’32 that when a thiazide is dissolved in water (in which it  is 
slightly soluble), hydrolysis occurs and an equilibrium is established. 
The extent of this hydrolysis in oioo varies with the thiazide. Our 
studies reveal that for cyclothiazide and methyclothiazide, it varies 
from one individual to another and even in the same individual a t  
different times. 


The hydrolysis product common to the thiazides is 4-amino-6- 
chloro-m-benzenedisulfonamide (I). This compound, which is more 
soluble in water than the thiazides, is absorbed and displays diuretic 
activity3. According to Tust4, “in saline-loaded rats the diuretic 
activity is equivalent to chlorothiazide.” We found that I is excreted 
slowly in humans and can be measured in urine 96 hr after a 250-mg 
dose of chlorothiazide. 


oioo to furnish I in the urine. Examination of the urine of 28 male 
subjects who had been dosed with cyclothiazide, using the Bratton- 
Marshall colorimetric method, revealed that the 24-hr urinary 
excretions of I plus cyclothiazide, calculated as thiazide, ranged from 
10.3 to 57.8% (average 25.4) of the ingested dose. Most of the urines 
were also assayed by a high-performance liquid chromatographic 
(HPLC) method to measure cyclothiazide and I. The urines examined 
contained 5-35% of the cyclothiazide as I. 


When urines are extracted with ethyl acetate to recover thiazide, 
I, even as its hydrochloride salt from urines acidified with 
hydrochloric acid, is also essentially quantitatively recovered. The 
Bratton-Marshall method measures the I formed by hydrolysis of the 
thiazide both in oioo and in oitro and, therefore, usually furnishes 
higher urinary levels than the HPLC method when only thiazide is 
assayed. 


The more potent thiazides normally hydrolyze more extecsively in 


Interferences by urinary constituents when the Bratton-Marshall 
method was used for the determination of sulfonamides in the urine 
were recognized early by Marshall et 01 .  5. As more potent thiazide 
diuretics than chlorothiazide were subsequently introduced, less 
dilution of the urine was possible and these interferences became 
more troublesome6. The purple color, which develops more slowly 
(and is more stable) than the red color from the Bratton-Marshall, is 
produced by certain urinary constituents’. The purple color from 
human urine displays a broad absorption band with a maximum at  
545 nm. However, by a special extraction procedure and measurement 
of the red color a t  500 nm, the interference from urinary constituents 
in humans can be substantially eliminated. 


Urine samples are made alkaline with sodium hydroxide solution 
and heated on a steam bath for about 3 hr to destroy emulsifying 
components, which frequently produce very stable emulsions with 
urine and ethyl acetate. The urine samples are then made acidic with 
an excess of hydrochloric acid, which increases the salt concentration 
and favors more complete extraction of the thiazide and I 
hydrochloride by ethyl acetate. The ethyl acetate is separated, washed 
with a small volume of distilled water, and then extracted quickly 
(10-15 sec) with two portions of 0.1 N NaOH. 


The sodium hydroxide extracts are combined and allowed to stand 
for about 30 min, which permits hydrolysis of dissolved ethyl acetate 
and a drop in pH to about 8.0. This slightly alkaline solution is then 
extracted with fresh ethyl acetate. The ethyl acetate layer is separated 
and evaporated to dryness with a stream of air or nitrogen. The 
residue is completely hydrolyzed to I by treatment with 5 N NaOH 
and evaporation to dryness on a steam bath. Tbe residue from this 
treatment is dissolved in strong hydrochloric acid’ to a predetermined 
volume, and the I is diazotized in the usual manner and coupled with 
N-I-naphthylethylenediamine. The absorbance a t  500 nm is 
determined 15-30 min after the diamine solution has been added. 


Examination of the red color produced by TLC on silica gel revealed 
the presence of a t  least four components. The absorption maximum 
of the red color is 510 nm; by measuring absorbance at  500 nm instead 
of a t  518 nm, as is frequently used, less than a 4% loss in intensity is 
encountered. However, measurement a t  500 nm decreases any small 
interference from human urinary constituents by about 40%. 


Although the HPLC method will measure a thiazide in the urine 
with good precision7, I believe a more meaningful measure of 
bioavailability of the thiazide diuretics, especially those given in 
smaller doses where more of the drug is hydrolyzed, requires an 
HPLC method that measures both I and the thiazide. My 
recommendation is that all thiazide obtained from urine be converted 
to I and that I be measured by an HPLC method to give maximum 
precision and sensitivity. 


This reaction is more complex than a simple diazotization*. 


Hubert W. Murphy 
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The physical parameters for these conditions are summarized in Table 
11. Figure 2 shows the amount of water lyophilized uersus square root of 
time curves generated by the steady-state expression described in Eq. 
36, whereby the surface diffusion consideration is neglected. As can be 
seen, the lyophilization rates are faster a t  -20” than a t  -30”. Lyophili- 
zation is completed in 7.7 hr a t  the surface temperature of -20’ and in 
13 hr a t  -30”. The linear profiles of the receding boundary with the 
square root of time according to Eq. 35 are observed in Fig. 3. 


Future studies will be directed toward the experimental verification 
of the interdependence of the variables described in this paper. 
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Abstract A rapid and specific (lame-ionization (;LC method was 
developed for the determination of plasma fluorouracil. The chloro analog 
is used as the internal standard. The method involves the isolation of both 
the drug and the internal standard from plasma on a strong anion-ex- 
change column a t  pH 10. Elution is performed with acetic acid in meth- 
anol. The evaporated eluate is dissolved in tetrahexylammonium hy- 
droxide. An aliquot of the resulting solution is introduced directly into 
the gas chromatograph, where conversion to the hishexyl derivatives and 
suhsequent separation take place. The extraction recovery I‘rom blank 
plasma, to which fluorouracil was added, was 96.8 f 2.4% (SD). Linearity 
was proven in the range from 0 to 26 hg/ml, whereas the detection limit 


~~ ~~~ ~~ 


cif the method was estimated a t  about 2 pglml of plasma. The within-run 
precision was determined a t  three different fluorouracil levels. To  
demonstrate method applicability, plasma samples ohtained from cancer 
patients to whom 1 g of fluorouracil had been administered intravenously 
were analyzed. 


Kcyphrases 0 GLC, flame ionization-analysis, fluorouracil, human 
plasma, in uiuo 0 Antineoplastic agents-fluorouracil, flame-ionization 
G1,C analysis, human plasma, in ciuo o Flr~orouracil -analysis, flame- 
ionization GLC, human plasma, in oiuo 


Fluorouracil has been used for several years in the che- 
motherapeutic treatment of breast, stomach, and colon 
carcinoma. Different investigators administer fluorouracil 
in accordance with their own experience, using various 
dosage schedules (1-4). Systematic observation of fluo- 
rouracil disposition as a function of dosage schedule and 
route of administration in several patients would be 
valuable. Therefore, a rapid, sensitive, analytical method 


for fluorouracil determination in numerous biological 
samples is needed. 


Besides the microbiological bioassays (5,6), few chem- 
ical methods have been published. The spectrophotometric 
assay for fluorouracil(5) lacks specificity and sensitivity. 
GLC methods were reported using flame-ionization de- 
tection (7, 81, electron-capture detection (9), and multi- 
ple-ion detection (10-12). Most of these methods are based 
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Table I-Fluorouracil Assay Precision 


c v, - Plasma 
Level, X, 
Ccg/ml Pg/ml ?6 n 


10 10.16 4.79 24 
4 4.21 9.97 16 
2 2.12 10.53 20 


on the chromatography of silyl drug derivatives (7-10) and 
on the use of internal standards such as anthracene (8) and 
thymine (9,ll). These standards are structurally unrelated 
to the compound to be-assayed, and thymine is a possible 
endogenous compound. The mass fragmentographic 
method allows determination of plasma fluorouracil levels 
down to 2 ng/ml(l2) but requires expensive apparatus. 


The present work describes a simple and specific 
method for the determination of plasma fluorouracil levels. 
The procedure can be performed on a routine basis for 
clinical studies of patients receiving fluorouracil 
therapy. 


EXPERIMENTAL 


Reagents-A pH 10 carbonate buffer (ionic strength 0.1) was prepared 
by mixing 25.0 ml of 1 M NaHCO:3 with 50.0 ml of 0.5 M NaZCOs and 
diluting to 1000 ml with double-distilled water. 


A 0.2 M tetrahexylammonium hydroxide solution in methanol was 
prepared as described previously (13).  


All other chemicals and solvents were analytical reagent grade. 
Extraction from Plasma-Blood samples were collected in hepari- 


nized tubes, mixed, and centrifuged to allow plasma separation. The 
plasma was frozen until assayed. An aliquot of 1.0 ml of plasma, 100 pl 
of internal standard solution (20.0 mg of chlorouracil1/1O0 ml of metha- 
nol), and 4.0 ml of pH 10 carbonate buffer were mixed in a 15-ml centri- 
fuge tube. The sample was transferred to a glass column packed with 
anion-exchange resin2 (2 cm X 0.6 cm i.d.). 


Prior to use, the column was washed with 10 ml of 0.3 M acetic acid in 
methanol, and the resin was equilibrated with 10 ml of pH 10 carbonate 
buffer. The entire sample was put through the resin bed. The column was 
consecutively washed with 10 ml of water and 10 ml of methanol. Both 
the drug and the internal standard were eluted with 10 ml of0.3 M acetic 
acid in methanol. The eluate was evaporated to dryness in a water bath 
a t  50° under a nitrogen stream. 


Derivatization-The residue obtained after evaporation was dissolved 
into 25 pI of0.2 M tetrahexylammonium hydroxide in methanol. An al- 
iquot was introduced in the gas chromatograph' injection port. 
CLC and Quantitation-The hexyl derivatives were chromato- 


graphed on a silanized glass column (1.8 rn X 0.2 cm id.) packed with 3% 
Dexsil-300" on 80-100-mesh Gas Chrom Q. A flame-ionization detector 
was used. Nitrogen was the carrier gas a t  a linear velocity of 7 cm/sec. 


c . , . . . . . . .  > 


0 4 8 12 16 0 4 8 12 16 
L/l I NUT E S 


Figure I-GLC of I ml of drug-frpe plasma ( A )  and of I ml of plasma 
spiked with 10 pg of fluorouracil ( R ) .  


I Calbiochem A. G.,  I.ucerne, Switzerland. 


3 Hewlett-Packard model 57506. 
A 6  1 -X4 (Cl-) ,  IO(-2OO mesh, Hio-Had, Richmond, Va. 


Supelci) Inc.. Hellefonte, Pa. 
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MINUTES 
Figure 2-Plasma fluorouracil concentration in Patient B (-), Patient 
VH (. . .) and Patient V W  (--) after administration of a single 1-g in- 
travenous dose. 


Hydrogen and air flows were adjusted to optimum sensitivity. The in- 
jection port, oven, and detector temperatures were 270,230, and 250", 
respectively. 


Quantitation was accomplished by using calibration curves obtained 
from standard fluorouraci15 solutions in methanol or from blank plasma 
to which known amounts of fluorouraci15 had been added. 


RESULTS AND DISCUSSION 


The problems concerning the isolation of fluorouracil, floxuridine, and 
fluorouridine from aqueous solutions and the anion-exchange extraction 
procedure were discussed in previous papers (12, 14, 15). 


Flash alkylation, based on the Hofmann degradation (16), converted 
both fluorouracil and chlorouracil into hexyl derivatives suitable for GLC 
analysis. The derivatives were identified by combined GLC-mass spec- 
trometricfi analysis as N,N'-dihexyl derivatives; the spectral character- 
istics for the fluorouracil derivative were: m/e (relative intensity) 298 (7.1) 
M t ,  215 (54.1) CloHl,jNzOzF+ or M - C6Hl.l t 2H, and 131 (65.5), 
C ~ H ~ N ~ O Z F +  or M - 2C~H13 t 3H. 


Figure 1 shows the gas chromatograms obtained from 1 ml of drug-free 
plasma (A)  and from 1 ml of the same plasma to which 10 pg of tluo- 
rouracil (5-FU) and 10 pg of chlorouracil(5-CIU) had been added (R). 
Because of interference from endogenous compounds, the detection limit 
in plasma was -2 pug/ml. 


Blank plasma samples to which 0-25 pg of fluorouracil/ml had been 
added were taken through the entire procedure. A linear relationship 
existed between the peak height ratios of fluorouracil to chlorouracil and 
the plasma fluorouracil concentration (regression line: y = 0.1 13x t 0.036, 
r = 0.9996). 


The extraction recovery was determined by analyzing plasma samples 
spiked with a known amount of fluorouracil and adding the internal 
standard to the column eluate. The fluorouracil concentration was cal- 
culated from a calibration curve obtained from standard fluorouracil and 
chlorouracil solutions in methanol and submitted to flash hexylation 
under the circumstances outlined. An extraction recovery of 96.8 f 2.4% 
( S D )  was calculated. 


Three plasma pools containing various amounts of fluorouracil were 
analyzed on the same day (Table I). The values for the coefficients of 
variation ( C V )  indicate that the overall method reproducihility is satis- 
factory. 


6 Sigma Chemical Cn., St. Louis, Mi). 
I.KB model SOOOS; :1% Dexsil-:100 (1.8 m X 0.2 cm i.d.1 Gas Chrom Q (100-120 


mesh); helium flow, 30 ml/min; 20 ev; injector, oven, and separator temperatures 
of 260,230, and 275', respectively. 
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Method accuracy was checked by analyzing some samples with the 
G I L  method and with a previously described UV method (17). The re- 
sults were plotted against each other and correlation analysis revealed 
a correlation coefficient, r, of 0.9960 (regression line: y = 1.028~ + 
0.203). 


Plasma samples collected a t  different time intervals from six cancer 
patients to whom 1 g of fluorouracil had been administered intravenously 
were analyzed. Control runs with plasma blanks, collected before the drug 
administration, showed no major interfering peaks eluting in the regions 
corresponding to the drug or to the internal standard. 


Figure 2 shows data obtained from three representative patients. In 
all cases, the fluorouracil concentration leveled off rapidly, with no 
measurable plasma levels occurring after 60 rnin and for three patients 
after 90 min. After an extremely short distrihution phase, the drug ap- 
pears to be eliminated hy a logarithmic linear phase. The applicability 
of the method to these patients indicates that the procedure is suitable 
for clinical pharmacological studies on fluorouracil. 
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Abstract 0 The epithelial surface or the deepithelialized anterior 
stromal surface of isolated rabbit corneas was perfused for 3 hr with 
L4C-penicillin in 25 mM Ringer-bicarbonate solution with or without 
1% albumin and with or without 0.02% cetylpyridinium chloride. The 
intact epithelium acted as a barrier to penicillin and impeded the flux 
rate by 66% when compared to the tlux rate across the deepithelialized 
cornea. The presence of 0.02% cetylpyridinium chloride increased the 
penicillin flux rate across corneas with an intact epithelial layer to that 
of deepithelialized corneas. Cetylpyridinium chloride, 0.02%, had no effect 
on penicillin flux across deepithelialized corneas. The penicillin flux rate 
across corneas, with or without epithelium, was increased slightly fol- 
lowing the inclusion of 1.0% albumin in the bathing solution. The flux 
rates across deepithelialized corneas in the presence of albumin, with or 
without cetylpyridinium chloride, were similar to fluxes found in the 
absence of albumin. Albumin-penicillin “binding” was not a significant 
factor in impeding penicillin flux, and this binding apparently was not 
altered by cetylpyridinium chloride. The surfactant appeared to alter 
epithelial permeability physiologically. 


Keyphrases Cetylpyridinium chloride-ffect on corneal permeability 
to penicillin, effect on epithelium o Surfactants-cetylpyridinium 
chloride, effect on corneal permeability to penicillin, effect on epithelium 


Benzylpenicillin-corneal permeability, effect of cetylpyridinium 
chloride 


The penetration efficiency of most topically applied 
drugs is very small, but penicillin penetration is especially 
poor (1 ,2) .  Poor intraocular drug levels have been attrib- 


uted (3) both to rapid drug removal by tears and to drug 
binding to the tear protein, thus rendering the drug bio- 
logically unavailable. Inclusion of 0.02% cetylpyridinium 
chloride with pilocarpine nitrate when applied topically 
to the rabbit eye caused 10 times the miotic effect of the 
same amount of pilocarpine without cetylpyridinium 
chloride. Previous investigators (4) hypothesized that 
cetylpyridinium chloride was a competitive inhibitor of 
pilocarpine protein binding and that the cetylpyridinium 
chloride allowed a higher percentage of drug to be unbound 
and bioavailable. 


Cetylpyridinium chloride, when applied to the cornea, 
increased fluorescein penetration across the cornea; 
transmission electron microscopy revealed increased in- 
tercellular spaces in the superficial epithelial layer and lysis 
of the outermost cell membranes (5) .  Scanning electron 
microscopy revealed a lbss of epithelial microvilli and 
microplicae, a process accompanied by surface pitting, 
which exposed deeper epithelial cells (6). 


The purpose of this investigation was to delineate fur- 
ther the mechanism of cetylpyridinium chloride in in- 
creasing drug penetration into the eye by examining its 
effects on the corneal flux rate of a known albumin-bound 
drug. 
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BOOKS 


REVIEWS 


Index Nominum 1978.9th Ed. The Swiss Pharmaceutical Society. 1977. 
xiv + 814 pp. 21 X 30 cm. Price $88.00. Available from Drug Intelligence 
Publications, 1241 Broadway, Hamilton, IL 62341. (Introduction in 
French, German, and English; text in French.) 
This edition of Index Nominum introduces a two-column format, al- 


lowing the incorporation of additional information while maintaining 
this reference asa single volume. As in the preceding edition, this volume 
uses a single alphabet to list International Nonproprietary Names (INN) 
and other generic names, trade names and manufacturers, chemical 
names and structures, pharmacopeial monographs on each drug, and 
main therapeutic uses. More than 3645 compounds and derivatives, in- 
cluding 270 new entries, are listed in this edition, along with more than 
24,000 references. Several listings of derivatives were transferred to the 
entry of the parent substance, and numerous entries concerning obsolete 
o r  poorly defined substances were deleted. 


Features retained from previous editions include the listing of mono- 
graph titles from internationally important pharmacopeias under 
“Monographie,” the distinction of new listings by a point preceding the 
name or synonym, and the English translation of expressions used in the 
designations (which remain in French). The convenience of consulting 
only one cross-reference to find the main entry is continued in this edi- 
tion. Cross-references to the main entry now include a dash instead of 
“voir.” Several new signs and abbreviations were added. 


Staff Reoiew 


Pharmacy in Eealth Care and  Insti tutional Systems. Edited by 
PEDRO J. LECCA and C. PATRICK THARP. C. V. Mosby, 11830 
Westline Industrial Drive, St. Louis, MO 63141.1978.275 pp. 18 X 25 
cm. Price $13.95 
The purposes of this book are “to identify and examine the more im- 


portant concerns being raised by the interaction between pharmacy 
practice and the health establishment, to provide an interdisciplinary 
base of understanding of health care and institutional systems, to an- 
ticipate the difficulties that  lie ahead and to indicate the probable di- 
rection of future developments.” These are broad and grandiose objec- 
tives for a book of readings, and the reader closes this book with the 
feeling that  none of them has been achieved. 


For example, there is no reference to or mention of physicians, nurses, 
dentists, podiatrista, or any other health professional. It is difficult to 
understand how the authors can “provide an interdisciplinary base of 
understanding of health care and institutional systems” when the roles 
and attitudes of other health professionals are not discussed. Moreover, 
there is little discussion of “future developments.” In fact, the last section 
is titled, “Current Trends.” 


The book has four basic sections: Part One, “Considerations in Health 
Care and Institutional Systems”; Part Two, “The Health Care System”; 
Part Three, “Health Care Institutions”; and Part Four, “Current 
Trends.” Each section is composed of three chapters; all chapters present 
extensive bibliographies for the interested reader. Dr. Lecca is the author 
of Chapter 1, “The Introduction,” and Chapter 5, “Pharmacy in Com- 
munity Health Planning.” Dr. Tharp is the author of Chapter 9, “Phar- 
macy in Group Practice and Pharmacy Foundations.” 


The brief biographical sketches on the title page do not adequately 
indicate the extent of the authors’ experience with health care and in- 
stitutional systems. Dr. Lecca is presently the Assistant Commissioner 
of Interagency Affairs, New York City Department of Mental Health & 
Mental Retardation. Dr. Tharp is the Director of Technical Services, 
Applied Technology Division of K. V. Pharmaceutical Co. A description 
of the authors’ backgrounds in health care services is necessary for readers 
unacquainted with their work. 


There are a number of basic flaws in the book. One is an overall lack 
of editorial supervision; pharmacy manpower is adequately addressed 
in Chapter 3, yet Chapters 2 and 4 contain information on this topic. The 
same problem occurs for skilled nursing facilities. They are discussed 
thoroughly in Chapter 7, yet Chapter 8 also discusses this area. Another 
problem is that information in many chapters is now outdated, such as 


the extensive undiscussed tables on national health insurance proposals 
for 1974 in Chapter 2 and Pharmacy Foundations in Chapter 9. Fur- 
thermore, the connection between the content in Chapters 10 and 11 and 
institutional systems is unclear. The sequencing of chapters is also in- 
appropriate: Chapter 4, “The Health Care System-An Overview,” 
should be Chapter 1. Some chapters cover their intended objective in 
depth, others are incomplete; for example, Chapter 8 fails to discuss 
long-term care facilities, and Chapter 5 does not present a discussion on 
Area Health Educational Centers. 


A few chapters stand on their own for providing good information and 
data on their respective subjects such as Chapter 2, “Cost Control”; 
Chapter 3, “Institutional Pharmacy Manpower”; Chapter 4, “An Over- 
view of the Health Care System”; Chapter 7, “Institutional Service in 
Hospitals”; Chapter 10, “The Impact of Sociological Research; and 
Chapter 11, “Planning Development and Evaluation of Continuing Ed- 
ucation.” Other chapters are incomplete such as Chapter 6, “Clinical 
Pharmacy in the Health Care System”; Chapter 8, “Nursing Home 
Pharmacy Services”; and Chapter 9, “Pharmacy in Group Practice and 
Pharmacy Foundations.” 


Because much of the information in this book is already outdated, it 
has little value other than as a historical reference. For someone interested 
in reviewing early national health insurance legislation and community 
health planning prior to 1977, Chapters 2 and 5 might be of interest. The 
value of this book to the experienced teacher and researcher in the social 
and administrative sciences is only temporary and may have passed. For 
anyone who scans Current Contents for social and behavioral sciences 
and International Pharmacy Abstracts and maintains a respectable 
reprint file, this book is not worth ita price. I t  may have limited value as 
a reference source in an undergraduate pharmacy course on pharmacy 
and health care. 


Reoiewed by Jean Paul Cagnon 
School of Pharmacy 
University of North Carolina 
Chapel Hill, NC 27514 


Annual Reports  i n  Medicinal Chemistry, Vol. 13. Edited by F. H. 
CLARKE. Academic Press, New York, N.Y. 1978.337 pp. 
Volume 13 of “Annual Reports in Medicinal Chemistry” continues the 


series tradition of updating various major research areas in medicinal 
chemistry. Also, several brief chapters highlight research trends in new 
areas of interest or in areas with which most medicinal chemists are less 
familiar. 


Like previous volumes in this series, Volume 13 is divided into six 
sections: Central Nervous System Agents, Pharmacodynamic Agents, 
Chemotherapeutic Agents, Metabolic Diseases and Endocrine Function, 
Topics in Biology, and Topics in Chemistry. Each section is subdivided 
into five or six chapters of approximately 10 pages each. The section on 
Central Nervous System Agents contains the standard chapters on an- 
tidepressants, antipsychotic agents, narcotic analgesics, and antianxiety 
agents, the latter chapter being further subdivided into benzodiazepines 
and nonbenzodiazepines. In addition, these and other chapters deal with 
the most recent work on dopamine agonists, agents affecting CABA, and 
opiate receptors, reflecting current research interests in these important 
areas. 


Pharmacodynamic Agents covers topics including antiallergy drugs, 
diuretics, and antihypertensive agents. Unlike recent volumes which have 
covered specific cardiovascular areas in detail, Volume 13 contains a 
chapter entitled Agents for the Treatment of Heart Failure. This chapter 
outlines advances in areas such as the cardiac glycosides, vasodilators, 
P-adrenoreceptor stimulants, phosphodiesterase inhibitors, and cardiac 
stimulant peptides. Included also in this section is an interesting chapter 
on a rarely reviewed topic: Inhibitors of the Renin-Angiotensin 
System. 


The section on Chemotherapeutic Agents contains a wealth of the most 
recent research findings on antibiotic, antifungal, antineoplastic, anti- 
parasitic, and antiviral agents. In addition, there is an impressive review 
of the structure-activity relationships of “non-classical” p-lactam anti- 
biotics, i.e., p-lactam antibiotics in which the bicyclic nucleus has been 
altered. Metabolic Diseases and Endocrine Function covers chronic 
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Abstract A rapid, specific, and sensitive liquid chromatographic assay 
for minocycline in human serum is described. The drug and an internal 
standard (oxytetracycline) were extracted into ethyl acetate from 0.5 ml 
of buffered serum (pH 6.5). Chromatographic separation was achieved 
on a 10-pm Lichrospher 100 CH 8 column with acetonitrile-citric acid 
(0.1 M) as the eluent. The column effluent was monitored at  352 nm. The 
assay was linear up to 3 pglml with a mean coefficient of variation of 3.3% 
(n = 6). An extraction recovery of 89.4 f 3.2% (mean f SD, n = 17) was 
obtained over the 0.5-2.6-pglml range. The detection limit averaged 50 
ng/ml. A serum concentration-time profile in humans after oral intake 
is presented. 


Keyphrases 0 Minocycline-analysis, liquid chromatography, human 
serum 0 Antibiotics-minocycline, liquid chromatographic analysis, 
'human serum 0 Liquid chromatography-analysis, minocycline in 
human serum 


A new generation of semisynthetic tetracyclines has 
almost completely replaced the older group members in 
antibiotic therapy. Removal of the hydroxyl group a t  C-6 
of the molecule yields acid-stable 6-deoxytetracyclines (l), 
which now are amenable to substitution at  C-7 (2). A new 
series of highly active, alkylated 7-amino-6-demethyl-6- 
deoxytetracyclines was developed (3), of which minocy- 
cline (I) showed the most favorable properties. The addi- 
tional dimethylamino group at C-7 accounts for better lipid 
solubility (4) and, consequently, for improved pharma- 
cokinetics in humans (5). This compound has the highest 
biological activity among the tetracyclines and still oc- 
cupies a unique position in broad spectrum chemotherapy 
(6). In addition, because the uptake mechanism of mino- 
cycline in bacteria is different from that of other tetracy- 
clines (7), it remains active against tetracycline-resistant 
pathogens, including staphylococci (3,6,8). 


BACKGROUND 


Long-term treatment of patients with minocycline requires monitoring 
of serum levels (9). Therefore, the possibility of metabolism in viuo was 
suggested (10,ll). Existing microbiological (12) and fluorometric (13-15) 
assays have limited use because they lack specificity. 


A few TLC methods for various tetracyclines in pure solutions include 
the separation of minocycline from its analogs (16,17) but lack the sen- 
sitivity required for application to biological materials. Liquid chroma- 
tography offers a valuable alternative; it allows separate quantitation 
of the parent drug and its metabolites (including those devoid of anti- 
microbial and/or fluorescent activity). Only two papers have dealt with 
liquid chromatography of minocycline. The first employed pellicular 
ion-exchange column systems (18) with poor efficiency and sensitivity. 
Theother descrihed a complex mobile phase and gradient elution (19). 
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A major disadvantage is the considerable time (25-44 min) required to 
separate minocycline from its analogs. 


Some high-pressure liquid chromatographic (HPLC) procedures for 
the determination of three classical tetracyclines in biological fluids were 
reported but were not applied to minocycline (20-23). A similar assay 
for doxycycline in serum and urine (24) undoubtedly could be adapted 
to tetracyclines other than minocycline. 


This paper presents a new and efficient reversed-phase system for the 
specific and sensitive determination of minocycline in human serum. 


EXPERIMENTAL 


Reagents-All chemicals' were analytical grade and were used as 
received. Distilled water was used to prepare the solutions. A pH 6.5 
phosphate-sulfite buffer consisted of 1.2 M monobasic sodium phosphate 
and 2.0 M sodium sulfite. Standard minocycline* solutions (10 and 30 
pcg/ml) were prepared in water adjusted to pH 4.2 with 0.1 M HCl. This 
optimal pH (4) provided stable solutions for at least 1 week when stored 
at  4' and protected from light. 


O~ytetracycline~ was dissolved in 0.03 M HCl(50 pg/ml) and was stable 
for several months (25). Methanolic solutions of ascorbic acid (0.2% w/v) 
and cysteine (0.1% w/v) were prepared. A 10% (v/v) solution of hexa- 
methyldisilazane in toluene was used to silanize the glassware. 


Apparatus and Operating Conditions-The liquid chromatograph 
was equipped with a constant-flow pump4, a sampling valve5 with a 2 0 4  
loop, and a variable-wavelength detector6. A 15 X 0.32-cm i.d. column 
was packed with 10-pm Lichrospher 100 CH 8* under the following 
conditions: carbon tetrachloride slurry, lO% (w/v); packing pressure, 34.47 
MPa; and pressurizing liquid, acetonitrile. Elution was performed with 
9% (v/v) acetonitrile in 0.1 m citric acid at  a flow rate of 1 ml/min (3.45 
MPa). The column effluent was monitored at  352 nm. 


Extraction-Serum, 0.5 ml, 50 pl of the internal standard solution, 
and 1 ml of phosphate-sulfite buffer were mixed? thoroughly and ex- 
tracted with 6 ml of ethyl acetate on a rotating mixer8. After centrifu- 
gation at  3000 rpm, the organic layer was transferred to a conical tube 
containing 100 pl of ascorbic acid and cysteine in methanol. The mixture 
was evaporated to dryness at room temperature under vacuum9. The 
residue was dissolved immediately in 200 pl of 9:91 (v/v) acetonitrile- 
hydrochloric acid (0.1 M), and a 20-4 aliquot was injected on top of the 
liquid chromatographic column. 


The same procedure was applied to urine samples (100-200 pl), using 
0.4 ml of buffer solution and 2.5 ml of ethyl acetate. 


Standard Curves-Standardization samples were prepared by adding 
26-51 pl of the minocycline stock solutions to 0.5 ml of a blank serum pool. 
Calibration curves were constructed by plotting peak height ratios (mi- 
nocycline to internal standard) versus the corresponding minocycline 
concentration. 


Blood Concentrations-A human volunteer received two 100-mg 
capsules PO just after a light breakfast. Venous blood samples were 
withdrawn at 0.5,1,1.5,2,3,4,8,12,25,49, and 78 hr after dosage. Blood 
serum was isolated and stored at  -20' until analyzed. 


RESULTS AND DISCUSSION 


Chromatography-A suitable chromatographic system for mino- 
cycline was critical in the development of a specific assay. During earlier 
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Table I-Capacity Factors (k’) of Tetragyclines on a 10-pm 
Lichrosoher 100 CH 8 Column (15 X 0.32 cm i.dJ a 


Compound 


Minocycline 
Lymecycline by-product 
Lymecycline 
4-Epitetracycline (quatrimycin) 
Oxytetracycline 
Rolitetracycline 
Tetracycline 
4-Epidemeclocycline 
Demeclocycline 
Chlortetracycline 
Methacycline 
Doxycycline 
Anhydrotetracycline 
4-Euianhvdrotetracvcline 


k‘ 


2.2 
3.2 
4.9 
6.3 
6.6 
7.9 


10.0 
10.6 
16.6 
33.7 
60.1 
76.2 


>80.0 
>80.0 


0 The eluent was acetonitrile-0.1 M citric acid (9:Ql v/v). and the temperature 
was ambient. 


studies, efficient and reproducible reversed-phase systems were estab- 
lished for all tetracyclines except minocycline (24,26). Minocycline always 
eluted as a severely tailing peak, useless for quantitation. This chroma- 
tographic behavior, atypical for tetracyclines, is associated with the 
presence of two dimethylamino groups, affording strongly different 
physicochemical properties. 


Lichrospher 100 CH 8, a recently marketed reversed-phase packing 
material, consists of spherical particles with a large pore size, 100 A in- 
stead of the usual 60 A. The potential of larger pore particles for the 
chromatography of relatively large molecules was suggested previouslylO. 
Although its smaller surface area and carbon content predicted smaller 
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Figure 1-Chromatograms of serum containing 1.5 fig of minocy- 
rlinelrnl ( A )  and of blank serum (R) .  Key: I and2,possible minocycline 
ntetabolites;3. rninocycline; and 4, oxgtrfruc>clinc~ (rnfernal standard). 
The floui rate iiias I mllmin, the temperature was ambient, and the chart 
spced ions 0.5 crnlmin. 


Table 11-Minocycline Extraction Recovery from Human Se rum 


Added, Measured, Recovery, 
~ g / m l  figlml ?6 


0.51 0.45 87.4 
0.51 0.43 84.8 
0.91 0.81 89.3 
0.91 0.81 89.3 
1.44 1.27 88.5 
1.44 1.26 87.8 
1.44 1.32 91.7 
1.44 1.31 91.1 
1.44 1.23 85.7 
1.44 1.33 92.5 
2.00 1.83 91.5 
2.00 1.67 83.6 
2.55 2.27 89.1 
2.55 2.38 93.6 
2.55 2.19 86.0 
2.55 2.39 93.8 
2.55 2.38 93.6 


89.4 f 3.2 Mean f SD 


capacity ratios, the material showed a unique selectivity for the different 
tetracyclines. With an acidic mobile phase, which is essential for the 
chromatography of other tetracyclines (26), good peak shape (asymmetry 
factor 1.3) and reasonable column efficiencies (h  = 10 at a flow rate of 
1 mllmin) were obtained. 


Table I lists the k’ values of different tetracyclines on the Lichrospher 
column. The elution sequence of tetracyclines on this packing material 
essentially could be related to their partition behavior at pH 2.1, i .e.,  the 
mobile phase pH, in a two-phase in uitro model (27). High partition 
coefficients (octanol-aqueous buffer) correspond to strong retention. 
Although minocycline was the most lipophilic of the tetracyclines (a t  
neutral pH), its low capacity ratio was not surprising. As a result of its 
two dimethylamino cationic groups, its apparent partition coefficient 
a t  pH 2.1 is zero (27). Consequently, no other commonly used tetracy- 
clines will interfere in this system. 


The described elution pattern also excluded several derivatives from 
use as an internal standard. Only three early eluting compounds were 
considered. Lymecycline was unsuitable because it is very unstable (three 
decomposition peaks in the chromatogram). Epitetracycline (qua- 
trimycin) gave poor extraction yields, as expected from its stranger basic 
character (28). However, oxytetracycline fulfilled the conditions of sta- 
bility and extraction yield and was chosen as the internal standard. 


Extraction-Several general problems involved in tetracycline ex- 
traction were discussed elsewhere (24). The direct application of a dox- 
ycycline extraction procedure (24) to minocycline resulted in unsatis- 
factory extraction yields. The acid-base characteristics of minocycline 
differ markedly from those of other tetracyclines. A fourth pKa value (4), 
assigned to the dimethylamino group at C-7, accounts for a higher isa- 
electric point of 6.5. The partition into an organic solvent such as ethyl 
acetate is maximal around this pH. Thus, a pH 6.5 buffer system pro- 
duced significantly higher extraction yields. A phosphate-sulfite buffer 
provided cleaner extracts than a previously described phosphate buffer 
(14). The advantages of concentrated sulfite-containing buffers for tet- 
racycline extraction were noted previously (13,24). 


Minocycline is more susceptible to oxidation than the other tttracy- 
clines (4). For example, thiol-containing substances were reported to 
possess tetracycline-stabilizing properties (29). Therefore, antioxidants 


Table 111-Calibration Curve Linearity and  Precision fo r  0.56- 
2.83 pg/ml (n = 6) 


Mean 
Normalized SD, c v, 


Dav PHRO, (ua/ml)-’ (fijdmO-’ ?6 


1 0.539 
2 0.513 
3 0.503 
4 0.545 
5 0.512 
6 0.508 


Average 0.520 


0.008 
0.014 
0.024 
O.Ul6 
0.032 
0.008 
0.017 


1.5 
2.7 
4.7 
2.9 
6.2 
1.6 
3.3 


If) .I. H.  M. Van den Berg. Institute of’Technology, Eindhoven, The Netherlands, 
personal communication. 


Normalized PHR equals the peak height ratio of each minocycline standard 
divided by the corresponding concentration. 
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Table IV-Day-to-Day Precision Data over a Period of 6 Days (a 
= 6) 


Mean 
Concentration, Normalized SD, c v, 


ccg/ml PHR’, (pg/rnl)-’ (pg/ml)-l 96. 
0.56 
0.92 
1.44 
2.00 
2.55 
2.83 


0.507 
0.508 
0.528 
0.527 
0.520 
0.529 


0.039 7.6 
0.019 3.7 
0.020 3.8 -.- ~ 


0.022 4.1 
0.020 3.9 
0.013 2.6 


a See footnote to Table 111. 


such as cysteine and ascorbic acid were added routinely. In addition, 
ascorbic acid should have a protecting effect against epimerization at C-4 
of certain tetracyclines (24). In general, slightly higher extraction yields. 
were obtained by including these preservatives. 


Considerable response loss occurred when the extraction residue was 
dissolved in a small volume of chromatographic solvent. The use of 
stronger acids, e.g., 0.1 M HCl or H2.904, overcame the problem. Solution 
filtration before injection is recommended but is not necessary. When 
filtration is employed, silanized filters should be used to avoid adsorption 
losses (.%lo%). Without filtration, no considerable column efficiency 
decrease was observed after the injection of several hundred serum ex- 
tracts. 


Extraction Recovery-Extraction recovery was evaluated by ana- 
lyzing spiked serum samples. In these experiments, the internal standard 
was added after transfer of the organic phase. Calibration data were ob- 
tained by carrying out the same analysis, without extraction, of mino- 
cycline and internal standard solutions in ethyl acetate, starting from 
the evaporation step. The results (Table 11) indicate reasonably constant 
extraction yields (84.8-93.8%) over the entire therapeutic range (0-2.8 
pg/ml). 


Linearity, Precision, and Sensitivity-A linear relationship was 


A B 
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I 
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Figure 2-Chromatograms of urine from a patient after 200 mg of mi- 
nocycline PO ( A )  and of blank urine ( R ) .  Key: 1 and 2, unidentified 
metabolites; and 3, minocycline. The flow rate was 0.5 mllmin, and the 
chart speed was 1 cm/min. 


O4’ . 4 ’ 8 . 12 24 fh 
HOURS AFTER DOSE 


Figure 3-Serum minocycline levels in a human volunteer following 
a single oral 200-mg dose. 


found over the 0-3-pglml range. Calibration data obtained on 6 consec- 
utive days ark summarized in Table 111. Precision was evaluated by cal- 
culating variations on normalized peak height ratios (peak height ratio 
of each standard divided by the corresponding minocycline concentra- 
tion). A pooled standard curve of mean peak height ratios versus con- 
centrations based on all data was calculated by linear regression fitting 
( y  = 0 .531~  - 0.012, r = 0.9998). Day-to-day variations (CV) on nor- 
malized peak height ratios for six concentrations ranged from 2.6 to 7.6% 
(Table IV). 


The detection limit with a 0.5-ml sample was -50 ng/ml. This limit 
corresponds to a serum concentration resulting in a peak height equal 
to four times the signal-to-noise ratio. 


Applicability-The overall procedure is very convenient for routine 
determinations because of its simplicity and speed (one analysis may be 
completed in <45 min). A typical chromatogram of a serum extract from 
a patient who received 200 mg of minocycline PO is presented in Fig. 
1A. 


As shown by a blank serum chromatogram (Fig. lB),  no interfering 
peaks were observed. Two small additional peaks (1 and 2) eluted before 
minocycline. They possibly were associated with some polar metabolites. 
This assumption was supported by the analysis of a urine extract from 
the same patient (Fig. 2). Two large peaks with the same retention times 
were visible, representing >50% of the total drug content in the urine 
sample. Their isolation and identification are now under study. 


As an illustration, serum minocycline levels as a function of time were 
studied in a human volunteer following a single oral 200-mg dose. Serum 
levels were plotted versus time and yielded the profile shown in Fig. 3. 
A peak serum level of 2.1 pglml was reached after 3 hr; 45 hr later, 0.22 
pg/ml still could be measured accurately. A very small peak was detected 
78 hr after dosage and corresponded to -50 ng/ml, the detection limit. 
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Abstract  D An in uit ro method employing an iodide-specific electrode 
!'or monitoring lactoperoxidase-catalyzed iodination is described. The 
method utilized lactoperoxidase, potassium iodide, and a glucose-glucose 
oxidase system for the generation of hydrogen peroxide and I-tyrosine. 
As iodination of 1-tyrosine proceeded, the free iodide concentration in 
solution decreased and was monitored by an iodide-specific electrode. 
The iodide electrode was reliable when compared to a 13'I-method for 
measuring free iodide changes in solution. Increasing concentrations of 
resorcinol, a well-known inhibitor of thyroid peroxidase-catalyzed io- 
dination, in the reaction mixture resulted in graded inhibition of the 
initial rate of lactoperoxidase-catalyzed I-tyrosine iodination. This in 
uifro system can be used to assess inhibitory activity of various anti- 
thyroid substances. 


Keyphrases I-Tyrosine-iodination, lactoperoxidase catalysis, ki- 
netics, in uitro, iodide-specific electrode 0 Lactoperoxidase-1-tyrosine 
iodination, catalysis, kinetics, in uitro Resorcinol-inhibitory activity, 
kinetics, iodide-specific electrode 0 Iodination-I-tyrosine, lactoper- 
c~xidase catalysis, kinetics, in ui t ro ,  iodide-specific electrode 


Several recent investigations were conducted to study 
the kinetics of thyroid peroxidase-catalyzed iodination, 
the reaction responsible for thyroid hormone synthesis 
(1-4). Since thyroid peroxidase is not unique in its ability 
to catalyze iodination and thyroxine formation, in uitro 
iodination studies have employed a wide variety of per- 
oxidases (5-10). 


Numerous procedures have been utilized to study per- 
oxidase-catalyzed iodination in  uitro (7, 9, 11-15). The 
most widely used procedure involves isolation of the io- 
dinated organic compounds and determination of the io- 
dide incorporated into these products. Spectrophotometry 
is also used to monitor iodination uia the changing spectral 
properties of the iodinated products (12,13). A potentio- 


metric procedure employing various substrates also has 
been used to follow the kinetics of iodination catalyzed by 
peroxidase (7,9,15). 


The objective of the present study was to determine the 
optimal conditions for the use of an iodide-specific elec- 
trode for monitoring lactoperoxidase-catalyzed iodination 
of l-tyrosine. It was determined that lactoperoxidase is an 
acceptable peroxidase for investigating iodination kinetics 
(6,lO). Since several of the well-known antithyroid agents 
used clinically are general peroxidase inhibitors (6,16-1% 
the present study also was intended to determine whether 
the iodide electrode could be used to study the inhibition 
kinetics of the antithyroid compound resorcinol. 


EXPERIMENTAL 


Procedure-An iodide-specific electrode', a pH expanded-scale 
millivolt meter2, and a strip-chart recorder3 were used to measure the 
free iodide concentration. As the peroxidase enzyme catalyzed the io- 
dination of an appropriate iodide acceptor a t  a known initial iodide 
concentration, the iodide concentration decreased. The reduction in io- 
dide concentration resulted in a potential change, which was related to 
the iodide-ion activity by the Nernst equation (19). To obtain the actual 
iodide concentration decrease per unit time (iodination rate), each mil- 
livolt change was converted to the corresponding iodide concentration 
by calibrating the iodide electrode in the concentration range of interest 
(1 X 10-5-10 X lou5 M), using appropriate dilutions of a 0.1 M sodium 
iodide standard solution4. 


Lactopero~idase~ was quantified by activity units; 1 unit of lactoper- 


Model 94-53A, Orion Research Inc., Cambridge, Mass. 
2 Model 12 research meter, Corning Scientific Instruments, Medfield, Mass. 
3 Beckman Instruments, Fullerton, Calif. 
4 Model 94-53-06, Orion Research Inc., Cambridge, Mass. 
*Lot 430020 B grade, Calbiochem Chemlcal Works, Loa Angeles, Calif. 
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Abstract 0 A simple, rapid, sensitive, and specific field test for mari- 
juana and its products is described. The test employs an extracting- 
eluting solvent and an inert adsorbent microcolumn coated with Fast Blue 
H salt as the reagent. One milligram or less of the suspect material can 
he tested within 1 min. Of >80 nonmarijuana plant samples tested, only 
nutmeg and its mace responded similarly to marijuana initially. A dif- 
ferentiation was possible by careful evaluation of the colored micro- 
column and of the elution behavior of the colored products. The test also 
provides for a confirmatory step, based on spectrophotometric analysis 
of the colored eluates. The reagent microcolumn was very st.able to en- 
vironmental factors such as moisture, light, and air. 


Keyphrases Marijuana-analysis, microcolumn, field test, compared 
to other plant substances 0 Chromatography, microcolumn-analysis, 
marijuana, field test, compared to other plant substances 


With the recent relaxation of the laws governing mari- 
juana use and possession in several states, the illicit market 
will increase. Consequently, there is a pressing need for a 
field test that will enable law enforcement agents, custom 
officers, and other responsible personnel readily to obtain 
presumptive evidence on suspected sample identity. 


BACKGROUND 
Fast Blue B salt (3,3’-dimethoxybiphenyl-4,4’- bis-diazonium chloride) 


is probably the most widely used reagent for marijuana detection and 
identification. In addition to high sensitivity and characteristic chro- 
mogenic reaction with several cannabinoids, Fast Blue B also is reason- 
ably selective for these substances. Its low cost and ready availability 
further contribute to its popularity. 


Marijuana samples were field tested on pieces of filter paper by means 
of a solid Fast Blue R reagent ( I , ? ) .  Although quite specific, this method 
requires special precautions in reagent preparation, reaction performance, 
and interpretation of results (1,3). A very specific field test for hashish 
was reported, which utilized a suspension of Fast Blue B in chloroform 
in conjunction with aqueous sodium hydroxide (4). However, this method 
requires a large apparatus and two liquid reagents. 


A “hreathanalyzer” for the hreath analysis of marijuana smokers was 
described (5). The suspect was required to breathe onto pieces of filter 
paper or tissue freshly dampened with aqueous Fast Blue B. The reagent 
was unstable, and the color response was slow. Hashish also was detected 
with filter paper strips pretreated with methanolic Fast Blue B (6). The 
reagent papers were unstable and decreased in sensitivity upon long 
storage ( 3 ,  6). 


This paper describes a marijuana field test that circumvents many 
prot)lems encountered with existing procedures. In addition to using a 
stahle Fast Blue B color reagent, it requires few steps, one liquid reagent, 
and little apparatus. The test capability to differentiate false-positive 
responses also was investigated. 


EXPERIMENTAL 


Reagents-Fast Blue B salt’, neutral alumina for chromatography2, 
analytical reagent grade solvents2 (petroleum ether, bp 60-90’; methanol; 
and chloroform), collodion LISP’, and microcrystalline cellulose7 were 
used as obtained from commercial sources. 


Apparatus-Spectrophotometric curves were recorded using 1 -cm 
semimicro quartz cells on a double-beam recording ~pectrophotometer~ 
equipped with a digital readout accessory and a strip-chart recorder. 


Sigma Chemical Co., St. Louis, Mu. 
* , I .  T. Haker Chemical Co., Phillipshurg, N.J. 


Avicel PH-106, FMC Corp., Newark, Del. 
Model DR-GT. Reckrnan Instruments, Fullerton, Calif 


Reagent Preparation-Neutral alumina-microcrystalline cellulose 
(3:l) was intimately mixed by manual stirring and bottle tumbling. For 
every 12 g of this mixture, a suspension of 0.2 g of Fast Blue B salt in 25 
ml of chloroform was added with stirring. The smooth slurry was trans- 
ferred to a large glass petri dish and allowed to air dry inside a hood. The 
dry residue was homogenized to a fine powder and stored in an amher 
glass container. 


Microcolumn Preparation-A small glass wool or absorbent cotton 
pledget was placed a t  the bottom of a glass tube (3 X 0.7 cm), approxi- 
mately 3 mm away from one end. Small portions of the reagent were in- 
troduced into the tube with gentle tapping until an -2-cm high column 
was obtained. The upper end of this column was closed with another glass 
wool or cotton pledget. A 1-cm space remained over the packed reagent 
column. Both ends of the glass tube were sealed by immersion into col- 
lodion followed by air drying. 


The microcolumns were stored in an amher glass container. 
Extracting-Eluting Solvent Preparation-Isopropanol, 10 ml, was 


added, with stirring, to 80 ml of petroleum ether, bp 60-90°, and 20 ml 
of anhydrous methanol. The solution was stored in a dropping battle. 


Field Test-The collodion seals were removed from both ends of a 
microcolumn. A small amount of suspect material, preferably powdered, 
was layered -2 mm high on top of the microcolumn. The extracting- 
eluting solvent was added dropwise until the liquid reached the bottom 
of the microcolumn. The color that  developed along the microcolumn 
within 1 min was recorded. A red, purple-red, or burgundy-red color, 
deepening with time and rapidly spreading downward, was interpreted 
as a positive test. 


Differential Test-To a still wet or to a dry colored microcolumn, 
sufficient extracting-eluting solvent was added until the colored product 
emerged a t  the lower end of the tube and could he collected. A rapidly 
eluting red, purple-red, or burgundy-red liquid signified a positive 
test. 


Spectral  Analysis-The colored eluate from the differential step was 
transferred to a semimicro spectrophotometric cell, and its visible ab- 
sorption spectrum was recorded against the extracting-eluting solvent 
serving as the blank. If the eluate separated into two phases, the addition 
of 1-2 drops of chloroform reestablished the single phase. 


RESULTS AND DISCUSSION 


Microcolumn-Several common chromatographic support media 
were tested for suitability in the microcolumn preparation. Among those 
investigated were microcrystalline cellulose, infusorial earth, neutral 
alumina, silica gel, nylon, and methylcellulose. Selection criteria were: 
( a )  inertness toward Fast Blue B, ( b )  rate a t  which solvents such as pe- 
troleum ether, chloroform, and petroleum ether-methanol eluted when 


Table I-Samples Tested 


Part Tested Name 


Bark 


Fruit 


Leaf 


Cascara sagrada, cinchona, cinnamon, quassia, 
sassafras, wild cherry 


Anise, black pepper, capsicum, caraway, cardamom, 
coriander, fennel, juniper, paprika, star anise 


Basil, belladonna, holdo, buchu, catnip, digitalis, 
eucalyptus, hamamelis, henna, hyoscyamus, 
jaborandi, marijuana (Mexican, New York), 
oregano, parsley, rosemary, rumex, sage, savory, 
senna, spearmint, stramonium 


golden seal, hellebore (American), ipecac, jalap, 
licorice, orris, rauwolfia, rhubarb, rumex, 
sarsaparilla 


Betel, cacao, coffer (decaffeinated, ground, instant), 
colchicum, cumin, kola, mace, mustard (hlack), 
nutmeg, Nux uomica. strophanthus 


myrrh, nutgall, squill, tolu, turmeric 


Root, rhizome Aconite, aspidium, belladonna, gentian, ginger, 


Seed 


Miscellaneous Aloe, clove, curry, ergot, gum benzoin, gum kino, gum 
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T a b l e  11 -D i f f e ren t i a t i on  of Samp les  G i v i n g  Similar Colors in the Field T e s t  
. - - 


Sample ( ' o h  on Microcolumn 1 'Characteristics of Colored Product  ~ I Absorut ion Maxima. nm" 


Mar i juana 
Mace 


Nu tmeg  


Coffee, decaffeinated 


Cotfee, ground 


( ' n > t a r a  sagrnda 


Khubarh  


* Values in parenthesec 


Red to  bi i rgundy red 
Red t o  burgundy red 


Red t o  burgundy red 


Lavender t o  l i gh t  violet 


Lavender t o  l ight  violet 


Red 


Red 


. . . - .- - - 


Elutes very rapidly, red eluate 
Remains a t  t op  o f  microcolumn, 


beige t o  l ight-orange eluate 
Remains a t  t o p  o f  microcolumn, 


beige to  l ight-orange eluate 
Elutes very rapidly, lavender t o  


l ight -v io le t  eluate 
Elutes very rapidly, lavender t o  


l ight -v io le t  eluatp 
Remains a t  t op  o f  microcolumn, 


ye1 I ow t o  green is h - ye1 low eluate 
Remains at t o p  o f  microcolumii,  


vellow eluate __ 
indicate aliwrption maxima recorded for a different .ample Eluted with chloroform -methand ( 7  


295 (300,305), 475 
343 (330). 390 (sh), 485 (190) 


340,39,0 (400) (sh), 485 (490) 


335,425 (sh). 480 (sh) 


313, 335 (sh). 485 


N o t  recorded 


N o t  recorded 


(sh) 


(sh) 


- . - - -. .. 


T a b l e  I l l - A b s o r p t i o n  M a x i m a  of Fas t  B l u e  B - M a r i j u a n a  
and F a s t  B l u e  B - C a n n a b i n o i d  C o l o r e d  P r o d u c t s  


- - 


Sample" Ati*orpt ion Maxima,  nmb 


Mar i juana 295 (d00, JOS), 4'75 
I 298 (300). 4.50 (46.5) 
I I  292 (295). 300 (495) 


295.460 


I t 11 ( 1 2 )  
I + 111 (1.1) 
I1  + I l l  (1 : l )  


'95,475 
307, 480 
:100 (305)- 467 (470) 
306, 465 
2998 (305). 490 (492) 


* i'alues i n  pdrenrhe\es i t i d i t a l e  Rppriiximnte ratios in the mixture Values in 
Ii.irrn[heqe.; i r id icate ahsiirpt ion m A X i m . 1  recorded for ii different sample. 


passed through a microcolumn, ( (  ease ( i f  handling and packing. and ( d )  
provision o f  contrasting background for the color reaction in terpreta-  
t ion. 


Neutra l  alumina best f i i l t i l led the requiremerits However. to  promote 
a better interaction between the cannahinoids contained in the mobile 
phase and  the Fast B lue  H present o n  the microcolumn, the e lu t ion rate 
was decreased b y  admix ing the a lumina w i t h  microcrystal l ine cellulohe 
( 3 .  I ) .  


E x t r a c t i n g -  Eluting Solvent- l 'he solvents investigated were those 
(ommonly used for cannahinoid extraction from marijuana samples, t P . ,  


1)ctroleum ether. chloroform, benzene, and toluene None o f  these solvents 
I I ~  themselves produced ii color reaction fol lowing incorporation i n to  a 
microcolumn loaded w i th  marijuana. prohably due to  the insolubi l i ty ul 
the Fast B lue B in the liquid phase Add i t i on  o f  a small  amount  o f  
methanol  to  the solvents brought ahout azo dye snlubi l izat ion dnd in -  
teraction w i th  the cannahinotds. Ra5t.d on  cost, organoleptic properties, 
and human safety. petroleum ether was the most satisfactory solbent. 
Furthermore. mixture5 uf methanol w i t h  chloroform. benzene. and to l -  
uene were less selective in extracting exclusively cannahinoids than were 
the corresponding mixtures w i th  petroleum ether. 


Petroleum etherst11 hp:1&75'.60- %lo. and 9O-I 'LOo wereadmixed wi th  
mfathanol in 9:1, 8:". and 7::\ ( v / v )  ratios. respectively. A 9:l ra t i o  Has 
inadequate in producing readily discernible mari juana color reactions. 
A 7 3  ra t io  yielded the stroiiyest colors bu t  a t  the same t ime  produced 
more false-posiiive reaction.; wi th  samples tither than mariluana. Of the 
three petroleum ethers, the  lower boi l ing solvent was the only  one com 
pletely miscible w i t h  methdnol in the  stated ratios; those w i t h  higher 


h i i l i n g  points gave a two-phase system. T h e  former. however, occasionally 
heparated f rom methanol upon storage. T h e  possihility that  the field test 
would he carr ied ou t  in h o t  cl imates also discouraged fur ther  testing of 
t h i s  type of  petro leum ether. 


Perfect and stahle solutions of methanol in petroleum ether of  bp  6&90 
or  90-120" i n  an  8:2 ra t i o  could he  obtained hy the addi t ion o f  a smal l  
cluanti ty of isopropanol. Pet ro leum ether (bp 60-!)0°)-methanol-iso- 
I i ropanol (8:2:1) was preferred over a similar comhinat ion containing 
petroleum ether of hp !H-120°, hecause the former was more compatihle 
w i t h  methanol. M ix tu res  ol any o f  these t w o  petroleum ethers w i t h  the 
alcohols in a 7:O:l rat io invariably separated in to two phases upon storage. 
On the other  hand, cornhinations o f  a l l  three types o f  petroleum ether 
w i t h  isopropanol in Y:l, 8:2. and 7:3 riitios dbd not pruduce distinguishahle 
color reactions. 


T e s t  Se lec t i v i t y -Tah le  I lints the  p lant  samples tested h y  the p ro -  
Iwsed f ield test. A posit ive reaction was when red, purple-red, o r  h u r -  
gundy - red  zones developed almost tmmediately a t  t he  top  of the micro-  
column and, o n  fur ther  addi t ion o f  extract ing-elut ing solvent, rap id ly  
moved downward as a red hand. O f  the >80 samples investigated, on ly  
those l isted in Tab le  11 were in i t i a l l y  confused w i t h  marijuana. hut they 
were u l t imate ly  d i f ferent ia ted b y  careful evaluation of the colored mi- 
crocolumn characteristica. For example, nutmeg and i ts mace gave red 
./ones in a hue almost identical w i th  those ohtained for marijuana samples. 
Nevertheless, o n  repeated add i t i on  o f  the extractir ig--elut ing solvent 
m ix tu re ,  the colored products barely moved downward and the eluate 
emerging a t  the other  end was colored l ight brown to l ight  orange. 


Hhuharh and Cmcclra mgrada also yielded red bands, even when Fast 
B lue  B was absent f rom the microcolumn. due to  ext ract ion of cer ta in  
red t o  hrown-red consti tuents b y  the  mohile phase. The i r  eluates were 
usually yellow t o  greenish yellow 1 1 1  contrast 10 the red tones rvcorded 
for mari juana. Various ground and  instant  coffees gavc lavender to 
l ight-violet zones. which could be eluted rap id ly  ou t  o l ' t he  microcolumn 
a:, lavender&) l ight -v io le t  solutions. 


S p e c t r o p h o t o m e t r i c  Analys is-  When  a more conclusive i den t i f i -  
cat ion o f  the field-tested material is needed. a confirmatory step may be 
added. The  colored product may be eluted in to n sl-'ectr~,phot'"netrtc cell. 
and  the visihle ahsorption spectruni may he recorded. Tahles I 1  and 111 
summarize the spectral characteristics o f t  hose samples submitted t o  the 
spectrol)hotometric analysts. Mar i juana samples typical ly vxhihited t w o  
absorption maxima, at -:i00 and -47:) nin. Knt i re l y  d i f ferent  spectral 
patterns were recorded for coffee. nutmeg. and mace, y h i c h  i n i t i a l l y  
approximated the mari juana chroniogrnic response. 


T h e  absorption spectra o f t h e  three ma in  cannnbinoids, I F , cnnnabi- 


T a b l e  I V - C o m p a r i s o n  of V a r i o u s  F i e l d  Tests  f o r  M a r i j u a n a  Using F a s t  B l u e  B S a l t  
- - - - - ~~ 


Characteristic 


de Faul)ert M c v a r t  h y  and  
Maunder  LVatanahe Woodhouse van Zyl 


( l tefs. 1 and 2)  ( l i e f .  4 )  (Ref. 6) ( l i e f  5 )  Pr(  iposetl 
~~~~~~ ~~ ~ 


Number o f  reagents 
Numher o f  l i qu id  reagents 
Steps required: 


Ext ract ion 
F i l t r a t i on  
Add i t i on  of color reagent 
Add i t i on  of alkal i  


1)il'ferential step 
Iiiterterences reported 
Stahi l i tv  o f  Fast B lue H ritayent 


:I 
2 


+ + + + 
None 


2 
Stable 


) 3 
2 2 


+ + 
- - 
- - 
+ + 


None None 
Nonc~  Several 


Stahle LI nhta ble 


1 
1 


- 


None 
Ncme 


I lnstab le 


+ 


- 


Included 
None 


Stahle 


Journal of Pharmaceutical Sciences I 977 
Vol 68, No 8, August 1979 







diol ( I ) ,  cannabinol (II), and tetrahydrocannabinol (11). demonstrated 
that the marijuana absorption curve was primarily contributed by a 
combination of these three substances (Table 111) rather than by any 
single cannabinoid or cannabinoid pair. The fact that these constituents 
occur only in marijuana confers high specificity and diagnostic value on 
the spectrophotometric analysis. 


Test Comparison-Table IV compares the proposed field test with 
those reported in the literature in terms of reagent requirements, steps 
involved, and reported interferences. 


CONCLUSIONS 


The proposed field test was rapid, simple, sensitive and selective. I t  
required only one liquid reagent, which served as the extracting-eluting 
solvent. Color development and sample extraction were accomplished 
simultaneously. Colors appeared almost immediately and were easy to 
interpret against the white background of the microcolumn. The use of 
a dry absorbent such as alumina offered several advantages since it acted 
as a diluent for the color reagent and as a medium for the color reaction, 
and, more importantly, provided a means for differentiating marijuana 
from other plant materials such as nutmeg and its mace, rhubarb, and 
C.  sagrada, whose colored products remained tightly adsorbed to the 
microcolumn and were not eluted by petroleum ether-methanol mix- 
tures. 


The dry microcolumn formulation of Fast Blue B resulted in a reagent 


that  remained stable to ambient conditions such as light and air for pe- 
riods over 6 months. Since both ends of the glass tube enclosing the mi- 
crocolumn could be sealed with collodion, adverse effects from moisture, 
air, and contaminated atmospheres were avoided. The inclusion of dif- 
ferential and confirmatory steps improved the test from a simply pre- 
sumptive one to a tool with diagnostic capability. None of the plant 
samples tested by this procedure was confused with marijuana. 
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Abstract 0 A quantitative evaluation of the mass balance and GI motor 
effects of dietary magnesium deficiency in the adult male Sprague- 
Dawley rat is described. Seventy-seven animals were used. Both sham 
control and experimental groups were maintained on a commercial stock 
lahoratory diet ad libitum for 30 days, after which the experimental rats 
were switched for 30 days to the magnesium-deficient diet ad libitum, 
containing a magnesium concentration of 16.2 ppm. Ten rats were used 
to determine the acetylcholine responsiveness of duodenal muscle seg- 
ments in uitro. In all cases, the segments from the deficient rats were 
hyperresponsive to a fixed acetylcholine dose. Forty-six r$s were used 
to determine the average intestinal transit rate, which increased signif- 
icantly in 30-day magnesium-deficient rats. A final series employed 21 
rats who were housed in individual metabolic cages. After 5 days on the 
deficient diet, the average daily fecal pellet counts and fecal weights were 
significantly reduced. It is concluded that chronic magnesium deficiency 
is associated with altered GI motor function in the adult male rat. 


Keyphrases 0 Magnesium deficiency-GI motility, metabolism, rats 
GI tract-magnesium deficiency, motility, metabolism, rats Nu- 


tritional disorders-magnesium deficiency, GI motility, metabolism, 
rats 


With few exceptions, most of the existing literature 
concerning the effects of chronic magnesium deficiency in 
the rat considers the GI tract only as a defective intake 
route: magnesium deficiency resulting from malabsorption, 
failure of magnesium conservation in the gut, and loss of 
fluid and ions via the intestines. 


Curiously, the effect of magnesium deficiency on the 
functioning of the GI tract itself was not considered until 
the motor effects from exposure of the small intestines of 
rats (1) and humans (2-4) to  ionizing radiation were sig- 
nificantly associated with hypomagnesemia. The data also 


indicated that prophylactic administration of soluble 
magnesium salts prior to exposure had a mitigating effect 
in both cases. These observations led to  the proposal that 
the GI symptomatology defined by the acute intestinal 
radiation syndrome in the rat was the result of acute hy- 
pomagnesemia (5,6).  


Another interesting relationship is that  between mag- 
nesium deficiency and the GI secretory apparatus. The 
effect of magnesium on gastric structure and function has 
received some attention, but reported results have been 
inconsistent. Recent observations (7) showed that dietary 
magnesium deficiency in rats alters the ratio of chief to 
parietal cells. Additional evidence (8) indicated that rats 
treated with parathyroid hormone for 2 wt ks exhibited 
a reduced basal gastric acid secretory rate associated with 
nonspecific gastric mucosal damage. Veilleux (9) demon- 
strated that  mast cells increase in the duodenum and 
kidney of magnesium-deficient rats. Unfortunately, these 
latter studies were not extended to the gastric mucosa. The 
foregoing results and the finding that  the inhibition of 
calcium-induced acid secretion by magnesium may be 
caused by blockade of a calcium effect directly on the pa- 
rietal cell (10) preclude any simple explanation of the effect 
of magnesium on gastric secretion. 


Practically speaking, sufficient attention has not been 
directed to  the effect of magnesium on the GI system. 
Therefore, the purpose of this study was to determine 
whether the GI motor functions of rats maintained on a 
magnesium-deficient diet were different from similar 
functions in control animals. 
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diol ( I ) ,  cannabinol (II), and tetrahydrocannabinol (11). demonstrated 
that the marijuana absorption curve was primarily contributed by a 
combination of these three substances (Table 111) rather than by any 
single cannabinoid or cannabinoid pair. The fact that these constituents 
occur only in marijuana confers high specificity and diagnostic value on 
the spectrophotometric analysis. 


Test Comparison-Table IV compares the proposed field test with 
those reported in the literature in terms of reagent requirements, steps 
involved, and reported interferences. 


CONCLUSIONS 


The proposed field test was rapid, simple, sensitive and selective. I t  
required only one liquid reagent, which served as the extracting-eluting 
solvent. Color development and sample extraction were accomplished 
simultaneously. Colors appeared almost immediately and were easy to 
interpret against the white background of the microcolumn. The use of 
a dry absorbent such as alumina offered several advantages since it acted 
as a diluent for the color reagent and as a medium for the color reaction, 
and, more importantly, provided a means for differentiating marijuana 
from other plant materials such as nutmeg and its mace, rhubarb, and 
C.  sagrada, whose colored products remained tightly adsorbed to the 
microcolumn and were not eluted by petroleum ether-methanol mix- 
tures. 


The dry microcolumn formulation of Fast Blue B resulted in a reagent 


that  remained stable to ambient conditions such as light and air for pe- 
riods over 6 months. Since both ends of the glass tube enclosing the mi- 
crocolumn could be sealed with collodion, adverse effects from moisture, 
air, and contaminated atmospheres were avoided. The inclusion of dif- 
ferential and confirmatory steps improved the test from a simply pre- 
sumptive one to a tool with diagnostic capability. None of the plant 
samples tested by this procedure was confused with marijuana. 
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Abstract 0 A quantitative evaluation of the mass balance and GI motor 
effects of dietary magnesium deficiency in the adult male Sprague- 
Dawley rat is described. Seventy-seven animals were used. Both sham 
control and experimental groups were maintained on a commercial stock 
lahoratory diet ad libitum for 30 days, after which the experimental rats 
were switched for 30 days to the magnesium-deficient diet ad libitum, 
containing a magnesium concentration of 16.2 ppm. Ten rats were used 
to determine the acetylcholine responsiveness of duodenal muscle seg- 
ments in uitro. In all cases, the segments from the deficient rats were 
hyperresponsive to a fixed acetylcholine dose. Forty-six r$s were used 
to determine the average intestinal transit rate, which increased signif- 
icantly in 30-day magnesium-deficient rats. A final series employed 21 
rats who were housed in individual metabolic cages. After 5 days on the 
deficient diet, the average daily fecal pellet counts and fecal weights were 
significantly reduced. It is concluded that chronic magnesium deficiency 
is associated with altered GI motor function in the adult male rat. 
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GI tract-magnesium deficiency, motility, metabolism, rats Nu- 


tritional disorders-magnesium deficiency, GI motility, metabolism, 
rats 


With few exceptions, most of the existing literature 
concerning the effects of chronic magnesium deficiency in 
the rat considers the GI tract only as a defective intake 
route: magnesium deficiency resulting from malabsorption, 
failure of magnesium conservation in the gut, and loss of 
fluid and ions via the intestines. 


Curiously, the effect of magnesium deficiency on the 
functioning of the GI tract itself was not considered until 
the motor effects from exposure of the small intestines of 
rats (1) and humans (2-4) to  ionizing radiation were sig- 
nificantly associated with hypomagnesemia. The data also 


indicated that prophylactic administration of soluble 
magnesium salts prior to exposure had a mitigating effect 
in both cases. These observations led to  the proposal that 
the GI symptomatology defined by the acute intestinal 
radiation syndrome in the rat was the result of acute hy- 
pomagnesemia (5,6).  


Another interesting relationship is that  between mag- 
nesium deficiency and the GI secretory apparatus. The 
effect of magnesium on gastric structure and function has 
received some attention, but reported results have been 
inconsistent. Recent observations (7) showed that dietary 
magnesium deficiency in rats alters the ratio of chief to 
parietal cells. Additional evidence (8) indicated that rats 
treated with parathyroid hormone for 2 wt ks exhibited 
a reduced basal gastric acid secretory rate associated with 
nonspecific gastric mucosal damage. Veilleux (9) demon- 
strated that  mast cells increase in the duodenum and 
kidney of magnesium-deficient rats. Unfortunately, these 
latter studies were not extended to the gastric mucosa. The 
foregoing results and the finding that  the inhibition of 
calcium-induced acid secretion by magnesium may be 
caused by blockade of a calcium effect directly on the pa- 
rietal cell (10) preclude any simple explanation of the effect 
of magnesium on gastric secretion. 


Practically speaking, sufficient attention has not been 
directed to  the effect of magnesium on the GI system. 
Therefore, the purpose of this study was to determine 
whether the GI motor functions of rats maintained on a 
magnesium-deficient diet were different from similar 
functions in control animals. 
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Table I-Composition of the Magnesium-Deficient Diet 


Ingredient Amount, g/kg 360- 


330 - 
300- 


v) 


5 270- 
E " 240- 


210- 


Casein 
Corn oil 
Cellulose fiber 
Magnesium-free salt 
Vitamin mixture" 


250 
r(n _ _  
50 
49.23 
20 


DL-Methionine 2.99 
Dextrose 572.94 
Choline chloride 4.84 


a Standard fortification mix. Produced by Bioserv Inc., Frenchtown, N.J. 


EXPERIMENTAL 


Animals-The Sprague-Dawley rat was chosen as the experimental 
animal because a large portion of the relevant literature employed this 
breed (7,9,10). To obviate variations due to body size and estrus stage, 
only adult male rats weighing 125-150 g were used. The rats were accli- 
matized in the laboratory for 7 or more days before use. They were kept 
two per cage in an air-conditioned room under constant temperature (22') 
and light cycles and were fed pelleted stock laboratory diet and water ad 
libitum. Some rats were housed in colony cages accommodating six ani- 
mals. When necessary, coprophagy was minimized by employing cages 
with wire mesh false bottoms. 


Magnesium-Deficient Diet-The basal magnesium-deficient diet1 
(Table I) was assayed2 to contain -16.2 ppm of magnesium. The mag- 
nesium content of the stock diet was reported by the manufacturer to be 
2400 ppm. 


Gross Metabolic Behavior-The first series of experiments was 
designed to determine whether magnesium-deficient rats would show 
any significant differences in gross metabolic behavior. Twenty-one adult 
rats were divided into two groups: an experimental group of 11 rats fed 
the magnesium-deficient diet and a control group of 10 rats fed the stock 
laboratory diet. With a week of preliminary conditioning, both groups 
became adjusted to a small individual cage, to a water bottle, and to a 
pelleted ration. 


Both groups were then placed in individual plastic metabolism cages3 
where they consumed individual rations of pelleted stock diet and tap 
water ad libitum. An additional 30 days was allowed for the rats to adjust 
to the metabolism cages. The experimental group was then switched to 
the magnesium-deficient diet. 


All animals, identified by coded ears, were weighed daily. The un- 
consumed water and food and urine and feces were collected daily. Water 
was supplied ad libitum, and water intake was measured by recording 
the water bottle contents. Food intake was more difficult t o  determine 
because of spillage. Feeders with narrow openings that permitted only 
the snout to enter reduced spillage. Food spillage could be further min- 
imized by not filling the attached food containers to maximum ca- 
pacity. 


The usual food supply was 40 g of pelletized chow and 100 ml of water. 
Both quantities were sufficient for >2 days. Daily food and water intake 


Figure I-Gross appearance of magnesium-deficient rat. 


Rionerv Inc., Frenchtown, N.J. 
Technological Resources, Camden, N.J. 
Econo cage 110 with chrome extenders and conventional urinary-fecal sepa- 


rators, Maryland Plastics, New York, N.Y. 


180.1 


6 10 16 20 25 30 
DAYS ON EXPERIMENTAL DIET 


Figure 2-Time courses of mean body weights from sham control (A) 
and magnesium-deficient (0) rats. 


were determined by differences in the weights and volumes that were 
supplied the previous day. The collected feces from each animal were 
counted, weighed, and dried in an oven at 55O over 24 hr. The dry fecal 
weight was defined as net solid output. The loss in weight of the dry feces 
represented the fecal moisture weight. Net fluid output was obtained by 
adding the difference between wet and dry fecal weight in grams to the 
urine volume excreted in milliliters. 


Corrected values for solid and fluid intake were made by subtracting 
a fixed percentage of the weight in grams of food consumed and directly 
adding this value to the volume of water consumed in milliliters. For such 
computations, the manufacturer of the magnesium-deficient diet spec- 
ified the water content as being 6% by weight. The stock diet water con- 
tent was 10.5% by weight. Utilization of these percentages and the re- 
quirement that weights in grams of water be numerically equal to volumes 
in milliliters a t  room temperature contributed to less absolute error than 
that produced by the inherent variability of the raw data collected. 
In Vitro a n d  In Vivo Intestinal Motor Activities-The second 


series of experiments determined whether magnesium deficiency was 
associated with a change in overall small intestinal peristaltic activity 
in the rat. Two procedures were used. The classical contractile force 
measurement of isolated intestinal muscle segments in a tissue bath was 
used as a screening procedure. This measurement indicates muscular 
activity a t  a localized bowel region. The propulsive motility technique, 
which measures actual transit of intestinal contents over a given period, 
was used to assess overall small bowel activity. 


The in oitro experiments were performed on 10 rats after 4 weeks on 
the diets. Each animal was fasted overnight. The animals were sacrificed 
by decapitation, followed quickly by the removal of 2-3-cm segments of 
the duodenum, jejunum, ileum, and descending colon. The responses of 
small and l4ge  intestinal segments to test drugs were recorded isomet- 
rically4. The particular segments were mounted in parallel in an isolated 
organ-tissue bath5 with Tyrodes solution of the following composition 
(percent): NaCl, 0.8; KCI, 0.02; CaC12,0.02; MgC12,O.Ol; NaHC03,O.l; 
NaH2P04, 0.005; and glucose, 0.1. The  solution was gassed with 95% 
oxygen and 5% carbon dioxide and maintained at 38 & lo. The pH of the 
solution varied between 7.4 and 7.6. 


Comparison between the reactivity of two uneverted bowel segments 
was made simultaneously in parallel sets, with the respective segments 
mounted aborally from top to bottom in the bath chamber. The free 
proximal portion of the bowel segment was attached to a strain-gauge 
transducer, with the distal end fixed to the bottom of the bath. The bowel 
segment was attached by thread so that it was completely submerged in 
the Tyrodes solution, yet closed a t  each end so that  the lumen was not 
bathed by the bath solution. No undue tension was applied to the seg- 
ments during the mounting procedure. 


System response amplitude was the measured variable and was always 
calibrated initially to the same value by means of an initial lever dis- 
placement, which was effected by hanging the same calibrating weight 
on each transducer system in turn. T o  avoid any differences due to the 
lever systems-transducers-polygraph channels, the two tested segments 
were alternated in successive experiments with the corresponding iso- 
metric lever force transducer and polygraph channel. The contraction 
height of the bowel segments after addition of fixed acetylcholine doses 


Grass poly raph, Grass Instrument Co., Quincy, Mass. 
Phipps anjBird, Richmond, Va. 


Journal of Pharmaceutical Sciences 1 979 
Vol. 68, No. 8, August 1979 







Table 11-Sham Control Regression Equations of Metabolic Performance as a Function of Times 
~~ 


Variable n b 9 s b  


Food intake 
Days 1-28 
Days 29-58 


Net water intake 
Days 1-28 
Da s29 58 


Numger oifecal pellets 
Days 1-28 
Days 29-58 


Fecal wet weight 
Days 1-28 
Days 29-58 


Fecal dry weight 
Days 1-28 
Da s29-58 


N et d '  uidoutput 
Days 1-28 
Davs 29-58 


14 
17 


14 
17 


14 
17 


14 
17 


14 
16 


14 
16 


-0.046 
-0.084 


-0.201 
-0.114 


-0.836 
-0.307 


-0.021 
-0.095 


+0.033 
-0.046 


-0.053 
-0.1041 


11.42 
11.34 


22.70 
18.48 


42.12 
27.74 


6.613 
8.613 


2.44 
4.35 


11.69 
12.23 


0.0378 
0.0240 


0.0633 
0.0404 


0.0875 
0.0335 


0.0225 
0.0134 


0.0180 
0.0112 


0.0437 
0.0129 


1.3821 
0.7822 


3.8801 
2.2178 


7.4153 
1.5212 


0.4013 
0.2460 


0.3134 
0.1599 


1.8437 
0.2119 


a n = number of observations, b = sample regression coefficient, f' = zero intercc 
sion. 


was taken as a measure of the segment's responsiveness. After the seg- 
ment had contracted in response to acetylcholine, the medium was rinsed 
once or twice and replaced with fresh Tyrodes. After such procedures, 
the preparation was allowed to equilibrate for a few minutes before fur- 
ther stimulant was added. 


All contraction measurements refer to maximum contraction ampli- 
tude observed on the polygram within a few seconds of drug addition to 
the bath. Acetylcholine was prepared immediately before use by dilution 
with the same physiological solution used in the bath and was added di- 
rectly into the bath. 


Intestinal transit measurement was made by the procedure of Macht 
as cited by VanLiere et al. (11). Briefly, 1 ml of a standard test meal, 
consisting of 10% charcoal suspended in an aqueous solution of 10% gum 
acacia, was fed by intragastric tube to 19,48-hr fasted magnesium-defi- 
cient rats and 27 comparably fasted sham controls. The experimental 
rats, which had been fed the deficient diet for 30 days, were killed by 
decapitation in groups of 10 and 9 a t  15 and 30 min, respectively, following 
intubation. The sham control groups for the 15- and 30-min intervals 
consisted of 13 and 14 rats, respectively. 


Following sacrifice, the stomach and intestines were removed. The total 
small intestine length from pylorus to cecum was measured. The net 
distance that the charcoal had traversed from the pylorus was measured 
a t  the same time. Transit was defined as the distance traversed divided 
by the total intestine length, 


Histopathology-Complete necropsies were done on sacrificed ani- 
mals. The entire visceral contents were inspected visually to determine 
the presence of such obvious pathology as focal or generalized lesions and 
hemorrhage. The following organs and tissues were subjected to micro- 


' 


?pt, S b  = sample standard deviation, and S;.x = mean square deviation from regres- 


scopic examination: stomach, representative segments of the small and 
large intestines, liver, heart, kidneys, and skeletal muscle from the thigh. 
Tissue samples were fixed in formaldehyde solution and embedded in 
paraffin. Sections were cut at 6 p m  and stained with hematoxylin-eosin 
for routine histopathologic examination. All microscopic examinations 
were on a blind basis. 


Reduction of Data and  Interpretat ion of Results-All recorded 
values for the metabolic performance studies were normalized to  100 g 
of body weight to reduce the variations caused by differences in weights. 
The daily mean of the individual normalized values for each variable 
studied was plotted for the sham control and experimental groups, and 
least-squares linear regression lines were fitted through the points. Then, 
a pooled variances t test of the difference between regression coefficients 
was performed. This test only allows a determination of the significance 
of differences between average rates of change of metabolic performance; 
but if the difference between the rates is significant, i t  can be assumed 
that the metabolic performances of the two groups with respect to the 
variable being studied are not the same. 


An F test to check for homogeneity of variance between the two 
least-squares lines to be compared was performed utilizing the mean 
square deviation from regression (S:.=) for each group. The appropriate 
degrees of freedom associated with each S& are n - 2. If variance ho- 
mogeneity could be assumed, the following pooled variances t test was 
used to compare the two regression coefficients: 


with (nl + n2 - 4) degrees of freedom, and where: 


0%. 1 )  


and: 


(Eq. 3) s,.,,,, = s,.,, + s,.x, 


5 10 15 20 25 I30 35 40 45 50 56 60 5 10 15 20 25 130 35 40 45 50 55 60 
START MAGNESIUM-DEFICIENT DIET START MAGNESIUM-DEFICIENT DIET 


DAYS QAYS 


Figure 3-Time courses of mean fecal wet weights from sham control 
and magnesium-deficient rats. 


Figure 4-Time courses of mean fecal dry weights from sham control 
and magnesium-deficient rats. 


980 1 Journal of Pharmaceutical Sciences 
Vol. 68, No. 8, August 1979 







Table 111-Magnesium-Deficient Regression Equations of Metabolic Performance as a Function of Time 


Variable n b P sb SZ., 
~~~~ ~ ~ 


Food intake 
Days 1-28 
Days 29-58 


Net water intake 
Days 1-28 
Da s29 58 


Numger o;fecal pellets 
Days 1-28 
Days 29-58 


Fecal wet weight 
Days 1-28 
Days 29-58 


Fecal dry weight 
Days 1-28 
Da s29 58 


Net Juid output 
Days 1-28 
Davs 29-58 


10 
18 


10 
18 


10 
18 


9 
18 


9 
18 


9 
18 


-0.165 
-0.058 


-0.209 
-0.116 


-1.262 
-0.094 


-0.081 
-0.025' 


-0.018 
-0.013' 


-0.0743 
-0.0989 


14.38 
9.29 


24.24 
16.89 


53.09 
11.59 


7.89 
2.47 


4.07 
1.32 


12.74 
10.844 


0.0983 
0.0165 


0.2692 
0.0398 


0.2167 
0.0305 


0.0355 
0.0099 


0.0290 
0.0092 


0.051 1 
0.0275 


4.2088 
0.4064 


3 1.5779 
2.3490 


20.4579 
1.3833 


0.4042 
0.1453 


0.2696 
0.1260 


0.8366 
1.1212 


~~~~~~~ ~ 


n = number of observations, b = sample regression coefficient, P = zero interce t,  sb = sample standard deviation, and S j  ... = mean square deviation from regression. 
b Statistically significant difference when compared to  corresponding values in T a b e  I1 (p _< 0.05). 


Table IV-Effect of a 30-Day Magnesium-Deficient Diet on Small Intestinal Transi t  Performance a n d  Related Data in 48-hr Fasted 
Ra t se  


Parameter 
Sham Control Group Experimental Group 


15 min 30 min 15 min 30 min 
~ ~ 


Body weight, g 173.69 f 18.42 (13) 174.32 f 13.26 (14) 184.30 f 26.45 (10) 197.56 f 22.956 (9) 
Length of small intestine, cm 119.15 f 11.55 124.07 f 5.68 116.80 f 6.66 119.33 f 4.00 
Normalized small intestinal length, 68.81 f 4.97 71.53 f 5.92 64.44 f 9.25 61.19 f 7.96b 


cm/100 g of body weight 
- 


Lendh of small intestine traversed. cm 54.92 f 13.62 81.64 f 12.18 83.00 f 15.39' 90.00 i 12.48 
Percentage of small intestine traversed 46.02 f 10.02 65.80 f 9.35 70.83 f 11.20b 75.33 f 9.40h 


a The f indicates 1 SD; parentheses contain number of animals. b Statistically significant difference when compared with the mean values of sham control rats (P 5 
0.05). 


Pooling increases the degrees of freedom and sensitivity of the test and 
is possible if the ratios of the mean square deviation from regression are 
satisfactorily homogeneous. If the F test showed that the ratios of the 
mean square deviation from regression were not satisfactorily homoge- 
neous, a modified Welch test to test the significance of difference between 
slopes was used. The following formula expresses this test 


(Eq. 4) 


The approximate degrees of freedom fort' was calculated using the fol- 
lowing formula: 


For propulsive motility, a simple Student t test was used to compare 
the significance of the mean differences. In all statistical tests, significance 
was tested a t  the 5% level. 


RESULTS 


The progressive magnesium deficiency syndrome was observed in the 
deficient animals: hyperemia of the skin, nose, ears, footpads, and tail 
appeared on the 5th day and progressed to weeping, crusting lesions (Fig. 
1). 


The magnesium-deficient rats were inactive but irritable when stim- 
ulated with a blast of air. At the end of the 2nd week, the appetite of the 
animals improved considerably, although irritability became increasingly 
prominent. The weight curves of the sham control and magnesium-de- 
ficient groups are given in Fig. 2. The deficient group rats lagged in the 
rate of weight increase compared to the sham control group until the 3rd 
week, when they ceased to gain weight. 


Results of changes in food intake, net water intake, and fecal and uri- 
nary excretions are given as daily average values for the rats fed the 
magnesium-deficient diet. After 5 days, the average daily wet fecal weight 


(Fig. 3), dry fecal weight (Fig. 41, and fecal pellet count (Fig. 5) were 
significantly less for the magnesium-deficient animals. At no time could 
i t  be concluded that differences existed in daily average food intake (Fig. 
6), net water intake (Fig. 71, or net fluid output (Fig. 8). The regression 
equations fitted to the data points in Figs. 2-7 are presented in Tables 
I1 and 111. 


In all cases, muscle strips from the small intestine of magnesium-de- 
ficient animals showed a greatly increased contraction strength in re- 
sponse to a test acetylcholine dose (Fig. 9). This response was present 4 
weeks following initiation of the magnesium-deficient regimen. Although 
not depicted, muscle segments from the colons of magnesium-deficient 


I 


~ 


START MAGNESIUM-DEFICIENT DIET 
DAYS 


Figure 5-Time courses of mean fecal pellet outputs from sham control 
and magnesium-deficient rats. 
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START MAGNESIUM-DEF ICI ENT DIET 
DAYS 


Figure 6-Time courses of mean daily food intakes from sham control 
and magnesium-deficient rats. 


animals either failed to show increased contractile force to acetylcholine 
or showed a decreased response. As seen in Table IV, statistically sig- 
nificant increases in the small intestinal transit rate were noted in the 
4-week magnesium-deficient animals when contrasted to the sham 
controls. The mass transit data indicate that the effects noted in isolated 
duodenal muscle segments probably are generalized to other regions of 
the small intestine as well. 


All animals carried for 30 days on the magnesium-deficient diet dis- 
played significant morphological differences from the sham controls in 
the heart, liver, skeletal muscle, kidney, and gastric mucosa. In all mag- 
nesium-deficient rats of this group, there were focal degenerative and 
inflammatory changes in the myocardium. In the liver, areas of focal 
degeneration and increased vacuolization were noted. In the magne- 
sium-deficient group, degenerative and inflammatory changes appeared 
in the voluntary muscles. The lesions consisted chiefly of a degenerative 
change and associated muscle bundle swelling, with an accompanying 
loss of sarcolemmal nuclei. 


In the stomach, alterations were seen in the mucosa. These changes 
included occasional dilation and engorgement of small vessels and en- 
largement of gastric pits. Elsewhere, chief cells appeared reduced in 
number and compressed by swollen adjacent parietal cells. However, the 
most consistent abnormalities noted were in the kidneys. The kidneys 
of all magnesium-deficient rats showed large calcium deposits in the 
medullary tubule lumina, with a preponderance near the corticomedul- 
lary junction. These deposits were laminated, the affected tubules were 
dilated, and their epithelium was flattened. 


DISCUSSION 


The pathophysiological findings of magnesium deficiency in the rat  


__ . *,.. lnll,,lll 


- - - - -  . I11)e.IU,.,..l 


5 10 15 20 25 130 35 40 45 50 55 60 
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Figure 7-Time courses of mean net water intakes from sham contra/ 
and magnesium-deficient rats. 


START MAGNESIUM-DEFICIENT DIET 
DAYS 


Figure 8-Time courses of mean net fluid outputs from sham control 
and magnesium-deficient rats. 


were in good agreement with numerous previous studies (12-16). Hy- 
perexcitability, cutaneous hyperemia, general fur 1099, shaggy coat, ringed 
eye dermatitis, encrusted nostrils, and signs of early diarrhea were con- 
sistent findings. Histological findings also were in agreement with pre- 
viously reported data to an extent that they confirmed that hypomag- 
nesemia existed in the experimental rats (15). 


However, certain metabolic effects were not found. For example, unlike 
the findings of Orent et al. (17), the average weight of the magnesium- 
deficient group never fell below the initial average weight of this pa- 
rameter; and although the average rate of weight increase was less than 
that of the control group, the difference was not significant. Such in- 
consistencies may have been due to the use of different strains and ages 
of rats and to variations in the formulations of the deficient diets, par- 
ticularly in earlier days when it was more difficult to make an accurately 
defined diet with simple magnesium deficiency alone. 


Fecal wet weight and pellet count performance of the deficient group 
were reduced while the mean small intestinal transit fraction increased. 
These results are in agreement with in uitro studies which showed that 
isolated duodenal muscle segments were hyperreactive to a cholinergic 
stimulus, while no differences in acetylcholine reactivity were apparent 
in the colons of the deficient group. Upon necropsy, the colons of the 
magnesium-deficient rats were visually observed to be enlarged. 


I t  is concluded that, in the rat, GI motor activity and, to some degree, 
excretory performance are affected by chronic magnesium deficiency. 
Frank liver damage suggests that the function of this organ may become 
impaired. Thus, the function of the digestive system is affected to such 
an extent that  it cannot be regarded merely as a conduit for magnesium 
intake, excretion, and conservation. 


The increased small intestinal transit rate in the deficient state suggests 
that a regeneratively destructive response may exist in this organ in re- 
sponse to magnesium deficiency: intake restriction results in impaired 
ability to absorb and/or conserve magnesium in the small bowel. The 
visual appearance of distended colons in deficient rats is consistent with 
the reduction in fecal water content in these animals; a condition of partial 
constipation would he consistent with efforts to conserve magnesium by 
increasing colonic residence time. This hypothesis is attractive in the 
particular case of the rat where, under normal circumstances, approxi- 
mately 70% of the total magnesium absorption occurs in the cecum and 
ascending colon (18). 


Figure 9-In vitro motility responses of small intestinal muscle strips 
from sham control and magnesium-deficient rats. 


982 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 8, August 1979 







REFERENCES 


(1) M. F. Tansy, in “Intestinal Absorption of Metal Ions, Trace El- 
ements and Radionuclides,” S. C. Skoryna and D. Wddron-Edward, m., 
Pergamon, Oxford, England, 1970. 


(2) B. L. Vallee, W. E. C. Wacker, and D. D. Ulmer, N. En& J. Med., 
262,155 (1960). 


(3) M. F. Tansy, F. M. Nichini, H. W. Baker, and J. Chrzyanowski, 
J. Surg. Res.. 11,213 (1971). 


(4) F. M. Nichini, M. F. Tansy, and F. M. Kendall, Radiology, 108, 
413 (1973). 


(5) M. F. Tansy, F. M. Kendall, and F. M. Nichini, IRCS Letters to 
the Editor, July (1973). 


(6) M. F. Tansy, W. E. Landin, and L. Salkin, presented a t  2nd In- 
ternational Symposium on Magnesium, Montreal, Canada, 1976. 


(7) M. Artizzu and B. Messier, Br. J .  Exp. Pathol., 52,70 (1971). 
(8) B. Frenning, P. Johansson, and P. G. Ohm, Upsala J.  Med. Sci., 


(9) R. Veilleux, Lab. Inuest., 33.80 (1975). 
79,90 (1974). 


(10) J. Christiansen, J. F. Rehfeld, and F. Stadil, Gastroenterology, 


(11) E. J. VanLiere, J. Stickney, and D. W. Northrup, ibid., 5 ,  37 
68,1140 (1975). 


(1945). 


96,519 (1932). 


(1934). 


Pathol., 49,427 (1950). 


(12) H. D. Kruse, E. R. Orent, and E. V. McCollum, J. Biol. Chem., 


(13) E. R. Orent, H. D. Kruse, and E. V. McCollum, ibid., 106,573 


(14) E. Lowenkaupt, M. P. Schulman, and D. M. Greenberg, Arch. 


(15) L. A. Goldsmith, J. Nutr., 93,87 (1967). 
(16) B. S. W. Smith and D. I. Nisbet, J. Comp. Pathol., 78, 149 


(17) E. R. Orent, H. D. Kruse, and E. V. McCollum, Am. J. Physiol., 


(18) J. G.  Chutkow, J. Lab. Clin. Med., 63.71 (1964). 


(1968). 


101,454 (1932). 


ACKNOWLEDGMENTS 


Presented at the 27th Annual Fall Meeting of the American Physio- 
logical Society, Philadelphia, Pa., August 1976 [Physiologist, 19, 263 
(1976) (Abstract)]. 


Abstracted in part from a thesis submitted by W. E. Landin to Temple 
University in partial fulfillment of the Master of Science degree re- 
quirements. 


Absorption and Penetration of Dinoprost (Prostaglandin F2a) and 
Dinoprost Methyl Ester into 
Perfused Mesenteric Circulation in Rats 


BRUCE M. TAYLORx and FRANK F. SUN 
Received March 6,1978, from Experimental Biotogy, The Upjohn Company, Kafamazoo, MI 49001. 
1979. 


Accepted for publication February 6, 


Abstract The absorption of dinoprast (prostaglandin Fza) and its 
methyl ester in rat jejunum was studied. A 22-cm segment of rat jejunum 
was cannulated a t  both ends and connected to an oscillating perfusion 
pump system. The mesenteric vasculature supplying this isolated seg- 
ment also was cannulated and perfused with Kreb’s bicarbonate buffer 
with dextran. Solutions of 3H-dinoprost or its methyl ester were intro- 
duced into the lumen and oscillated through the segment. The disap- 
pearance of radioactivity from the lumen and the appearance of radio- 
activity in the vascular perfusate were monitored. The metabolite pat- 
terns in the vascular perfusate were analyzed by TLC. A lag between the 
time the drug disappeared from the lumen and the time it appeared in 
the mesenteric circulation was detected. This lag was longer for the 
methyl ester than for the free acid, even though the ester disappears from 
the lumen faster than does the free acid. Upon removal of dinoprost from 
the gut lumen, a gradual decrease in the amount of drug appearing in the 
mesenteric circulation could be detected. However, with the ester, a slight 
increase could be observed for -0 .5 hr, followed by a decrease. Metaho- 
lism by the gut wall appears to be greater for the ester than for the acid. 
The results suggest that, although the ester disappears from the lumen 
more quickly than does the acid, it actually penetrates to the blood a t  a 
slower rate and undergoes greater metabolism. 


Keyphrases Dinoprost-absorption and penetration, mesenteric 
circulation, rats, metabolism 0 Dinoprost-methyl ester, absorption and 
penetration, mesenteric circulation, rats, metabolism 0 Pharmacoki- 
netics-dinoprost and dinoprost methyl ester, mesenteric circulation, 
rats u Prostaglandins-dinoprost, dinoprost methyl ester, absorption 
and penetration, mesenteric circulation, rats, metabolism 


Prostaglandins have been viewed as potential panaceas 
almost since the moment of their discovery. Much research 
has been devoted to their endogenous and exogenous 
functions in various organs and tissues, and various roles 
have been assigned to this family of compounds. Because 


of their ubiquity and functional diversity, prostaglandins 
are appealing prospects as therapeutic agents for many 
conditions. However, before this potential can be realized, 
a practical administration route must be developed. The 
most desirable route would be oral. When dinoprost 
(prostaglandin F2J or its methyl ester are administered 
orally, the major absorption site appears to be the small 
intestine since there is little absorption from the stomach’; 
although there can be some absorption by the large intes- 
tine, most of the compound disappears before reaching this 
area (1). 


The present study was designed to gain insight into in- 
testinal absorption of prostaglandins: their disappearance 
from the intestinal lumen, their appearance in the mes- 
entric circulation, and the extent of their metabolism in 
the intestinal wall. Investigations into the rates of pros- 
taglandin disappearance from the intestinal lumen (1 ,2)  
have been based on studies of prostaglandin disappearance 
from the mucosal side of the intestine. From such studies, 
Ho and coworkers (3 ,4)  proposed that dinoprost absorp- 
tion is diffusion dependent and that its metabolism may 
affect the absorption rate. In addition, previous work2 
showed that the lymphatic system does not play a role in 
the transport of orally administered prostaglandins. 


This study looked at the serosal side of the intestine uia 


1 E. Daniels and H. VanEyk, The Upjohn Co., Kalamazoo, MI 49001, personal 


2 L. Comptan and J. Weeks, The Upjohn Co., Kalarnazoo, MI 49001, personal 
communication. 


communication. 
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Abstract  0 Hydrolysis of 5-azacytidine, an experimental anticancer 
drug, in aqueous buffers was measured using a high-pressure liquid 
chromatographic (HPLC) procedure and a I3C-NMR method. The for- 
mer utilized a 17.5-pm Aminex A-6 strong cation-exchanger column 
eluted with 0.4 M ,  pH 4.6 ammonium formate buffer at a flow rate of 0.4 
ml/min. The hydrolysis sequence as well as the existence of a labile in- 
termediate, N-formylguanylribosylurea, was unequivocally established 
using 6-I3C-5-azacytidine and NMR spectral techniques. A reversible 
ring opening step to the N-formylguanylribosylurea with an equilibrium 
constant of 0.58 f 0.03 between pH 5.6 and 8.5, followed by an irreversible 
formation of guanylribosylurea, was found by HPLC. The data confirm 
previous assumptions on the hydrolytic kinetics. The pH dependency 
of hydrolysis was examined, and the hydrolysis profile gave a normal V 
shape with the most stable pH a t  7.0. Rather stable intravenous dosage 
forms can be formulated. 


Keyphrases 5-Azacytidine-hydrolysis kinetics, aqueous solutions, 
high-pressure liquid chromatography, W - N M R  0 Hydrolysis kinet- 
ics-5-azacytidine, aqueous solutions Antineoplastic agents-5-aza- 
cytidine, hydrolysis kinetics, aqueous solutions 


A cytidine analog, 5-azacytidinel (I), first synthesized 
in 1964 (1) and subsequently isolated from Streptouerti- 
cillium ladakanus (2, 3), has shown antitumor activity 
against several animal neoplasms including L-1210 leu- 
kemia (4) and T-4 lymphoma (5 ) .  Clinically, it has also 
demonstrated activity against various solid tumors (6) as 
well as leukemias (7) add is currently undergoing phase I1 
trials (8). 


This compound has long been known to be unstable in 
aqueous solution. Its lability has been attributed to the 


1 4-Amino-l-~-~-ribofuranosyl-l.3,5-triazin-2-one, NSC-102816, CAS Reg. No. 
320-67-2. Supplied by the Drug Synthesis and Chemistry Branch, Developmental 
Therapeutics Program, Division of Cancer Treatment, National Cancer Institute, 
Bethesda, MD 20014. 


facile hydrolytic cleavage across the 5,6-bond (9-1 1). 
Consequently, proper formulation has been a problem in 
its clinical use. In addition, not only has the metabolic 
evidence indicated that ring cleavage is a major process of 
its disposition (12-14), the facile process may have a pos- 
sible relationship to its still unclear overall biological ac- 
tivity. Therefore, the nature and sequence of its hydrolysis 
must be understood. While hydrolysis of I has been in- 
vestigated (9-11, 15), the lack of a suitable analytical 
method has hampered a complete and unequivocal kinetic 
analysis, although certain information concerning hy- 
drolysis has been obtained through spectroscopic resolu- 
tion in a complex hydrolytic mixture (10). 


Recently, specific information was obtained through 
TLC, NMR (1 l), and high-pressure liquid chromatography 
(HPLC) (151, including the isolation and identification of 
the labile intermediate; however, a systematic kinetic 
analysis is still lacking. This paper describes an HPLC 
method for the simultaneous analysis of 1 and its labile 
intermediate, N-formylribosylguanylurea (II), which oc- 
curs during formation of the hydrolytic product 1- 
/3-~-ribofuranosyl-3-guanylurea (111). Corroborated with 
Fourier transform 13C-NMR, using a 6-13C-5-azacytidine 
previously synthesized in this laboratory (14), a detailed 
kinetic analysis of the hydrolysis of I in aqueous solution 
is presented. 


EXPERIMENTAL 
Chemicals a n d  Reagents-All solvents were either analytical or 


liquid chromatographic grade. 5-Azacytidine was greater than 99% pure 
by HPLC and was used without further purification. Ninety percent la- 
beled 6-'3C-5-azacytidine was synthesized as described previously (14). 
l-~-~-Ribofuranosyl-3-guanylurea (111) was synthesized according to 
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the procedure of Pithova et al. (9). Sodium formate* and 90% enriched 
I-13CC-sodium acetate?, used as internal standards, were also pure by 
'.'C-NMH. 


Analytical Procedure-Methanolic or aqueous solutions of 5-aza- 
cytidine were injected into a liquid c h r o m a t ~ g r a p h ~ . ~  uia a 2O-pl high- 
pressure sample injection valve5. The solution was eluted into a 500 X 
2-mm i.d. stainless steel column5 packed with 17.5-pm Aminex A-G6 
strong cation-exchanger with 0.40 M, pH 4.6 ammonium formate buffer 
a t  a flow rate of 0.4 m l h i n .  The components emerging from the column 
were detected uia a IJV detector5 set a t  254 nm. The UV-absorbing 
components were quantitated using either peak height or peak area as 
estimated uia a mechanical disk integrator on a strip-chart recorder7. No 
significant difference was observed between these two quantitative 
methods. 


'W-NMR- NMH studies of 5-azacytidine, 6-1XC-5-azacytidine, and 
guanylrihosylurea were recorded in dimethyl sulfoxide or in aqueous 
buffers at  pH 8.0 uia a 25.2-MHz Fourier transform NMR spectrometer*. 
Typical parameters for the measurements were: acquisition time, 0.8 sec; 
pulse delay, 1.2 sec; sweep width, 5000 Hz, 8 K data points; and tip angle, 
300. 


For kinetic measurements, an aqueous solution of 90% enriched 6- 
':F-5-azacytidine, 0.1 M in pH 8.0,0.067 M phosphate buffer, was placed 
in the sample tuhe, which was inserted into the spectrometer probe. The 
probe temperature was maintained a t  38 f 0.1'. Rapid pulses a t  a pulse 
width of 8 were generated, and the appropriate number of transients was 
accumulated to acquire an adequate signal-to-noise ratio. A timer was 
started when the 5-azacytidine solution was mixed and placed inside the 
spectrometer. At the end of each accumulation, the time was noted. 


Kinetic Measurements-The hydrolytic degradation of 5-azacytidine 
was studied quantitatively hy HP1.C a t  25 and 37O in 0.067 M sodium 
phosphate buffer and acetate buffer a t  pH 4.5-9.1. 


All  experiments were duplicated. A gas-tight syringe was filled with 
a solution of 5-azacytidine a t  either 4.10 X M in a 
phosphate buffer of the desired pH. For the 25" runs, the filled syringe 
was allowed to remain a t  room temperature in the high-pressure injector 
valve module. At approximately 10-min intervals, aliquots were pushed 
into the sample loop and injected immediately. For the 37' runs, the 
syringe was filled, capped, and placed in a constant-temperature hath. 
I t  was then removed a t  specific intervals to fill the injector loop and 
quickly replaced in the bath. 


The 5-azacytidine concentrations were followed by either the peak 
height or the peak area method. Stability evaluations were made in 
Ringer's lactate and in normal saline a t  room temperature as well as a t  
refrigerated temperature (SO). 


or 8.20 X 


RESULTS 
Drug Assay-With either methanolic or aqueous solutions of 5-aza- 


cytidine kept a t  ice temperature before injection, a straight line was oh- 
served in the 0.041-8.20 X M range when either peak heights or peak 
areas were plotted against concentrations. The variance of 10 separate 
injections a t  0.20 X l W 4  M was less than 1%. 


When 5-azacytidine was dissolved in a phosphate buffer, 0.067 M a t  
pH 8.0. and chromatographed, in addition to a peak emerging a t  3.4 min 
(peak 1) corresponding to 5-azacytidine, a small, slower running peak 
emerged a t  7.3 min (peak 2) and the intensity of peak 2 appeared to in- 
crease with t.ime (Fig. 1). Their peak height ratio (peak 1 to peak 2) ap- 
peared to he constant a t  approximately 3 2  after 150 min. The intensities 
of these two peaks then diminished with time while maintaining an es- 
sentially constant ratio. 


Each component was collected into a separate tube a t  room tempera- 
ture. Reinjection of peak 1 immediately following collection yielded a 
single peak corresponding to .i-azacytidine. However, similar treatment 
of' peak 2 gave t w o  components corresponding to peaks 1 and 2, the latter 
at R higher intensity. After a longer period, repetition of the injection of 
either peak 1 or 2 revealed two peaks, this time with a peak 1 to peak 2 
ratio of approximately 3:2 hut with both a t  much diminished intensities. 
Collection of peak 2 a t  ice temperature did not appear to change the re- 
versal of peak 2 to peak 1. 


* Mallinckrodt. 


:' Spectra-Physics. Santa Clara, Calif. 


' Varian Aerograph. model 20, Varian Associates, Palo Alto, Calif. 


Merck 6;. Co., St. Louis, Mo. 
Chromatronix model 3510. 


Packed in this lahoratory with the resin supplied by Bio-Rad Laboratories, 
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TION 
Figure 1 -High-pressure liquid chromatograms of 5-azacytidine, 8.2 
X M in pH 8.0.0.067 M potaasium phosphate at 25", using 0.4 M, 
pH 4.6 ammonium formate at 0.4 mllmin. 


Attempts to isolate peak 2 by collecting it into a tube in a dry ice- 
acetone hath followed by lyophilization failedg. Dissolving the residue 
in water and injecting it into the liquid chromatograph did not give sig- 
nificant amounts of a IJV-absorbing peak (254 nm). TLC analysis of the 
residue using the literature procedure (14) indicated that guanylri- 
bosylurea (111) was a major component. 


I3C-NMR Analysis-The naturally abundant proton-decoupled 
NMR spectra of 5-azacytidine and guanylribosylurea spiked with formate 
in aqueous buffer are shown in Figs. 2 and 3, respectively. The chemical 
shift assignments of 5-azacytidine under the present conditions were 
referenced from reported values (16). and those for guanylribosylurea 
were assigned by direct comparison with those of I (Table I). Differences 
of the chemical shifts of guanylribosylurea from 5-azacytidine were seen 
in C-2, C-4, and C-1, as expected from the structure. 


When a 5-azacytidine solution in pH 8 phosphate buffer was subjected 
to Fourier transform NMR analysis, new sets of signals not accounted 
for on the basis of the 5-azacytidine and ribosylguanylurea spectra ap- 
peared with time. A new signal appeared a t  171.7 ppm, subsequently 
identified as formate by signal enhancement with the addition of sodium 
formate. Furthermore, the signal a t  157.5 ppm was particularly broadened 
(Fig. 4). 


The kinetic detections of 6-'3C-5-azacytidine hydrolysis in a buffered 
solution are shown in Fig. 5. A known concentration of '3CC-sodium acetate 
was added to the buffered solution in an attempt to quantitate the de- 
composition kinetics. The signals ratio between the C-6 of 5-azacytidine 
and the C-1 of sodium acetate was essentially constant until after 17 min. 
A small signal appeared a t  167.8 ppm and increased with time. After 90 
min, a second signal a t  171.7 ppm appeared. Both new signals increased 
a t  the expense of the C-6 of 5-azacytidine, as indicated by slowly de- 
creasing ratios of the signal intensity of the C-6 of 5-azacytidine to the 
C-1 of acetate. After 270 min, the intensity of the lower field signal ex- 
ceeded that of the higher field one. The time course of the ratios between 
the C-6 signal of 5-azacytidine and the C-1 of acetate, an added internal 
standard, is shown in Fig. 6. 


The identity of these new signals was confirmed by off-resonance de- 
coupled NMR measurements, which assess the ISC-H coupling. In this 
experiment, all signals exhibited a doublet except the signal of acetate 
(Fig. 5h), which indicated the attachment of one proton to each carbon. 
The chemical shift of the signal a t  171.7 ppm coincided with that of the 
formate. On the hasis of the chemical rationale of hydrolysis, UV ab- 
sorption property uia HPLC, and C-H coupling uia the NMR off-reso- 
nance decoupling experiments, the signal a t  167.8 ppm was assigned as 
derived from the formyl carbon of the labile intermediate, N-formyl- 
guanylri hosylurea. 


Kinetic Analysis-5-Azacytidine hydrolysis was carried out in 0.067 
M phosphate huffers at  pH 45-9.1 and a t  25 and 37O. Selected hydrolysis 
profiles as measured by concentrations of 5-azacytidine uersus times are 
shown in Fig. 7. Either monophasic or hiphasic profiles were observed 
in all of the pH and temperature studies on semilog plots. A t  low pH as 
well as in the vicinity of neutral pH, biphasic profiles were observed, with 


Recently, Beisler (11) was able to isolate and characterize N-formylrihoeyl- 
guanylurea by HPLC using a C-18 reversed-phase column and water as the eluant. 
In the preeent case, the low pH and high salt content during the lyophilization 
procedure may have caused the decomposition of this lahile intermediate. 
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Table I-Chemical Shifts a of 5-Azacytidine and 
Guanylribosylurea 


Carbon I I11 


c -4  
C-6 
c - 2  
c-1' 
c-4' 
C-3' 
C-2' 
C-5' 


166.4 
157.5 
156.1 
91.8 
84.6 
74.9 
69.6 
61.1 


162.2 


165.4 
85.5 
83.9 
74.3 
71.2 
62.7 


- 


Measured in dimethyl sulfoxide and expressed in parts per million with tetra- 
methylsilane as the internal standard. 


the most pronounced being at  pH 7 and 8. A t  high pH, i.e., 9.1, the first 
phase was too rapid to be discernible so that an apparently monophasic 
profile was observed. Similar biphasic profiles of 5-azacytidine were 
observed in Ringer's lactate as well as in normal saline, although the 
terminal phases declined very slowly. 


From this evidence for the existence of an initial equilibrium phase 
between N-formylguanylribosylurea and 5-azacytidine, the biphasic 
behavior of these hydrolysis profiles were attributed to the kinetic scheme 
of Pithova et al. (9) (Path A, Scheme I). 


The appropriate rate constants can be solved by making several as- 
sumptions: (a )  the initial process is a rapid equilibrium, ( b )  N-formyl- 
guanylribosylurea exists a t  an approximate steady state throughout the 
hydrolysis, and (c) k-1 >> kp. These assumptions were supported by 
subsequent estimated data, generating a self-consistency. Then k 1 and 
k-1 are solvable by: 


and (17, 18): 


kp is solvable by the first-order degradation of the second phase: 


A = Aoe-Kt (Eq. 3) 


K = K,,K:! 0%. 4) 


The estimated rate constants for 5-azacytidine hydrolysis in aqueous 
buffer solutions at  different pH valuesand at two temperaturesare shown 
in Table 11. The stability profile a t  25 and 37" as expressed by plotting 
log kl versus pH is shown in Fig. 8. The profile a t  both temperatures 
followed a typical V shape, with the most stable pH a t  7.0. 


DISCUSSION 


As was first proposed by Pithova et al. (9), 5-azacytidine in aqueous 
solution undergoes hydrolysis according to Scheme I in strong aqueous 
acid. Glycosidic linkage cleavage to yield 5-azacytosine, 5-azauracil, and 
D-ribose (Path B) was the major degradative pathway. In neutral and 


Figure 2-l'"C-NMR spectrum of 0.15 M <5-atacytidine at 30'. Thp 
solvent was deuterium oxide-water. 


2 2  
N '  NH2 


. OHOH c i  


Figure 3-13C-NMR spectrum ofguanylribosylurea (0.15 M) and so- 
dium formate (0.32 M) in deuterium oxideewater at pH 10.2 and 30°. 
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Scheme I--h.oposed hydrolysis reactions of 5-azacytidine after h'thoua 
et al. (9) .  Path A is in aqueous buffers, and Path R is in strong acids. 


basic media, a facile ring cleavage to yield an instable N-formylguanyl- 
ribosylurea intermediate followed by a loss of formate to form ribosyl- 
guanylurea was proposed as the major degradative pathway (Path A). 
Notari and DeYoung (10) proposed a refined scheme to include the hy- 
dration step across the 5,6-double bond as the first step. 


In  those studies, UV spectral techniques were used to quantify the 
hydrolysis kinetics of I. Using a TLC and PMR method, Israili et al. (15) 
studied the hydrolysis of 5-azacytidine and found that its degradation 
in aqueous buffers as well as in human plasma under various conditions 
followed first-order kinetics, hut only monoexponential declines were 
reported. 


10 DDrn - 


1 
! 


I 


1'1 ' I  J 
SrJlrWw 


Figure 4-I3CC-NMR spectrum of 5-azacytidine in p H  8.0 phosphate 
buffer (0.15 M )  after 4 hr at 30". 
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Table 11-Estimated Rate  Constants a for  5-Azaeytidine Hydrolysis in Aqueous Buffer  Solutions 


I- 


U 
> 
m !z 


25' 30' 
k l  x 10-3~4,  k - ,  x 10-3 M, k 2  x M, k l  x M ,  k-1 X M ,  


c'5iA 


4.5 7.67 f 0.37 17.50 f 0.40 0.44 4.10 15.60 f 0.40 32.30 f 1.40 0.48 
5.6 6.27 f 0.37 11.20f 1.20 0.57 1.30 11.20 f 0.60 19.60 f 1.50 0.58 
5.0 3.22 f 0.02 5.73 f 0.04 0.56 0.77 7.33 f 0.00 13.05 f 0.00 0.56 
7.4 4.36 f 0.04 7.95 f 0.24 0.55 0.93 12.8 f 0.50 22.20 f 0.50 0.58 


9.92 f 0.03 17.20 f 0.50 0.58 1.70 35.00 f 1.80 60.80 f 1.70 0.58 8.0 
8.5 24.00 f 1.10 39.20 * 1.8 0.61 - 
9.1 62.20 f 3.80 101.0 f 6.0 0.61 10.80 


- - - 
- - - 


u Calculations were t)ased on the molar concentrations of remaining 5-azacytidine since the N-formyl intermediate possesses different extinction coefficients (10, 11). 
A t  those times where initial equilibrium was observed and used for calculation, insignificant amounts of irreversible degradation occurred, consistent with the assumptions 
made, I v , kl >> k p ,  and with the experimental observations (13CC-NMH). This finding is also consistent with the observations in Ref. 11 .  


None of the previous studies isolated and characterized the N -  
formylguanylribosylurea intermediate. In a preliminary study (19) in this 
laboratory, the N-formyl intermediate was isolated and characterized 
by l:Y:-NMI<. Recently, using HPLC and PMR, Beisler (11) also isolated 
and characterized the N-formyl intermediate and reported its biological 
activity. However, no detailed kinetic analysis of the hydrolysis of I was 
presented. 


The aims of this study were to use WC-NMR coupled with specific 
stable isotopic laheling to demonstrate unequivocally the existefice of 
the unstable intermediates and the sequence of the degradation and to 
use an assay method to quantitate the kinetics and hydrolysis of 5-aza- 
cytidine as a function of pH and temperature. 


I3C-NMR--Because of the high sensitivity and speed in data acqui- 
sition, Fourier transform W - N M H  has been used in studying reaction 
mechanisms (20, 21). In the present studies, the large differences in 
chemical shifts among the imino carbon of 1, the N-formyl carbon of 11, 
and the formic acid carbon were utilized for analysis. The C-H coupling 
( i . c . ,  douhlet) should provide a positive identification of their location. 
Initially, it was anticipated that NMR studies on the basis of naturally 
abundant C- 13 would provide the necessary evidence for the hydrolysis; 


b C d 
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I, 
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31 min 
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J..L 
269 min 


90 rnin 


1367 min off resonance 
Figure 5.- 1:'C-NMR spectrum of 90% enriched 6- I:'C-5-aracytidinP 
((1.1.18 M) in pH 8.0, 0.067 M potassium phosphate buffer containing 
.YO", dcutcrium oxidp und 'Y"sodiurn acetate (0.20 M) at 27'. Figures 
5a-5h arv spcctra ut sc,lc'cted times. For complete number of time points, 
.S('(' Fig. 6. 


however, no additional signals a t  the low field region except the formate 
carbon have been revealed in the hydrolysate. Subsequently, it was found 
that, due to the overlapping signal between the C-6 of N-formyl carbon 
and the C-4 and 5-azacytidine, it was not possible to follow the kinetics 
of the generation of I1 using naturally abundant laC-compounds. This 
problem was circumvented by the use of 1%-5-azacytidine labeled a t  the 
C-6 position synthesized previously (14). 


Use of 90% labeled 6-I3C-5-azacytidine revealed the generation of 
N-formylribosylguanylurea and subsequently formic acid from a solution 
of 5-azacytidine in pH 8.0 phosphate buffer. The chemical shifts and 
multiplicity in off-resonance decoupled 'W-NMR and UV absorption 
characteristics detected from the HPLC studies are all consistent with 
the assigned N-formylguanylribosylurea structure. In addition to the 
off-resonance decoupled experiment, the formate carbon identity comes 
from enhancement of signal intensity with addition of sodium formate. 
On the basis of the timed I3CC-NMR studies, the generation sequence of 
N-formylguanylribosylurea and formate was proven unequivocally. Al- 
though carbinolamine formation as the first step of hydration across the 
5.6-double bond (10) appeared to he reasonable, its detection by I3C- 
NMR has not yet been accomplished, possibly because of its short life 
or very low concentration. Thus, this study also demonstrates the use of 
stable isotope labeling and ' T - N M R  in the study of reaction mecha- 
nisms. 


Since the relaxation mechanism and TI of 5-azacytidine and N- 
formylguanylribosylurea are likely to be similar, it was thought that  by 
selecting a reference atom with a similar chemical shift, the degradation 
kinetics could he followed. Thus, 90% 1-lT-sodium acetate equimolar 
to 6-13CC-5-azacytidine was added to the solution for the kinetic mea- 
surement. Decomposition kinetics were followed by a change in the signal 
ratios between the C-6 of 5-azacytidine and the C-1 of acetate (Fig. 6). 
However, as shown, the ratio remained relatively constant for the initial 
several minutes and declined afterwards. The kinetic profile was not 
consistent with the HPLC data and remained difficult to interpret. The 
difference was perhaps due to in part to errors in Fourier transform NMR 
arising from limitations because of the number of data points available 
in the computer system and from the nonuniformity in numbers of pulses 
for each time spent. Therefore, steady state may not have been achieved 
in the experiments with few pulses. 


2 1  k! 1.0 


100 200 300 400 500 600 0.5l 


MINUTES 


Figurc 6-KinPtie profiles of 9fK enrichrd 6- 'V-5-azacytidine (0.158 
M) hydrolysis in pH 8.0,0.067 M potassium phosphate buffer containing 
30:'; deuterium oxide and "'C-sodium ac?tQt(' (0.20 M) at 27" using 
l:Y.'-NMR measurements. Vertical axis is signal intensity ratios hetiwen 
.5-azacytidine and sodium acetate. 
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Figure 7-Kinetic profiles of 5-azacytidine (8.2 X M) hydrolysis 
in potassium phosphate buffers using HPLC measurements. Key: (a),  
pH 5.6 and 2.5O; (b), pH 7.0 and 2.5O; and (c), pH 9.1 and 25'. 


Kinetics Studies-Using UV measurement a t  242 nm, Pithova et al. 
(9) first observed an initial increase followed by a subsequent decline 
when the extinction coefficient of 5-azacytidine in pH 6.6-7.8 borate 
buffers was plotted against time. Using similar UV measurements a t  two 
different wavelengths, Notari and De Young (10) observed biphasic 
profiles when 5-azacytidine absorbances in buffer solutions were plotted 
against time; the decrease or increase with time of the initial phase de- 
pended on whether the sample was acidified initially or not. The initial 
phase decreased with time using initially acidified sample and increased 
using nonacidified 5-azacytidine. 


In the present study (Fig. 7), in buffers from pH 4.5 to 8.5, biphasic 
declines were observed when 5-azacytidine concentrations were plotted 
against time. A t  pH 9.1, the profile appeared to be monophasic and 
probably resulted from a very rapid equilibrium so that the first phase 
was not readily discernible. On the basis of the kinetic scheme (Scheme 
I),  the individual rate constants were estimated (Table 11). The direct 
kinetic measurements showed a rapid equilibrium between 5-azacytidine 
and N-formylribosylguanylurea, followed by a slower degradation of the 
latter to ribosylguanylurea. 


As was evident a t  room temperature and various pH values, the rate 
constants, k-1, for the ring closure were several times larger than those 
of the guanylribosylurea formation, kz, consistent with the assumption 
made. This observation is reasonable in view of the chemical nature of 
the cleavages since the latter step requires the breakage of an amide bond. 
The k-1 values were also slightly greater than the k:, values, the rate 
constant for the ring opening, yielding an equilibrium constant of 0.58 
f 0.03 between pH 5.6 and 8.5. This value is close to the constant ratio 
of0.41 between I1 and I reported in water (pH unknown) (11). At 37' the 
equilibrium constants (0.58 f 0.01) remained essentially unchanged (pH 


9 4 
10 9 8 7 6 5 


PH 


Figure 8-The pH stability profile of 5-azacytidine (8.2 X M) in 
aqueous buffers (potassium phosphate buffer, 0.067 M) at 25O (0) and 
37' (A). 


5.6-8.0). The equilibrium constant decreased slightly a t  a lower pH (4.5). 
These observations are qualitatively consistent with the HPLC and PMR 
observations as well as with reported data (lo, 11). 


pH-Dependent Hydrolysis-As shown in Table 11, the rate constants 
of the hydrolysis varied with pH. When log k values were plotted against 
pH at 25 and 37O, a V-shaped curve resulted with both minima a t  pH 7.0 
(Fig. 8), a value slightly different than the pH 6.5 reported (10). The 
slopes on the basic and acidic portions of the curve were +0.630 and 
-0.152, respectively. A similar trend was also observed if log k:! values 
were plotted against pH. The hydrolysis, therefore, appears to be acid 
and base catalyzed, similar to the other known examples (22,23). The 
deviation of the slopes from +1 and -1 on the basic and acidic pH por- 
tions of the curve, respectively, suggests that  the hydrolysis may be 
susceptible to general acid and base catalyses (17). These pH profiles of 
the hydrolyses were markedly different from those reported by Notari 
and De Young (10) who described a more complex profile not readily 
interpretable on the basis of acid and base catalyses. 


The hydrolysis kinetics observed were qualitatively similar to those 
reported using HPLC, PMR, and UV; however, quantitation differences 
were observed with those reported and may be attributed to differences 
in experimental conditions as well as methodologies. Under comparable 
experimental conditions such as those in Ringer's lactate, comparable 
results were obtained. 


Stability Evaluation of 5-Azacytidine in Aqueous Buffers and  
Other  Solutions-Although 5-azacytidine hydrolysis is subject to acid 
and base catalyses, the rate constants for the reversible formation of 
N-formlyribosylguanylurea as well as for the irreversible formation of 
ribosylguanylurea are smaller in magnitude than a t  the basic pH. Since 
ribosylguanylurea itself does not seem to possess significant cytotoxicity, 
rapid degradation of 5-azacytidine to this compound will result in a loss 
of efficacy. Recent biological data suggest that  N-formylribosylgua- 
nylurea also has little cytotoxicity ( l l ) ,  although the evidence was not 
clearcut. However, other researchers found that aqueous solutions of 
5-azacytidine, after long standing a t  room temperature, resulted in higher 
cytotoxicity (24, 25). Although formation of N-formylribosylguanylurea 
is reversible, in the absence of more definitive data it is desirable to for- 
mulate 5-azacytidine in media where the ring opening reaction is re- 
tarded. The pH profile of hydrolysis and kinetic data in Table I1 show 
that the rate constants for the hydrolysis in acidic pH are smaller in 
magnitude than those in basic pH. Therefore, a pH lower than 7.0 will 
result in slower ring hydrolysis. 


In patients, sIow infusion of 5-azacytidine in Ringer's lactate has 
lowered GI toxicity. The present study demonstrated that 5-azacytidine 
is very stable in this medium (pH 6.4), yielding a terminal tIp2 of 4.8 days 
a t  room temperature, a value close to the reported one of 4.2 days (15). 
The t 1 / 2  in this medium a t  refrigerated temperature (0-5') was consid- 
erably longer (31.3 days). 
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Abstract Ahsorption rates of monobasic @-lactam antibiotics were 
measured as a function of lumen solution pH hetween 4 and 9 by utilizing 
the rat intestinal recirculating method in situ. Between pH 6.5 and 9, the 
ahsorption rate constants of ionized antihiotics were almost identical; 
hut., a t  pH 4, the unionized species were highly absorbed, depending on 
their lipophilicity through the GI membrane lipoidal harrier. The 
structure -ahsorption rate relationship was estahlished with the unstirred 
layer model. 


Keyphrases Ahsorption, GI--various monobasic penicillins and 
celazolin, effect of‘ ionization. pH, structure-activity relationships 0 
I’enicillins, various-GI ahsorption, effect of ionization, structure-ac- 
tivitg relationships Cefazolin ---GI absorption, effect of ionization, 
striict.ure-activity relationships 0 Antibiotics-penicillins and cefazolin, 
(;I  absorption, effect o f  ionization, structure-activity relationships 


~~ ~ 


The GI absorption rate of a monohasic penicillin in rats 
deviated significantly from the pH-partition hypothesis 
(1). This shift was interpreted successfully by the ah- 
sorption mechanism of penicillins through the aqueous 
diffusion layer of the lumen side of the GI membrane, 


which is restricted by the lipophilicity of the undissociated 
species (1).  


In in uitro experiments utilizing an isolated gut tech- 
nique, the transport of phenoxypenicillin derivatives ex- 
hibited a saturable process, but additional study did not 
produce evidence of active transport (2). A similar in uitro 
study (3) provided evidence for the passive transport of 
&lactam antibiotics a t  pH 7.4. Perrier and Gibaldi (4) 
attributed the larger absorption of dicloxacillin than of 
penicillin G and ampicillin from the in situ rat intestinal 
loop to the Iarger lipophilicity of dicloxacillin. A good 
correlation was found (5) between the rate of in situ in- 
testinal cephalexin and cefazolin absorption in rats and 
their in uitro release rate from liposomes. 


Recent studies in this laboratory on the in situ absorp- 
tion kinetics of low lipophilic and completely ionized am- 
photeric 0-lactam antibiotics, such as amoxicillin (6), cy- 
clacillin (7 ) ,  and cephradine (7), indicated that their in- 
testinal absorption is governed by simple diffusion fol- 
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Method accuracy was checked by analyzing some samples with the 
G I L  method and with a previously described UV method (17). The re- 
sults were plotted against each other and correlation analysis revealed 
a correlation coefficient, r, of 0.9960 (regression line: y = 1.028~ + 
0.203). 


Plasma samples collected a t  different time intervals from six cancer 
patients to whom 1 g of fluorouracil had been administered intravenously 
were analyzed. Control runs with plasma blanks, collected before the drug 
administration, showed no major interfering peaks eluting in the regions 
corresponding to the drug or to the internal standard. 


Figure 2 shows data obtained from three representative patients. In 
all cases, the fluorouracil concentration leveled off rapidly, with no 
measurable plasma levels occurring after 60 rnin and for three patients 
after 90 min. After an extremely short distrihution phase, the drug ap- 
pears to be eliminated hy a logarithmic linear phase. The applicability 
of the method to these patients indicates that the procedure is suitable 
for clinical pharmacological studies on fluorouracil. 
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Abstract 0 The epithelial surface or the deepithelialized anterior 
stromal surface of isolated rabbit corneas was perfused for 3 hr with 
L4C-penicillin in 25 mM Ringer-bicarbonate solution with or without 
1% albumin and with or without 0.02% cetylpyridinium chloride. The 
intact epithelium acted as a barrier to penicillin and impeded the flux 
rate by 66% when compared to the tlux rate across the deepithelialized 
cornea. The presence of 0.02% cetylpyridinium chloride increased the 
penicillin flux rate across corneas with an intact epithelial layer to that 
of deepithelialized corneas. Cetylpyridinium chloride, 0.02%, had no effect 
on penicillin flux across deepithelialized corneas. The penicillin flux rate 
across corneas, with or without epithelium, was increased slightly fol- 
lowing the inclusion of 1.0% albumin in the bathing solution. The flux 
rates across deepithelialized corneas in the presence of albumin, with or 
without cetylpyridinium chloride, were similar to fluxes found in the 
absence of albumin. Albumin-penicillin “binding” was not a significant 
factor in impeding penicillin flux, and this binding apparently was not 
altered by cetylpyridinium chloride. The surfactant appeared to alter 
epithelial permeability physiologically. 


Keyphrases Cetylpyridinium chloride-ffect on corneal permeability 
to penicillin, effect on epithelium o Surfactants-cetylpyridinium 
chloride, effect on corneal permeability to penicillin, effect on epithelium 


Benzylpenicillin-corneal permeability, effect of cetylpyridinium 
chloride 


The penetration efficiency of most topically applied 
drugs is very small, but penicillin penetration is especially 
poor (1 ,2) .  Poor intraocular drug levels have been attrib- 


uted (3) both to rapid drug removal by tears and to drug 
binding to the tear protein, thus rendering the drug bio- 
logically unavailable. Inclusion of 0.02% cetylpyridinium 
chloride with pilocarpine nitrate when applied topically 
to the rabbit eye caused 10 times the miotic effect of the 
same amount of pilocarpine without cetylpyridinium 
chloride. Previous investigators (4) hypothesized that 
cetylpyridinium chloride was a competitive inhibitor of 
pilocarpine protein binding and that the cetylpyridinium 
chloride allowed a higher percentage of drug to be unbound 
and bioavailable. 


Cetylpyridinium chloride, when applied to the cornea, 
increased fluorescein penetration across the cornea; 
transmission electron microscopy revealed increased in- 
tercellular spaces in the superficial epithelial layer and lysis 
of the outermost cell membranes (5) .  Scanning electron 
microscopy revealed a lbss of epithelial microvilli and 
microplicae, a process accompanied by surface pitting, 
which exposed deeper epithelial cells (6). 


The purpose of this investigation was to delineate fur- 
ther the mechanism of cetylpyridinium chloride in in- 
creasing drug penetration into the eye by examining its 
effects on the corneal flux rate of a known albumin-bound 
drug. 


1176 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 9. September 1979 


0022-35491 791 0900- 1 176$0 7.001 0 
@ 1979, American Pharmaceutical Association 







Table I-Penicillin Fluxes across Rabbi t  Cornea a 


Group I 
Intact epithelium ( n  = 6,361 
Deepithelialized ( n  = 6,36) 


0.043 i 0.001 b.c 
0.126 f 0.004b*c 


Group11 


Group 111 


Group IV 


Intact epithelium ( n  = 5,30) 
Deepithelialized ( n  = 5,30) 


Intact epithelium ( n  = 5,30) 
Deepithelialized (n = 5,30) 


Intact epithelium ( n  = 6,36) 
Deepithelialized (n = 6,36) 


0.053 f 0.0046~c 
0.179 f 0.016b*c 


0.130 f 0.005 
0.130 f 0.005 


0.123 f 0.004 
0.133 f 0.004 


a Values (10-9 mole/cmZ/hr) are the means f S E M ;  n = number of corneas, 
number of experimental determinations. b p  < 0.001, comparing flux rate of corneas 
with epithelium intact to flux rate of deeprthelialized corneas within a given 
c p < 0.05, comparing flux rate of epithelialized corneas in the presence and ag::e 
of albumin (cf.. Groups I and 11); also comparin flux rate of deepithelialized corneas 
in the presence and absence of albumin (cf. ,  8roups I and 11). 


EXPERIMENTAL 


Forty-four adult albino rabbits of either sex, -3 kg, were sacrificed with 
an overdose of pentobarbital sodium. Each eye was proptosed, and the 
epithelium was removed from one eye by scraping with a Gill corneal 
knife. The epithelium of the opposite eye was left intact and protected 
from abrasions during mounting. The corneas were removed and 
mounted in corneal flux chambers, using the specular microscope 
mounting system; this system permits the mounting of corneas without 
trauma to the corneal epithelium (7,8). 


Ringer-bicarbonate (2.5 X lo-* M) solution (pH 7.35) containing re- 
duced glutathione (0.092 gfliter) and adenosine (0.134 gfliter) with an 
osmolarity of 300 mOsm bathed both corneal surfaces (7-10). The volume 
of the endothelial (posterior) chamber was 0.45 ml, and that of the stromal 
or epithelial (anterior) chamber was 1.20 ml. The anterior chamber 
contained a polytef-coated magnetic stirring bar driven by an external 
magnet a t  400 rpm. 


Four epithelial surface perfusion solutions containing ‘‘C-penicillin 
G potassium’ were prepared in Ringer solution to make a final concen- 
tration of 8 X M 14C-penicillin/ml. Group I corneas were perfused 
with penicillin in Ringer solution. Group I1 corneas were perfused with 
penicillin and 1% bovine serum albumin in Ringer solution; the mixture 
was stirred with a magnetic bar for 30 min prior to instillation into the 
flux chamber to allow maximal penicillin protein binding to occur 
(11). 


Group 111 corneas were perfused with a Ringer solution containing 
penicillin, 1% bovine serum albumin, and 0.02% cetylpyridinium chloride 
(also stirred for 30 min prior to use). The penicillin and cetylpyridinium 
chloride were added simultaneously to allow any competitive inhibition 
of the protein binding sites by cetylpyridinium chloride to occur. Group 
IV corneas were perfused with penicillin and 0.02% cetylpyridinium 
chloride in Ringer solution. 


All groups contained paired corneas, one epithelialized and the other 
deepithelialized. The endothelial surface was bathed with normal Ringer 
solution a t  all times. 


The anterior flux chamber was filled with one of the radioactive pen- 
icillin solutions (Group I, 11,111, or IV) immediately after mounting and 
allowed to equilibrate for 1 hr. Sample collection and quantitation of the 
penicillin flux by a liquid scintillation technique were performed as de- 
scribed previously (7) every 30 min over an additional 3-hr period, thus 
providing six sample periods for each cornea. 


RESULTS 


In Group I, the penicillin flux across deepithelialized corneas was three 
times greater than across corneas with an intact epithelium, indicating 
that the intact epithelial membrane provided a very significant barrier, 
p < 0.001 (Table I). This finding was confirmed by the data for Group 
I1 in the presence of 1% bovine serum albumin. In Group 11, a small but 
significant increase in penicillin flux across both epithelialized and 
deepithelialized corneas also was noted in the presence of 1% bovine 
serum albumin when compared to the respective epithelialized and 
deepithelialized corneas in Group I that were perfused without albumin, 
p < 0.05 (Table I). 


Penicillin penetration was the same for corneas in the presence or 


1 Amersham Corp., Arlington Heights, 111. 


absence of epithelium when cetylpyridinium chloride was present 
(Groups I11 and IV). Cetylpyridinium chloride increased the penicillin 
flux across epithelialized corneas so that it equaled the flux across un- 
treated deepithelialized corneas (Groups I and IV). This finding dem- 
onstrated that cetylpyridinium chloride converted the cornea with an 
intact epithelium into a physiologically deepithelialized cornea. The 
presence or absence of albumin made no difference in the cetylpyridinium 
chloride-evoked response (Table I, Groups I and IV uersus Groups I1 and 
111). 


Comparison of penicillin fluxes in Groups I and I1 reveals some puzzling 
trends. In both the epithelialized and deepithelialized corneas, penicillin 
penetration was increased by approximately one-fourth ( p  < 0.05) by 
the presence of 1% albumin. Such a difference was not noted between 
Groups 111 and IV, where again the only difference was the presence or 
ahsence of albumin. 


DISCUSSION 


The corneal epithelial barrier impeded the penicillin flux rate to one- 
third that of the flux rate across deepithelialized corneas. Cetylpyridin- 
ium chloride chemically converted the penetration characteristics of the 
epithelialized cornea into those of a deepithelialized cornea; i.e., i t  in- 
creased its permeability so that  both deepithelialized corneas and 
cetylpyridinium chloride-perfused epithelialized corneas showed equal 
penicillin fluxes. 


An unexplained finding was that the penicillin flux significantly in- 
creased when 1% bovine serum albumin was present in the solutions 
perfusing the anterior corneal surface. Albumin apparently enhances the 
corneal permeability (across both the normal and deepithelialized cor- 
neas) in the absence of cetylpyridinium chloride, despite the known 
60-65% binding of penicillin by albumin (1 1). Such a difference was not 
noted in the presence of cetylpyridinium chloride. The reason for this 
albumin-enhanced permeability is unknown. 


The penicillin fluxes across deepithelialized corneas (Groups I and 11) 
and cetylpyridinium chloride-treated normal and deepithelialized corneas 
(Groups I11 and IV), with and without bovine serum albumin, were of the 
same general magnitude. These results illustrate that  cetylpyridinium 
chloride increases corneal permeability to penicillin by its action on the 
epithelium and that albumin does not retard penicillin flux across the 
cornea. The permeability increase induced by cetylpyridinium chloride 
in the normal cornea is similar to that  found in the deepithelialized cor- 
nea. There was no indication of either an increased or decreased penicillin 
protein binding caused by cetylpyridinium chloride. 


These findings are in contrast t o  the findings of Mikkelson et af. (3, 
4, especially to their hypothesis that  competitive inhibition of protein 
binding of drugs by cetylpyridinium chloride makes more drug bio- 
available in the unbound form. The  current experiments confirm the 
concept that  cetylpyridinium chloride increases drug penetration by 
reducing the epithelial barrier effect. In view of the present findings and 
those noted previously that indicated an effect of cetylpyridinium chlo- 
ride on the epithelial ultrastructure (5,6), it is not surprising that drugs 
placed on the surface of the eye in the presence of cetylpyridinium 
chloride would penetrate the cornea better and have a greater pharma- 
cological effect. 


In summary, cetylpyridinium chloride apparently enhances penicillin 
penetration across the cornea in a manner similar to that found for 
benzalkonium chloride both in uitro and in uiuo (5,12,13); there is a di- 
rect effect on the epithelium, which causes disorganization of the normal 
structure and breakdown of the physiological barrier. 
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A b s t r a c t  0 Oxyphenbutazone decreased the renal excretion ofsodium 
and water in anesthetized dogs. As these excretions decreased, the drug 
also produced a decrease in renal blood flow and in the  glomerular f i l -  
tration rate. Blood pressure increased slightly. These changes are con- 
sistent with an inhibition of renal prostaglandin synthesis and could 
explain why oxyphenbutazone is reported to produce weight gain and 
edema when used clinically. 


Keyphrases  0 Oxyphenbutazone-effect on renal sodium and water 
excretion. renal blood flow, glomerular filtration rate, blood pressure, 
prostaglandin synthesis Anti-inflammatory agents+xyphenbutazone, 
renal ellects 0 Kidney-effect of oxyphenbutazone 


Oxyphenbutazone' is an analog of phenylbutazone* and, 
like the latter compound, is employed as an anti-inflam- 
matory agent. Both agents produce edema and weight gain 
as side effects (1).  A possible renal mechanism has been 
suggested for phenylbutazone since this agent markedly 
reduced renal blood flow and decreased the glomerular 
filtration rate at  the time that urinary volume and sodium 
excretion were reduced (2). In this study, the effect of ox- 
yphenbutazone on several renal functions was deter- 
mined. 


E X P E H I M E N T A L  


Mongrel dogs of either sex, 13-16 kg. were anesthetized with pento- 
harbital sodium (30 mg/kg iv), and the trachea was  intubated to maintain 
an open airway. Mean arterial blood pressure was monitored with a 
pressure transducer? c-ia a femoral artery catheter. A femoral vein was 
catheterized for administration of a 0.9% NaCl infusion (4  ml/min) during 
preparation of the animals and throughout the experiments. Inulin was 
added t o  the infusion to estimate the glonierular filtration rate. 


'The left kidney was exposed via a retroperitoneal flank incision, and 
a Ilow probe was placrd around the renal artery and connected to a square 
wave electromagnetic llowmeter4 to  monitor renal hlood flow. Blood 
pressure and renal blood flow were recordeds continuously. Urine was 
collected at  timed intervals by a cannula placed in the left ureter. Arterial 
hlood samples were obtained from the femoral artery catheter. After 
stahilization o f  the preparation, control urine collections (10-min periods) 
and blood samples at the midpoint o f  alternate urine collection periods 
were ohtained. 0xyphenl)utazone was administered intravenously over 
3 min, and urine collections were continued for several periods. 


I Tanderil. Ciha-Geipy Cor 
2 Hutamlidin. Ciha-Geigy &';rp., Summit.  N.J. ' Model P2: iAA.  Statham, Hat11 Hey. Puerto Rico. 


.' I)yiigByr,iph Itype H). Reckrnan Instrumenis. Fullerton. Calil 


Summit.  N.J.  


( 'aridinn Medical Kiectrnnica, King. N.C. 


T a b l e  I-Effect of Oxyphenbutazone  ( 5  mg/kg iv)  o n  Renal  
F u n c t i o n  


Oxyphen- 
Control butazone 


Parameter Perioda Periodb Difference 


Blood ressure, mm Hg 115 128 t 13 f 5' 
Renal h o o d  flow, ml/min 262 220 -42 f 5' 
Urine volume, ml/min I 1  0.4 - 0 7 f 0 2 '  
(;lomerular filtration rate, :13 23 -10 f 4' 


Sodium excretion. uEo/min 1.16 77 -59 f 1.9c 
ml/min 


4 Values are from the clearance period preceding oxyphenhutaztme adrninw 
Value.- are from the clearance period 10-20 rnin after oxyphenbutazone 


Urinary and  plasma inulin levels were determined by a reported 
method ( 3 ) .  Urinary sodium concentrations were measured with a flame 
photometer6. Data were analyzed using the Student  paired t test ( 4 ) ;  a 
p < 0.05 was the significance criterion. 


i ration. 
admintatration. c Significant difference ( p  < O.OS), Student paired t test; n = i .  


R E S U L T S  A N D  DISCUSSION 


The  effect o f  oxyphenhutazone o n  renal blood flow and blood pressure 
is bhown in Fig. 1. Following oxyphenbutazone administration, 5 mg/kg 
iv, blood pressure increased slightly while renal blood flow decreased 
gradually. These effects, as well as  effects on other renal functions, are 
summarized in Table I .  At 'LO min aftcr oxyphenbutazone administration, 
blood pressure was increased while renal hlood fl(iw. the glomerular lil- 
tration rate, urinary volume, and sodium excretion were decreased. All 
changes were statistically significant. These changes also were present 
a t  60 min. 


Since similar changes were reported with phenvlhutazone ( 2 )  and since 
I)oth agents a re  similar structurally, it seem5 reasonable that  these two 
agents act  tiy the same mechanism. Both oxyphenhutazone and phe- 
nylbutazone have been reported to he inhibitors of prostaglandin syn- 


7OOr 


---- 


BLOOD 
PRESSURE 100 
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U 
' O X Y  PH EN EUTAZON E 1 min 


5 mg/kg iv 


F i g u r e  L-Effect of oxyphenbutazuno. 5 rn,q/kg i t ' .  on blood prcssurr 
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BOOKS 


REVIEWS 


Index Nominum 1978.9th Ed. The Swiss Pharmaceutical Society. 1977. 
xiv + 814 pp. 21 X 30 cm. Price $88.00. Available from Drug Intelligence 
Publications, 1241 Broadway, Hamilton, IL 62341. (Introduction in 
French, German, and English; text in French.) 
This edition of Index Nominum introduces a two-column format, al- 


lowing the incorporation of additional information while maintaining 
this reference asa single volume. As in the preceding edition, this volume 
uses a single alphabet to list International Nonproprietary Names (INN) 
and other generic names, trade names and manufacturers, chemical 
names and structures, pharmacopeial monographs on each drug, and 
main therapeutic uses. More than 3645 compounds and derivatives, in- 
cluding 270 new entries, are listed in this edition, along with more than 
24,000 references. Several listings of derivatives were transferred to the 
entry of the parent substance, and numerous entries concerning obsolete 
o r  poorly defined substances were deleted. 


Features retained from previous editions include the listing of mono- 
graph titles from internationally important pharmacopeias under 
“Monographie,” the distinction of new listings by a point preceding the 
name or synonym, and the English translation of expressions used in the 
designations (which remain in French). The convenience of consulting 
only one cross-reference to find the main entry is continued in this edi- 
tion. Cross-references to the main entry now include a dash instead of 
“voir.” Several new signs and abbreviations were added. 


Staff Reoiew 


Pharmacy in Eealth Care and  Insti tutional Systems. Edited by 
PEDRO J. LECCA and C. PATRICK THARP. C. V. Mosby, 11830 
Westline Industrial Drive, St. Louis, MO 63141.1978.275 pp. 18 X 25 
cm. Price $13.95 
The purposes of this book are “to identify and examine the more im- 


portant concerns being raised by the interaction between pharmacy 
practice and the health establishment, to provide an interdisciplinary 
base of understanding of health care and institutional systems, to an- 
ticipate the difficulties that  lie ahead and to indicate the probable di- 
rection of future developments.” These are broad and grandiose objec- 
tives for a book of readings, and the reader closes this book with the 
feeling that  none of them has been achieved. 


For example, there is no reference to or mention of physicians, nurses, 
dentists, podiatrista, or any other health professional. It is difficult to 
understand how the authors can “provide an interdisciplinary base of 
understanding of health care and institutional systems” when the roles 
and attitudes of other health professionals are not discussed. Moreover, 
there is little discussion of “future developments.” In fact, the last section 
is titled, “Current Trends.” 


The book has four basic sections: Part One, “Considerations in Health 
Care and Institutional Systems”; Part Two, “The Health Care System”; 
Part Three, “Health Care Institutions”; and Part Four, “Current 
Trends.” Each section is composed of three chapters; all chapters present 
extensive bibliographies for the interested reader. Dr. Lecca is the author 
of Chapter 1, “The Introduction,” and Chapter 5, “Pharmacy in Com- 
munity Health Planning.” Dr. Tharp is the author of Chapter 9, “Phar- 
macy in Group Practice and Pharmacy Foundations.” 


The brief biographical sketches on the title page do not adequately 
indicate the extent of the authors’ experience with health care and in- 
stitutional systems. Dr. Lecca is presently the Assistant Commissioner 
of Interagency Affairs, New York City Department of Mental Health & 
Mental Retardation. Dr. Tharp is the Director of Technical Services, 
Applied Technology Division of K. V. Pharmaceutical Co. A description 
of the authors’ backgrounds in health care services is necessary for readers 
unacquainted with their work. 


There are a number of basic flaws in the book. One is an overall lack 
of editorial supervision; pharmacy manpower is adequately addressed 
in Chapter 3, yet Chapters 2 and 4 contain information on this topic. The 
same problem occurs for skilled nursing facilities. They are discussed 
thoroughly in Chapter 7, yet Chapter 8 also discusses this area. Another 
problem is that information in many chapters is now outdated, such as 


the extensive undiscussed tables on national health insurance proposals 
for 1974 in Chapter 2 and Pharmacy Foundations in Chapter 9. Fur- 
thermore, the connection between the content in Chapters 10 and 11 and 
institutional systems is unclear. The sequencing of chapters is also in- 
appropriate: Chapter 4, “The Health Care System-An Overview,” 
should be Chapter 1. Some chapters cover their intended objective in 
depth, others are incomplete; for example, Chapter 8 fails to discuss 
long-term care facilities, and Chapter 5 does not present a discussion on 
Area Health Educational Centers. 


A few chapters stand on their own for providing good information and 
data on their respective subjects such as Chapter 2, “Cost Control”; 
Chapter 3, “Institutional Pharmacy Manpower”; Chapter 4, “An Over- 
view of the Health Care System”; Chapter 7, “Institutional Service in 
Hospitals”; Chapter 10, “The Impact of Sociological Research; and 
Chapter 11, “Planning Development and Evaluation of Continuing Ed- 
ucation.” Other chapters are incomplete such as Chapter 6, “Clinical 
Pharmacy in the Health Care System”; Chapter 8, “Nursing Home 
Pharmacy Services”; and Chapter 9, “Pharmacy in Group Practice and 
Pharmacy Foundations.” 


Because much of the information in this book is already outdated, it 
has little value other than as a historical reference. For someone interested 
in reviewing early national health insurance legislation and community 
health planning prior to 1977, Chapters 2 and 5 might be of interest. The 
value of this book to the experienced teacher and researcher in the social 
and administrative sciences is only temporary and may have passed. For 
anyone who scans Current Contents for social and behavioral sciences 
and International Pharmacy Abstracts and maintains a respectable 
reprint file, this book is not worth ita price. I t  may have limited value as 
a reference source in an undergraduate pharmacy course on pharmacy 
and health care. 


Reoiewed by Jean Paul Cagnon 
School of Pharmacy 
University of North Carolina 
Chapel Hill, NC 27514 


Annual Reports  i n  Medicinal Chemistry, Vol. 13. Edited by F. H. 
CLARKE. Academic Press, New York, N.Y. 1978.337 pp. 
Volume 13 of “Annual Reports in Medicinal Chemistry” continues the 


series tradition of updating various major research areas in medicinal 
chemistry. Also, several brief chapters highlight research trends in new 
areas of interest or in areas with which most medicinal chemists are less 
familiar. 


Like previous volumes in this series, Volume 13 is divided into six 
sections: Central Nervous System Agents, Pharmacodynamic Agents, 
Chemotherapeutic Agents, Metabolic Diseases and Endocrine Function, 
Topics in Biology, and Topics in Chemistry. Each section is subdivided 
into five or six chapters of approximately 10 pages each. The section on 
Central Nervous System Agents contains the standard chapters on an- 
tidepressants, antipsychotic agents, narcotic analgesics, and antianxiety 
agents, the latter chapter being further subdivided into benzodiazepines 
and nonbenzodiazepines. In addition, these and other chapters deal with 
the most recent work on dopamine agonists, agents affecting CABA, and 
opiate receptors, reflecting current research interests in these important 
areas. 


Pharmacodynamic Agents covers topics including antiallergy drugs, 
diuretics, and antihypertensive agents. Unlike recent volumes which have 
covered specific cardiovascular areas in detail, Volume 13 contains a 
chapter entitled Agents for the Treatment of Heart Failure. This chapter 
outlines advances in areas such as the cardiac glycosides, vasodilators, 
P-adrenoreceptor stimulants, phosphodiesterase inhibitors, and cardiac 
stimulant peptides. Included also in this section is an interesting chapter 
on a rarely reviewed topic: Inhibitors of the Renin-Angiotensin 
System. 


The section on Chemotherapeutic Agents contains a wealth of the most 
recent research findings on antibiotic, antifungal, antineoplastic, anti- 
parasitic, and antiviral agents. In addition, there is an impressive review 
of the structure-activity relationships of “non-classical” p-lactam anti- 
biotics, i.e., p-lactam antibiotics in which the bicyclic nucleus has been 
altered. Metabolic Diseases and Endocrine Function covers chronic 
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Abstract  D An in uit ro method employing an iodide-specific electrode 
!'or monitoring lactoperoxidase-catalyzed iodination is described. The 
method utilized lactoperoxidase, potassium iodide, and a glucose-glucose 
oxidase system for the generation of hydrogen peroxide and I-tyrosine. 
As iodination of 1-tyrosine proceeded, the free iodide concentration in 
solution decreased and was monitored by an iodide-specific electrode. 
The iodide electrode was reliable when compared to a 13'I-method for 
measuring free iodide changes in solution. Increasing concentrations of 
resorcinol, a well-known inhibitor of thyroid peroxidase-catalyzed io- 
dination, in the reaction mixture resulted in graded inhibition of the 
initial rate of lactoperoxidase-catalyzed I-tyrosine iodination. This in 
uifro system can be used to assess inhibitory activity of various anti- 
thyroid substances. 


Keyphrases I-Tyrosine-iodination, lactoperoxidase catalysis, ki- 
netics, in uitro, iodide-specific electrode 0 Lactoperoxidase-1-tyrosine 
iodination, catalysis, kinetics, in uitro Resorcinol-inhibitory activity, 
kinetics, iodide-specific electrode 0 Iodination-I-tyrosine, lactoper- 
c~xidase catalysis, kinetics, in ui t ro ,  iodide-specific electrode 


Several recent investigations were conducted to study 
the kinetics of thyroid peroxidase-catalyzed iodination, 
the reaction responsible for thyroid hormone synthesis 
(1-4). Since thyroid peroxidase is not unique in its ability 
to catalyze iodination and thyroxine formation, in uitro 
iodination studies have employed a wide variety of per- 
oxidases (5-10). 


Numerous procedures have been utilized to study per- 
oxidase-catalyzed iodination in  uitro (7, 9, 11-15). The 
most widely used procedure involves isolation of the io- 
dinated organic compounds and determination of the io- 
dide incorporated into these products. Spectrophotometry 
is also used to monitor iodination uia the changing spectral 
properties of the iodinated products (12,13). A potentio- 


metric procedure employing various substrates also has 
been used to follow the kinetics of iodination catalyzed by 
peroxidase (7,9,15). 


The objective of the present study was to determine the 
optimal conditions for the use of an iodide-specific elec- 
trode for monitoring lactoperoxidase-catalyzed iodination 
of l-tyrosine. It was determined that lactoperoxidase is an 
acceptable peroxidase for investigating iodination kinetics 
(6,lO). Since several of the well-known antithyroid agents 
used clinically are general peroxidase inhibitors (6,16-1% 
the present study also was intended to determine whether 
the iodide electrode could be used to study the inhibition 
kinetics of the antithyroid compound resorcinol. 


EXPERIMENTAL 


Procedure-An iodide-specific electrode', a pH expanded-scale 
millivolt meter2, and a strip-chart recorder3 were used to measure the 
free iodide concentration. As the peroxidase enzyme catalyzed the io- 
dination of an appropriate iodide acceptor a t  a known initial iodide 
concentration, the iodide concentration decreased. The reduction in io- 
dide concentration resulted in a potential change, which was related to 
the iodide-ion activity by the Nernst equation (19). To obtain the actual 
iodide concentration decrease per unit time (iodination rate), each mil- 
livolt change was converted to the corresponding iodide concentration 
by calibrating the iodide electrode in the concentration range of interest 
(1 X 10-5-10 X lou5 M), using appropriate dilutions of a 0.1 M sodium 
iodide standard solution4. 


Lactopero~idase~ was quantified by activity units; 1 unit of lactoper- 


Model 94-53A, Orion Research Inc., Cambridge, Mass. 
2 Model 12 research meter, Corning Scientific Instruments, Medfield, Mass. 
3 Beckman Instruments, Fullerton, Calif. 
4 Model 94-53-06, Orion Research Inc., Cambridge, Mass. 
*Lot 430020 B grade, Calbiochem Chemlcal Works, Loa Angeles, Calif. 
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Figure I-Effect of wrying the lactoperoxidase (LPO) concentration 
on the change in the initial iodide concentration with time. 


oxidase formed 1 mg of purpurogallin from pyrogallol in 20 sec a t  pH 6.0 
and 20° (20). Hydrogen peroxide was generated in the reaction mixture 
by a glucose6-glucose oxidase' system in the presence of molecular oxygen 
and water. /-Tyrosines was the iodide acceptor, while potassium iodideg 
served as the iodide donor. 


A mixture of l-tyrosine, potassium iodide, and glucose was prepared 
(0.81:1), and 2.8 ml of this mixture (plus inhibitor, if any) was combined 
in a 50-ml reaction vessel with enough 0.06 M phosphate-edetic acid 
buffer, pH 6.0, to result in a final volume of 20 ml. The reaction vessel was 
transferred to a constant-temperature bath (37O), and the iodide elec- 
trode and single-junction reference electrode'O were positioned in the 
reaction mixture. The reaction mixture was allowed to equilibrate for 6 
min with constant stirring, and then the initial iodide concentration was 
measured. The strip-chart recorder was positioned at zero, and the chart 
speed was set at 2.54 cm/min. Glucose oxidase was added to the reaction 
mixture, and lactoperoxidase was added exactly 45 sec later. Iodination 
was allowed to proceed for 2 min. 


The initial iodide concentration was calculated from the initial millivolt 
reading by the Nernst equation. The change in free iodide concentration, 
AlI,], was calculated for each 15-sec interval up to 120 sec by calculating 
the iodide concentration for each cumulative time interval, [It], and 
subtracting [ I t ]  from [Ii]. The change in iodide concentration per unit 
time was linear over the first 120 sec. The initial iodination rate of 1 -  
tyrosine, A(I]/sec, was determined by linear regression analysis, taking 
15 sec as zero time (21). 


Optimal Conditions-The effect of varying the lactoperoxidase 
amount on the iodination rate was investigated by conducting the assay 
with lactoperoxidase amounts ranging from 0.02 to 0.44 activity unit/ 
reaction mixture. Ten determinations were made for each lactoperoxidase 
concentration. 


The final I-tyrosine concentration (1 X lo-' M ,  pH 10 stock solution) 
and the optimal pH for tyrosine iodination under these conditions were 
determined in the second group of studies. The reaction was conducted 
a t  pH 5.0,6.0,7.0, and 7.4. Four 1-tyrosine concentrations, ranging from 
2.5 X M, were used in the assay, with all other com- 
ponents remaining constant. The assay was conducted for all four l-ty- 


to 1.0 X 


6 Dextrose, Mallinckrodt, St. Louie., Ma. 


8 Lot 64619 A grade, Calbjochem Chemical Works, Los Angeles, Calif. 
9 Fisher Scientific Co., Fair Lawn, N.J. 


lo Model 90-01, Orion Research Inc., Cambridge, Mass. 


Lot 501359 A grade, Calbiochem Chemical Works, Los Angeles, Calif. 


rosine concentrations at each pH. Six determinations of the iodination 
rate were made for each 1-tyrosine concentration at each pH. 


The effect of varying the initial iodide concentration was of interest 
in the third set of studies. The assay was conducted using initial iodide 
concentrations ranging from 1 X M in the reaction 
mixture; six determinations were made for each initial iodide concen- 
tration used. 


The fourth study investigated the effect of ionic strength on the io- 
dination rate. Varying amounts of 2 M NaCl, 2.5 X 10-3-2.0 X lo-' M 
(giving rise to total ionic strengths of 0.097-0.297 M), were used to adjust 
the ionic strength of the reaction mixture. 


Iodide Electkode Reliability-Iodine 131,200 pl, was diluted with 
5.0 X M potassium iodide (1:282)". At 30-sec intervals after,initi- 
ation of the iodination reaction, 1-ml aliquots were removed and protein 
was precipitated with trichloroacetic acid. Millivolt readings were taken 
at the same time. The trichloroacetic acid-treated samples were applied 
to cation-exchange'* columns (9 X 50 mm) and washed with deionized, 
distilled water. Both the eluates and the resin (bound IR'I-l-tyrosine) were 
counted in a counter with 4-7r geometry (along with '311-standards). The 
percent of free iodide was calculated from both the '"'I-samples and the 
millivolt readings obtained from the iodide electrode. 


Response of Iodination Reaction to  Resorcinol-With a stock 
concentration of 2 X M re~orcinol '~,  the effect of increasing resor- 
cinol concentrations, ranging from 0 to 17.0 X M, on the initial io- 
dination rate was determined. Six determinations of the initial iodination 
rate for each resorcinol concentration were conducted. 


to 1 X 


RESULTS 


Procedure-Calibration of the iodide-specific electrode with standard 
iodide solutions demonstrated that the iodide electrode response was 


I 1 I I 
0.1 0.2 0.3 0.4 


X T O P E R O X  IDASE, unit/reaction mixture 


F igu re  %-Effect of wrying the lactoperoxidase concentration on the 
initial iodination rate of I-tyrosine. 


11 Na1311 (10 pCi/ml), New England Nuclear, Boston, Mass. 
12 Dower 50x40, Dow Chemical Co., Midland, Mich. 
13 Sigma Chemical Co., St. Louis, Ma. 
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Table I-Effect of Varying Tyrosine Concentrations on the 
Iodination Rate at Different pH Values 


Tyrosine Concentration, M 
P~ 2.5 x 10-4 4.0 x 10-4 5.0 x 10-4 1.0 x 10-3 


5.0 17.35 f 0.07c 17.41 f 0.10 16.96 f 0.10 16.68 f 0.03 
6.0 16.00 f 0.04 16.14 f 0.09 15.51 f 0.02 15.05 f 0.11 
7.0 12.23 f 0.02 11.53 f 0.13 11.30 f 0.09 10.28 f 0.08 
7.4 9.05 i 0.03 8.60 f 0.04 8.08 f 0.04 7.12 f 0.05 


Rate is expressed as A[I] X 10-7 Mlsecllnctoperoxidase unit. 6 Iodide con- 
centration was 5 X M. f Rate i 1 SEM; n = 6. 


linear with iodide concentration changes in the range defined by the 
equation, millivolts = 3.846 + 0.624 1 4  [I-] ( r  = 1.00). Thus, the iodide 
concentration could be determined for each millivolt change that occurred 
for any time, t ,  during the iodination of I-tyrosine. 


Optimal Conditions-The result of varying the amount of lactoper- 
oxidase from 0.021 to 0.238 activity unit in the reaction mixture on the 
iodide concentration change with time was such that as the amount of 
lactoperoxidase increased, the iodide concentration change increased. 
The iodide concentration change with time for each lactoperoxidase 
concentration was linear over the first 120 sec (Fig. 1). Increasing the 
Iactoperoxidase from 0.021 to 0.156 unit in the reaction mixture resulted 
in a greater iodine concentration change with time than when lactoper- 
oxidase was increased from 0.156 to 0.238 unit. Increasing the lactoper- 
oxidase from 0.021 to 0.160 unit resulted in a greater change in the io- 
dination rate relative to the change associated with increasing the lac- 
toperoxidase from 0.160 to 0.440 unit (Fig. 2). 


to 
1.0 X M resulted in an iodination rate decrease (Table I). This de- 
crease also occurred at  pH 5.0, 7.0, and 7.4. When the 1-tyrosine con- 
centration was 2.5 X M, the iodination rate was either greater than, 
or not significantly different from, the rate observed at 4.0 X M at  
all pH values tested. The iodination rate decreased as the pH increased 
at each 1-tyrosine concentration. 


Table I1 shows the effect of varying the iodide concentration on the 
I-tyrosine iodination rate a t  pH 6.0. From these data, it appeared that 
as the iodide concentration increased, the initial iodination rate of 1- 
tyrosine increased as well. 


The initial iodination rate was not affected appreciably by increasing 
the ionic strength from 0.097 to 0.197 M (Table 111). When the ionic 
strength was increased to 0.297 M, however, the iodination rate decreased 
markedly. 


At  pH 6.0, increasing the I-tyrosine concentration from 4.0 X 


Table 1V-Comparison of the Iodide Electrode and the l3II- 
Methods for  Measuring Free Iodide Changes 


Free Iodide, % 
Iodide 


Seconds I- x 10-5 M Electrode 13'I-Method 
~ ~ ~ _ _ _ _ _  ____ ~ 


30 2.99 56.4 58.3 
60 1.63 30.8 32.8 
90 0.950 17.9 16.9 


120 0.785 14.8 8.9 


Table 11-Effect of Varying Iodide Concentrations on the Iodination Rate 


Iodide Electrode Reliability-A comparison of the iodide electrode 
with the 1311-method for detecting changes in the iodide concentration 
as l-tyrosine iodination proceeded can be seen in Table IV. The sensitivity 
of the iodide electrode was comparable to that of the l3lI-rnethod but was 
lower at  a low iodide concentration (0.785 X 


Response of Iodination Reaction to  Resorcinol-The iodide con- 
centration change with time practically was linear over the first 120 sec 
for control (no inhibitor present) and in the presence of increasing res- 
orcinol concentrations (Fig. 3). Therefore, the initial reaction rate could 
be calculated by applying linear regression analysis over the first 120 sec. 
By calculating the initial iodination rate in the presence of each resorcinol 
concentration, a log dose-inhibition curve was constructed (Fig. 4), in 
which the dose represented the resorcinol concentration and the response 
was the percent of the control rate (the initial iodination rate in the 
presence of resorcinol divided by the initial iodination rate in the absence 
of resorcinol). 


M). 


DISCUSSION 


The initial iodination rate of 1-tyrosine changed in a biphasic manner 
with increasing lactoperoxidase concentrations (Fig. 2). The rate was 
dependent on the amount of lactoperoxidase present up to 0.16 activity 
unit. Between 0.16 and 0.44 unit, there was a slope change so that smaller 
increments in the rate occurred with large changes in lactoperoxidase 
concentration. Between 0.16 and 0.44 unit of lactoperoxidase, the gen- 
eration of hydrogen peroxide and/or one substrate possibly became rate 
limiting as well. Use of 0.02-0.16 unit resulted in rates dependent on the 
lactoperoxidase amount present in the reaction mixture. Thus, all rates 
calculated in these studies were expressed in terms of the total number 
of lactoperoxidase units present so that the rate per lactoperoxidase unit 
was used for comparison, standardizing the rates obtained for all ex- 
periments. 


Experiment 
Iodide Concentration, M 


10-5 3.0 x 10-5 5.0 x 10-5 7.5 x 10-5 10-4 1 o+ 
1 
2 
3 
4 
5 
6 
"', 


S X  
S,e 


6.24 
6.23 
6.28 
6.27 
6.27 
6.25 
6.26 
0.02 
0.01 


14.10 
14.10 
14.09 
14.11 
14.22 
13.85 
14.08 
0.12 
0.05 


16.25 
16.43 
16.12 
16.12 
16.20 
16.12 
16.20 
0.12 
0.05 


17.24 
18.29 
17.56 
17.72 
17.60 


17.78 
0.42 
0.17 


18.28 


19.13 53.88 
19.11 45.39 
18.90 57.17 
19.10 47.77 
18.95 59.75 
18.88 52.88 
19.01 52.79 
0.12 5.47 
0.05 2.23 


Tyrosine concentration was 4 X lo-' M. * Rate is expressed as A[I] X Mlsecllactoperoxidase unit. Mean. One standard deviation. One standard error of 
the mean. 


Table 111-Effect of Ionic Strength on the Iodination a Rate 


Total Ionic Strength, M 
Exoeriment 0.097 0.100 0.107 0.147 0.197 0.297 


16.17 
16.02 
16.10 
16.29 
16.15 
16.21 
16.16 
0.09 
0.04 


16.19 
16.53 
15.81 
15.98 
16.21 
16.00 
16.12 
0.25 
0.10 


16.15 
16.94 
16.28 
16.70 
16.28 
16.17 
16.42 
0.33 
0.13 


16.29 
16.94 
15.97 
16.31 
16.01 
16.45 
16.33 
0.35 
0.14 


16.10 
15.94 
15.88 
16.07 
15.83 
15.91 
15.96 
0.11 
0.05 


14.15 
14.65 


14.30 
14.99 
14.15 
14.44 
0.33 
0.13 


14.38 


~ ~~ 


Tyrosine concentration was 4 X lo-' M. and iodide concentration was 5 X M. b Rate is expressed as All] X Mlsecllactoperoxidase unit. Mean. One 
standard deviation. One standard error of the mean. 
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SECONDS 


Figure 3-Effect of increasing resorcinol concentration on the iodide 
concentration change with time. 


Although the iodination rates observed a t  pH 5.0, when the I-tyrosine 
concentration of the reaction mixture was varied, were greater than those 
observed a t  pH 6.0, the latter pH was chosen for this system since it was 
closer to physiological pH (Table I). A large reduction in the iodination 
rate was noted with all l-tyrosine concentrations at pH 27.0. The io- 
dination rates obtained with 1-tyrosine concentrations of 2.5 X and 
4.0 X lov4 M a t  pH 6.0 were very similar; but as the I-tyrosine concen- 
tration was increased above 4.0 X M, the rate decreased. This de- 
crease was expected since adding enough of the alkaline stock I-tyrosine 
solution to the reaction mixture to produce 5.0 X and 1.0 X M 
resulted in a pH change of 0.2 and 0.5 unit, respectively. From these data, 
it was concluded that, a t  pH 6.0, an 1-tyrosine concentration of 4.0 X 
M should be used in subsequent studies since a satisfactory rate was 
achieved with only a minute pH change (0.05 unit). 


When the iodide concentration was increased, the I-tyrosine iodination 
rate increased (Table 11). A disproportionate rate increase was observed 
a t  very high iodide concentrations, and it was concluded that  molecular 
iodine formation was occurring as well. This hypothesis was supported 
by previous observations that molecular iodine formation was favored 
a t  very high iodide concentrations (6, 22, 23). The iodide electrode, 
however, would not be able to distinguish between the two reactions since 
it was sensitive only to the total free iodide change. When the iodide 
copcentration was increased from 3.0 X M, the iodin- 
ation rate increased. Any one of these concentrations appeared to be 
suitable for the assay. Therefore, the concentration used was 5.0 X 
M. 


The effect of the total ionic strength of the reaction mixture on the 
iodination system was investigated since ion activity is a function of ionic 
strength (19). Little change in the initial rate was demonstrated when 
the ionic strength was increased to 0.197 M (Table 111). The ionic strength 
of the reaction mixture used for iodide electrode calibration was 0.097 
M. The greatest contributor to this ionic strength was the phosphate 
buffer. Table V summarizes the reagents and their final concentrations 


to 1.0 X 


Table V-Assay for Lactoperoxidase-Catalyzed Tyrosine 
Iodination at pH 6.0,37" 


~ 


Stock Reaction Mixture (20 ml) 
Reanent Concentration Volume. ml Concentration 


1 -Tyrosine 
Potassium 


iodide 
Glucose 
Glucose 


oxidase 
Lactoperoxi- 


dase 
pH 6.0 buffer 


M, pH 10 0.8 4 x 10-4 M 
10-3 M 1.0 5 x 10-5 M 
20 mg/ml 1 .o 1 mg/ml 
0.20 mg/ml(170 0.3 10 units total 


0.20 mg/ml 0.05" 0.10-0.16 unit 


0.06 M phosphate, T o  20 No change 


units/mg) 


total 


M edetic 
acid 


~~ ~~ 


Of a 1:4 dilution of stock. 


W 


LT 
-I 
0 
LT 
I- z 


t 


8 


2 


U 
0 
I- 


0 
U 
w 
n. 


0 
1 .O 10 20 


RESORCINOL CONCENTRATION, X 1O-'M 


Figure 4-Effect of graded resorcinol doses on the I-tyrosine iodination 
(n = 6; bars represent ASEM). 


to be used in subsequent studies in the in uitro model of thyroid peroxi- 
dase-catalyzed iodination. 


The reliability of the iodide electrode for monitoring the free iodide 
concentration change as I-tyrosine iodination proceeded was comparable 
to that of a 1311-method for monitoring iodination (Table IV). The iodide 
electrode accurately measured the free iodide change in the reaction, 
except that  its reliability dropped slightly compared to the l3II-method 
after a significant amount of 1-tyrosine iodination had taken place. Since 
only the first 120 sec was of concern in these studies, this drop was not 
codsidered to be a serious problem. 


The lactoperoxidase-catalyzed iodination of 1-tyrosine a t  pH 6.0 ap- 
peared to be a good model for assessment of the inhibitory activity of 
resorcinol, a well-known inhibitor of thyroid peroxidase-catalyzed io- 
dination in oioo and in oitro (6). Over a resorcinol concentration range 
of 0.8 X 10-"-17.0 X lo-" M, a sigmoidal log dose-inhibition curve was 
obtained (Fig. 4). The results were similar to those reported for a method 
for monitoring iodination without an iodide-specific electrode (6), in 
which the resorcinol concentration corresponding to 50% inhibition of 
the thyroid peroxidase-catalyzed iodination of bovine serum albumin 
was 7.10 X lo-" M. In this study, the resorcinol concentration that pro- 
duced 50% inhibition of lactoperoxidase-catalyzed iodination of 1-tyrosine 
was 7.64 X lo-" M. 


It was concluded from these data that the iodide-specific electrode 
could be used to monitor the lactoperoxidase-catalyzed iodination of 
I-tyrosine. In addition, this potentiometric method is ideal for studying 
the kinetics of inhibition of lactoperoxidase-catalyzed iodination by 
known or suspected inhibitors of the thyroid peroxidase enzyme. 
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Abstract 0 The release rates of several steroids from films and capsules 
of homopolymers and copolymers of c-caprolactone, DL-lactic acid, and 
glycolic acid were measured in oitro and in oioo for up to  200 days. Rel- 
atively constant release rates from capsules (reservoir devices) were ob- 
served only under certain conditions. Factors that influence the drug 
release kinetics were evaluated. Release from poly(c-caprolactone) and 
poly (t -caprolactone-co-DL-lactic acid) was diffusion controlled. Release 
from poly(DL-lactic acid-co-glycolic acid) was associated with polymer 
degradation. Release from poly(DL-lactic acid) was very slow when dif- 
fusion controlled. 


Keyphrases 0 Polyesters, biodegradable-poly(c-caprotactone), 
poly(DL-lactic acid), copolymers, steroid release, films, capsules 0 Drug 
delivery systems-kinetics, biodegradation, diffusion, films, capsules 
o Poly(c-capro1actone)-homopolymers, copolymers, release rates, films, 
capsules 0 Sustained-release systems-biodegradable polyesters, 
poly(c-caprolactone), films, capsules 


Polymer systems for sustained subdermal drug delivery 
may be based on principles of drug diffusion and/or poly- 
mer degradation. The diffusion coefficients of steroids in 
poly(c-caprolactone) and poly (6-caprolactone-co-DL-lac- 
tic acid) are comparable to values reported for poly(di- 
methylsiloxane) and, a priori, these polymers may be used 
in diffusion-controlled delivery systems that biodegrade 
after drug exhaustion (1,2). In contrast, diffusion in poly- 
(DL-lactic acid) is much slower (2); consequently, diffusion, 
leaching, and biodegradation may contribute to the drug 
delivery rates reported in studies of this polymer (3-5). 


This paper describes the release rates of several steroids 
from films and capsules of homopolymers and copolymers 
of t-caprolactone, DL-lactic acid, and glycolic acid in uitro 
and in uiuo and factors that determine the observed ki- 
netics. 


EXPERIMENTAL 


Synthesis-Poly(c-caprolactone), poly(DL-lactic acid), their copoly- 
mers, and poly(DL-lactic acid-co-glycolic acid) were prepared by bulk 
polymerization of the purified monomers at  130’ in uacuo in the presence 


of stannous octoate (50-500 ppm). The polymers were purified by pre- 
cipitation from methylene chloride with methanol, followed by rapid and 
thorough washing with water in a blender’. Copolymer composition was 
determined by NMR spectroscopy. 


Films were prepared by casting a common solution of the steroid and 
polymer in methylene chloride onto a glass plate and spreading with an 
adjustable applicator2. When a thickness greater than 100 pm was re- 
quired, thinner films were stacked and compression molded a t  100-130’ 
to  ensure even drug distribution. Sandwiched films, i.e., a drug-polymer 
layer completely encased by drug-free polymer, were prepared by casting 
a polymer-drug solution on a drug-free polymer film. The resulting 
double-cast film was cut to leave smaller squares, over which a drug-free 
film was cast. The triple film then was cut between the squares. 


Polymer tubing was prepared by melt extrusion or, when limited ma- 
terial was available, by rolling polymer film around a short polytef tube 
and annealing in U ~ C U O  while mechanically rotating the tube about its 
axis. Capsules were prepared by heat sealing the tubing with warm pliers. 
Steroids were micronized3 (<5 pm) and dispersed in a vehicle using a 
tissue grinder (10 min) prior to  capsule filling. 


Release Rate Measurement-Films or capsules were immersed to- 
tally in distilled water (80-400 ml) at  37O. Mixing was accomplished using 
a rotating shake# maintained at 135 rpm. Increasing the shaker speed 
to 195 rpm did not change the release rate. The aqueous reservoir was 
changed daily (capsules) or more frequently (films); where release rates 
were very fast, a flow system was used to keep the aqueous drug con- 
centration low. In most cases, the frequency of solution change was such 
that the drug concentration did not exceed 10% of its aqueous solubility 
and typically was <1%. Drugs were either tritium or carbon 14 labeled, 
and release rates were determined by radioassay. 
In uioo release rates were determined by radioassay of the feces andlor 


urine after subdermal implantation of the films or capsules in female New 
Zealand White rabbits or Chatles River rats uia incisions about the dorsal 
midline. 


THEORETICAL 


The diffusion-controlled release of a drug from a monolithic film or 
slab of unit area into an infinite aqueous sink may be described by Eqs. 
1 and 2. Equation 1 applies when the drug is dissolved completely in the 
polymer (6); Eq. 2 applies when the drug solubility is exceeded and the 


Waring. 


Wig-L-Bug, Crescent Dental Manufacturing. 
Eberbach. 


2 Boston-Bradley. 
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A b s t r a c t  0 Oxyphenbutazone decreased the renal excretion ofsodium 
and water in anesthetized dogs. As these excretions decreased, the drug 
also produced a decrease in renal blood flow and in the  glomerular f i l -  
tration rate. Blood pressure increased slightly. These changes are con- 
sistent with an inhibition of renal prostaglandin synthesis and could 
explain why oxyphenbutazone is reported to produce weight gain and 
edema when used clinically. 


Keyphrases  0 Oxyphenbutazone-effect on renal sodium and water 
excretion. renal blood flow, glomerular filtration rate, blood pressure, 
prostaglandin synthesis Anti-inflammatory agents+xyphenbutazone, 
renal ellects 0 Kidney-effect of oxyphenbutazone 


Oxyphenbutazone' is an analog of phenylbutazone* and, 
like the latter compound, is employed as an anti-inflam- 
matory agent. Both agents produce edema and weight gain 
as side effects (1).  A possible renal mechanism has been 
suggested for phenylbutazone since this agent markedly 
reduced renal blood flow and decreased the glomerular 
filtration rate at  the time that urinary volume and sodium 
excretion were reduced (2). In this study, the effect of ox- 
yphenbutazone on several renal functions was deter- 
mined. 


E X P E H I M E N T A L  


Mongrel dogs of either sex, 13-16 kg. were anesthetized with pento- 
harbital sodium (30 mg/kg iv), and the trachea was  intubated to maintain 
an open airway. Mean arterial blood pressure was monitored with a 
pressure transducer? c-ia a femoral artery catheter. A femoral vein was 
catheterized for administration of a 0.9% NaCl infusion (4  ml/min) during 
preparation of the animals and throughout the experiments. Inulin was 
added t o  the infusion to estimate the glonierular filtration rate. 


'The left kidney was exposed via a retroperitoneal flank incision, and 
a Ilow probe was placrd around the renal artery and connected to a square 
wave electromagnetic llowmeter4 to  monitor renal hlood flow. Blood 
pressure and renal blood flow were recordeds continuously. Urine was 
collected at  timed intervals by a cannula placed in the left ureter. Arterial 
hlood samples were obtained from the femoral artery catheter. After 
stahilization o f  the preparation, control urine collections (10-min periods) 
and blood samples at the midpoint o f  alternate urine collection periods 
were ohtained. 0xyphenl)utazone was administered intravenously over 
3 min, and urine collections were continued for several periods. 


I Tanderil. Ciha-Geipy Cor 
2 Hutamlidin. Ciha-Geigy &';rp., Summit.  N.J. ' Model P2: iAA.  Statham, Hat11 Hey. Puerto Rico. 


.' I)yiigByr,iph Itype H). Reckrnan Instrumenis. Fullerton. Calil 


Summit.  N.J.  


( 'aridinn Medical Kiectrnnica, King. N.C. 


T a b l e  I-Effect of Oxyphenbutazone  ( 5  mg/kg iv)  o n  Renal  
F u n c t i o n  


Oxyphen- 
Control butazone 


Parameter Perioda Periodb Difference 


Blood ressure, mm Hg 115 128 t 13 f 5' 
Renal h o o d  flow, ml/min 262 220 -42 f 5' 
Urine volume, ml/min I 1  0.4 - 0 7 f 0 2 '  
(;lomerular filtration rate, :13 23 -10 f 4' 


Sodium excretion. uEo/min 1.16 77 -59 f 1.9c 
ml/min 


4 Values are from the clearance period preceding oxyphenhutaztme adrninw 
Value.- are from the clearance period 10-20 rnin after oxyphenbutazone 


Urinary and  plasma inulin levels were determined by a reported 
method ( 3 ) .  Urinary sodium concentrations were measured with a flame 
photometer6. Data were analyzed using the Student  paired t test ( 4 ) ;  a 
p < 0.05 was the significance criterion. 


i ration. 
admintatration. c Significant difference ( p  < O.OS), Student paired t test; n = i .  


R E S U L T S  A N D  DISCUSSION 


The  effect o f  oxyphenhutazone o n  renal blood flow and blood pressure 
is bhown in Fig. 1. Following oxyphenbutazone administration, 5 mg/kg 
iv, blood pressure increased slightly while renal blood flow decreased 
gradually. These effects, as well as  effects on other renal functions, are 
summarized in Table I .  At 'LO min aftcr oxyphenbutazone administration, 
blood pressure was increased while renal hlood fl(iw. the glomerular lil- 
tration rate, urinary volume, and sodium excretion were decreased. All 
changes were statistically significant. These changes also were present 
a t  60 min. 


Since similar changes were reported with phenvlhutazone ( 2 )  and since 
I)oth agents a re  similar structurally, it seem5 reasonable that  these two 
agents act  tiy the same mechanism. Both oxyphenhutazone and phe- 
nylbutazone have been reported to he inhibitors of prostaglandin syn- 
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thesis (5). The latter compound also has been shown to decrease pros- 
taglandin E synthesis a t  the time that i t  decreases renal blood flow and 
the glomerular filtration rate (2). Since a prostaglandin synthesis re- 
duction can reduce renal blood flow by removing prostaglandin E, an 
endogenous vasodilator (6), the reduction in renal blood flow by oxy- 
phenbutazone could be due to such a mechanism. 


A reduction in sodium and water excretion can occur as a result of such 
a hernodynamic change. Early and Schrier (7) showed that a decrease in 
renal blood flow can alter the distribution of blood flow or physical factors 
to enhance sodium and water reabsorption. 


A decrease in the glomerular filtration rate would also be expected to 
reduce sodium and water excretion. Whether the decrease in the glo- 
merular filtration rate is a consequence of the inhibition of prostaglandin 
synthesis, as is the decrease in renal blood flow and the increase in blood 
pressure (8), or a separate action is not clear. Previous studies with 
prostaglandin synthesis inhibitors showed variable effects on the glo- 
merular filtration rate (2,8). 


Thus, these experiments demonstrate that oxyphenbutazone reduces 
renal blood flow and the glomerular filtration rate during the time that 
it decreases sodium and water excretion. A decrease in renal blood flow 
and the glomerular filtration rate could cause or contribute to the de- 
crease in water and sodium excretion produced by oxyphenbutazone. 


REFERENCES 


(1) “The Pharmacological Basis of Therapeutics,” 5th ed., L. S. 
Goodman and A. Gilman, Eds., Macmillan, New York, N.Y., 1975, pp. 
339-341. 


(2) H. E. Williamson, G. R. Gaffney, W. A. Bourland, D. B. Farley, and 
D. E. Van Orden, J .  Pharmacol. Exp. Ther., 204,130 (1978). 


(3) G. E. Schreiner, Proc. SOC. Exp. Biol. Med., 74,117 (1950). 
(4) G. W. Snedecor, “Statistical Methods,” 5th ed., Iowa State College 


Press, Ames, Iowa, 1956, pp. 35-65. 
( 5 )  D. S. Newcombe, N. M. Thanassi, and C. P. Crosek, Life Sci., 14, 


505 (1974). 
(6) A. J. Lonigro, H. D. Itskovitz, K. Crowshaw, and J. C. McGiff, Circ. 


Res., 32,712 (1973). 
(7) L. E. Early and R. W. Schrier, in “Handbook of Physiology, Renal 


Physiology,” J. Orloff and R. W. Berliner, Eds., American Physiological 
Society, Washington, D.C., 1973, pp. 721-762. 


(8) I,. P. Feigen, E. Klainer, B. M. Chapnick, and P. J. Kadowitz, J. 
Pharmacol. Exp. Ther., 198,457 (1976). 


ACKNOWLEDGMENTS 
Supported in part by an Iowa Heart Association grant. 


Effects of Pyridoxine Hydrochloride (Vitamin BG) on 
Chlorpromazine-Induced Serum Prolactin Rise in 
Male Rats 


JACK M. ROSENBERG *x, CESAR A. LAU-CAM, and HOWARD McGUIREt 
Received December 14, 1978, from the Department of Pharmaceutical Sciences, St. JohnS  University College of Pharmacy and Allied Health 
Professions, Jamaica, NY 11439. 
Pharmacy and Health Sciences, Brooklyn, NY 11201. 


Accepted for publication March 7 ,  1979. *Present address: Arnold and Marie Schwartz College of 
*Present address: Long Island University a t  the Brooklyn Center, Brooklyn, NY 11201. 


Abstract  T o  investigate if vitamin B,j inhibits prolactin release and 
to compare this effect to that of bromocriptine, a known suppressor of 
prolactin release, a study was conducted in male rats. Animals were 
pretreated with pyridoxine hydrochloride, pyridoxal hydrochloride, sa- 
line, or bromocriptine 30 min prior to receiving varying doses of chlor- 
promazine hydrochloride. Blood samples were obtained 90 min later and 
analyzed for serum prolactin by a double-antibody radioimmunoassay. 
Another study involved pyridoxal hydrochloride and saline pretreatments 
:I0 min prior to doses of chlorpromazine hydrochloride. Blood samples 
collected 60 min later were also analyzed for serum prolactin. Pyridoxine 
hydrochloride significantly suppressed the chlorpromazine-induced 
prolactin rise (p < 0.01). However, the suppression was significantly less 
than that produced hy bromocriptine (p < 0.01). Pyridoxal hydrochloride, 
another natural form of vitamin Bs, failed to suppress prolactin under 
the conditions of both studies. This investigation may lend support to 
the concept that  pyridoxine hydrochloride partially inhibits prolactin 
by a mechanism not involving dopamine. 


Keyphrases Pyridoxine-effect on chlorpromazine-induced serum 
prolactin rise, rats Chlorpromazine-induction of serum prolactin rise, 
effect of pyridoxine, rats 0 Prolactin-chlorpromazine-induced rise, 
effect of pyridoxine, rat... 


In 1973, Foukas (1) suggested that oral pyridoxine 
suppressed lactation within 7 days in 95% of postpartum 
women. This finding was supported by Marcus (2) but not 
by other investigators (3-6). Pyridoxine reduction of serum 
prolactin levels in the galactorrhea-amenorrhea syndrome 
has been reported (7,8).  Other studies showed that pyri- 
doxine has no effect on elevated plasma prolactin levels 
due to various causes, including two subjects with chlor- 
promazine-induced hyperprolactinemia and galactorrhea 


(9,lO). However, Reiter and Root (11) observed a signifi- 
cant decrease in plasma prolactin in children following 
intravenous pyridoxine. 


An in uitro investigation indicated that pyridoxine 
possessed some inhibitory effect on prolactin release from 
whole rat pituitary culture (12). Harris et al. (13) demon- 
strated that pyridoxine suppressed the plasma prolactin 
rise associated with proestrus and thyrotropin-releasing 
hormone stimulation in the rat. More recently, Husami et 
al. (14) presented evidence that high pyridoxine doses 
affected neither prolactin secretion nor lactation in hu- 
mans, monkeys, and rats, including animals stimulated 
with thyrotropin-releasing hormone. 


The present study was undertaken to determine the 
effects of pyridoxine and pyridoxal, two natural forms of 
vitamin Bk, on chlorpromazine-induced prolactin secretion 
in rats (15) and to compare the inhibition by these vitamins 
with the effects of bromocriptine, a known potent inhibitor 
of prolactin release (16). 


EXPERIMENTAL 


Two hundred and forty male Spmgue-Dawley adult rats’, 245-280 g, 
were divided into four equal groups. The rats were housed for 21 days 
prior to the study in a temperature-controlled ( 2 3  f :j0) artificially illu- 
minated (lights on from 7:W am to 7:OO pm daily) room. The animals were 
given food’and water a d  libitum. Each group was intraperitoneally in- 


’ Taconic Farms, Germantown, N.Y. 
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Abstract The absorption of dinoprast (prostaglandin Fza) and its 
methyl ester in rat jejunum was studied. A 22-cm segment of rat jejunum 
was cannulated a t  both ends and connected to an oscillating perfusion 
pump system. The mesenteric vasculature supplying this isolated seg- 
ment also was cannulated and perfused with Kreb’s bicarbonate buffer 
with dextran. Solutions of 3H-dinoprost or its methyl ester were intro- 
duced into the lumen and oscillated through the segment. The disap- 
pearance of radioactivity from the lumen and the appearance of radio- 
activity in the vascular perfusate were monitored. The metabolite pat- 
terns in the vascular perfusate were analyzed by TLC. A lag between the 
time the drug disappeared from the lumen and the time it appeared in 
the mesenteric circulation was detected. This lag was longer for the 
methyl ester than for the free acid, even though the ester disappears from 
the lumen faster than does the free acid. Upon removal of dinoprost from 
the gut lumen, a gradual decrease in the amount of drug appearing in the 
mesenteric circulation could be detected. However, with the ester, a slight 
increase could be observed for -0 .5 hr, followed by a decrease. Metaho- 
lism by the gut wall appears to be greater for the ester than for the acid. 
The results suggest that, although the ester disappears from the lumen 
more quickly than does the acid, it actually penetrates to the blood a t  a 
slower rate and undergoes greater metabolism. 


Keyphrases Dinoprost-absorption and penetration, mesenteric 
circulation, rats, metabolism 0 Dinoprost-methyl ester, absorption and 
penetration, mesenteric circulation, rats, metabolism 0 Pharmacoki- 
netics-dinoprost and dinoprost methyl ester, mesenteric circulation, 
rats u Prostaglandins-dinoprost, dinoprost methyl ester, absorption 
and penetration, mesenteric circulation, rats, metabolism 


Prostaglandins have been viewed as potential panaceas 
almost since the moment of their discovery. Much research 
has been devoted to their endogenous and exogenous 
functions in various organs and tissues, and various roles 
have been assigned to this family of compounds. Because 


of their ubiquity and functional diversity, prostaglandins 
are appealing prospects as therapeutic agents for many 
conditions. However, before this potential can be realized, 
a practical administration route must be developed. The 
most desirable route would be oral. When dinoprost 
(prostaglandin F2J or its methyl ester are administered 
orally, the major absorption site appears to be the small 
intestine since there is little absorption from the stomach’; 
although there can be some absorption by the large intes- 
tine, most of the compound disappears before reaching this 
area (1). 


The present study was designed to gain insight into in- 
testinal absorption of prostaglandins: their disappearance 
from the intestinal lumen, their appearance in the mes- 
entric circulation, and the extent of their metabolism in 
the intestinal wall. Investigations into the rates of pros- 
taglandin disappearance from the intestinal lumen (1 ,2)  
have been based on studies of prostaglandin disappearance 
from the mucosal side of the intestine. From such studies, 
Ho and coworkers (3 ,4)  proposed that dinoprost absorp- 
tion is diffusion dependent and that its metabolism may 
affect the absorption rate. In addition, previous work2 
showed that the lymphatic system does not play a role in 
the transport of orally administered prostaglandins. 


This study looked at the serosal side of the intestine uia 


1 E. Daniels and H. VanEyk, The Upjohn Co., Kalamazoo, MI 49001, personal 


2 L. Comptan and J. Weeks, The Upjohn Co., Kalarnazoo, MI 49001, personal 
communication. 
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Figure I-Diagram of experimental setup. Key: HP, parastaltic pump; 
PT, pressure transducer; L, warming tamp; HX,  heat exchanger; AC and 
VC, arterial cannula and venous cannula; OF, oscillating pump; TC,  
platform temperature controller; RP, rectal probe; RT, radio ther- 
mometer; and T ,  thermometer. 


the mesenteric circulation to obtain a more complete in- 
testinal absorption profile. Since it has been proposed that 
prostaglandin esters are absorbed faster and achieve 
greater circulating levels than the free acids (2, 51, the 
differences in absorption between dinoprost and its methyl 
ester were examined. 


EXPERIMENTAL 


MateriaI~~-[9(N)-~H]-Dinoprost was commercially prepared4. 
"-Dimprost methyl ester was produced by reacting SH-dinoprost with 
diazomethane. 


Methods-Several techniques have been developed for studying in- 
testinal absorption and transfer into the mesenteric circulation (6-10). 
The experimental technique employed for this study was an expansion 
of Ho's modified Doluisio absorption method (5) (Fig. 1). 


Male Sprague-Dawley rats, 600-800 g (these larger animals were 
chosen because the mesenteric blood vessels were much easier to can- 
nulate), were anesthetized with cyclopal sodium and placed on a tem- 
perature control platform5 to maintain body temperature a t  37'; body 
temperature was monitored with a rectal probe. The abdomen was 
opened, and branches of the superior mesenteric artery and vein 
supplying the superior jejunum were cannulated with polyethylene 
tubing6. 
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Figure 2-Dinoprost disappearance and appearance curves. 


3 Metabolite standards were provided by Frank Lincoln, Experimental Chem- 


lNew England Nuclear, Boston, MA 021 18. 
5 Narco Biosystems, Houston, Tex. 
6 PE-50 Intramedic, Clay Adams, Division of Becton, Dickinson and Co., 
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Figure 3-Dinoprost methyl ester disappearance and appearance 
curves. 


The vasculature was perfused with an oxygenated solution of Kreb's 
bicarbonate buffer (pH 7.4) with 10% dextran and 150 IU of heparin/ml 
uia a parastaltic pump7. Perfusion pressure was monitored by a pressure 
transducers. Perfusate passed from the arterial cannula6 through the 
vasculature and into the venous cannula6, where it drained into collecting 
tubes. Next, a 22-cm section of jejunum supplied by the perfused vas- 
culature was laid out in a S pattern and washed free of fecal matter. 
Cannulas were inserted a t  each end such that syringe barrels could be 
inserted into the cannulas and secured. 


The exposed gut temperature was monitored (thermometer) and 
regulated with a lamp. Radiolabeled drug solution9 (2 ml) containing 10 
pg of prostaglandin in pH 6 buffer was placed in the gut, and a reversible 
pumplo was connected to the syringe barrels, allowing the solution to be 
oscillated slowly through the gut (0.75 ml/min). [Moving the solution is 
reported to reduce the thickness of the aqueous diffusion layer (4).] The 
drug solution was prepared in isoosmotic pH 6.0 phosphate buffer (pre- 
pared by diluting 9.07 g of anhydrous monobasic potassium phosphate 
and 11.93 g of potassium sulfate to 1 liter with water). The pH was ad- 
justed with 1 N NaOH (11). This buffer produces no water flux into or 
out of the gut in experiments with 14C-polyethylene glycol. 


Two minutes was allowed for mixing before the first luminal fluid 
sample was taken, followed by sampling a t  5-min intervals. Effluent from 
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Figure 4-Dinoprost appearance in mesenteric circulation. Dotted lines 
indicate time after drug remoual from lumen. 


Model 911 Holter Roller Pump, Extracorporal Medical Specialities, King of 
Prussia, PA 19406. 


Harvard Apparatus Co., Millis, MA 02054. 
9 Two milliliters of drug solution had the same disappearance half-life in these 


lar e rats as was demonstrated in the smaller rats used by Ho (5). 
I% FMI lab pump, Fluid Metering Inc., Oyster Bay, NY 11771. 
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Figure 5-Dinoprost methyl ester appearance in mesenteric circula- 
tion. Dotted tines indicate time after drug removal from lumen. 


the venous cannula was collected in separate tubes for each sampling 
interval. The drug solution remained in the gut for the designated 
time-usually 60 min-and was then removed; the gut was then washed 
free of drug. The vascular perfusion was continued for an additional 
period to check for drug holdup in the intestinal wall and to follow drug 
release. Upon completion of the perfusion, the experimental intestine 
section was removed, and the amount of radioactivity remaining in the 
wall was determined. 


Analysis-The radioactivity in the luminal samples and that in the 
vascular perfusate were determined by direct counting of small aliquots 
in a scintillation counter". These and all other counting data were cor- 
rected for quench. Intestinal wall tissue was homogenized1* and oxidized 
with an oxidizer", and the oxidation products were counted to determine 
the residual radioactivity in the gut wall. 


The metabolism data were obtained by pooling the vascular perfusate 
samples into three portions (0-30 min, 35-60 min, and 65 min-end), ex- 
tracting with ethyl acetate, and subjecting the extract to TLC. TLC was 
carried out on silica gel plated3 in chloroform-methanol-water (40101) 
and then chloroform-methanol-acetic acid (402.55). The plates were 
scraped, and the areas where the various standards ran were noted and 
counted. 


RESULTS AND DISCUSSION 


Several intestinal absorption parameters were determined from the 
data collected: (a )  the amount of drug lost from the lumen, ( b )  the amount 
and pattern of drug appearance in the mesenteric circulation, (c) the 
amount of drug held up in the gut wall, and ( d )  the extent and pattern 
of intestinal metabolism. In addition, the esterase activity in the gut 
lumen was determined for the experiments with dinoprost methyl 
ester'4. 


Figure 2 shows dinoprost disappearance from the intestinal lumen and 
the appearance of the label in the mesenteric circulation plotted on a log 
scale of the total disintegratious per minute versus time. By the time that 
the zero sample was taken (after a 2-min delay), activity had already 
begun to appear in the circulation and continued to increase until the 
drug was removed from the gut. After removal of the drug solution from 
the lumen, the rate of increase of radioactivity appearing in the mesen- 
teric circulation slowly leveled off; after 30 min, the slope approached 
zero. 


Figure 3 shows the disappearance and appearance of dinoprost methyl 
ester. Ester disappearance studies are complicated by the presence of a 
luminal esterase, which converts the ester to the free acid at  a highly 
variable rate. TLC of the luminal extract demonstrated that the only 
radioactive species present were dinoprost and dinoprost methyl ester 
and, therefore, indicated no back-diffusion of prmtaglandin metabolites 
into the lumen. 


Some differences between the free acid and the ester should be noted. 
First, there is a delay between the time the drug disappears from the 
lumen and the time it appears in the circulation since most plots start 
from zero. Second, radioactivity continues to increase in the circulation 


Packard Tri-Carb, Packard Instrument Co., Downers Grove, IL 60515. 
Polytron homogenizer, Brinkmann Instruments, Westbury, NY 11590. 
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I4 G. Tarpley and F. Sun, The Upjohn Co., Kalamazoo, MI 49001,1976, unpub- 
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Figure 6-Dinoprost and dinoprost methyl ester actioity distribution. 
Vertical line indicates standard deviation. 


after the drug is removed from the lumen; i.e., the slope remains positive. 
The slope of the appearance curve for Rat 3 more closely resembles the 
slopes for dinoprost because the esterases, as measured by the ester to 
acid ratio in the luminal fluid, were not as active in Rats 1 and 2 as in Rat 
3. 


The percent of the total activity lost from the lumen appearing in the 
mesenteric circulation for dinoprost versus time is shown in Fig. 4. The 
broken line indicates the time after drug was removed from the lumen. 
The radioactivity appeared immediately in the mesenteric circulation, 
and the slope began to level off shortly after drug removal. A similar plot 
for dinoprost methyl ester is shown in Fig. 5. There was an apparent delay 
before radioactivity began to appear, and the slope continued to rise even 
after drug removal, which was especially apparent when the drug solution 
was removed after only 5 min in the lumen. 


Figure 6 shows the activity distribution in the two compartments, tissue 
and blood (plotted mean f SD). These results, along with those showing 
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Figure 7-Metabolites appearing in mesenteric circulation. Key: 0, 
dinoprost in intestinal lumen; and 0,  dinoprost methyl ester in intes- 
tinal lumen. 


Journal of Pharmaceutical Sciences I 985 
Vol. 68, NO. 8, August 1979 







a delay between disappearance from the lumen and appearance in the 
blood, are in agreement with previous studies (12), which indicate that 
the greater a compound’s lipophilicity, the longer will be its holdup in 
the intestinal wall and the less will penetrate to the serosal side of the 
mem brane. 


Finally, as is expected with longer holdup, the ester is more extensively 
metabolized than is the acid, as indicated by TLC. With dinoprost, the 
main metabolites are 15-ketodinoprost and 13,14-dihydro-15-ketodi- 
noprost. As the experiment progressed, the metabolism decreased (Fig. 
7). With the ester, four main metabolites are seen: dinoprost, 15-keto- 
dinoprost, 13,14-dihydro-15-ketinoprost, and 13,14-dihydrodinoprost. 
Although the amount of intact ester entering the blood increased slightly 
as the experiment progressed, the total metabolism increased, as indi- 
cated by the increase in 13.14-dihydrodinoprost in the circulation. 


In summary, intestinal prostaglandin absorbed appears to have at least 
three phases. First, prostaglandins appear to diffuse rapidly from the gut 
lumen into the intestinal wall. Second, once in the gut wall, time is re- 
quired for the compound to reach the other side of the cell. During this 
transcellular movement, the compound appears to be extensively, al- 
though not completely, metabolized. The duration of this second phase 
appears to be directly related to lipophilicity. Third, the compound and 
its metabolites are released into the mesenteric circulation. Prostaglandin 
esters apparently are released slower and over a longer period than the 
parent acids; however, they also undergo more extensive metabolism. 


This study demonstrated differences in dinoprost and dinoprost 
methyl ester absorption patterns in the rat. However, these differences 
were not in agreement with the hypothesis that prostaglandin esters are 
absorbed faster than the parent prostaglandins in this species. 
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Abstract The bioequivalence of four conjugated estrogens tablets USP 
was compared by measurement of seven estrogens or estrogen metabolites 
in the urine during steady-state dosing in postmenopausal women. Two 
studies compared three generic products with the innovator’s product. 
The urinary excretion of 17a-dihydroequilin, 17a-dihydroequilenin, and 
17a-estradiol were significantly greater in all cases with the innovator’s 
product than with the generic products. Statistically significant differ- 
ences between products were observed occasionally for other components. 
The generic products thus were hioinequivalent to the innovator’s 
product, although all products essentially met current compendial 
specifications. A third study observed no significant differences between 
three batches of the innovator’s product for the seven components. Total 
conjugated estrogens excretion of all products at the steady state was 


Conjugated estrogens of natural origin are composed 
of a t  least nine different estrogens or estrogen metabolites, 
each present in a different amount. The USP monograph 
for conjugated estrogens (1) contains specifications for 
total conjugated estrogens and for the two most abundant 
components, sodium estrone sulfate and sodium equilin 
sulfate. The sodium estrone sulfate specification is 5045% 
and the sodium equilin sulfate specification is 20-35% of 
the total conjugated estrogens content. The monograph 
does not contain quantitative specifications for additional 
components, although an identification test (2) requires 
the presence of a prominent GLC peak for 17a-dihydro- 
equilin and additional peaks for 17a-estradiol, l7P-di- 
hydroequilin, equilenin, 17P-estradiol, and 9-dehydro- 
estrone. 


essentially equal and correlated with neither disintegration time nor 
dissolution half-time. Bioinequivalence between products is discussed 
in relation to the need for an  improved USP conjugated estrogens 
monograph. Evidence suggesting the metabolism of a fraction of dosed 
estrone, equilin, and l7a-dihydroequilin to 17P-estradiol, 17P-dihy- 
droequilin, and 17a-dihydroequilenin, respectively, is presented. 


Keyphrases 0 Estrogens, conjugated-bioinequivalence of generic and 
proprietary products, postmenopausal women Rioequivalence-con- 
jugated estrogens, bioinequivalence of generic and proprietary products, 
postmenopausal women 0 Product substitution-estrogens, conjugated, 
bioinequivalence of generic and proprietary products, postmenopausal 
women 


Broad content ranges are specified for sodium estrone 
sulfate and sodium equilin sulfate. The content of the third 
major component, sodium 17a-dihydroequilin sulfate, 
which by GLC is 15% of the total estrogens in the innova- 
tor’s product, is unspecified; the specification for this 
component is an imprecise and nonquantitative identifi- 
cation test. A similar requirement is made for minor 
components. 


Pharmaceutical equivalents are defined (3) as “drug 
products that contain identical amounts of the identical 
active drug ingredient. . . .” Drug product compliance with 
compendial standards is generally assumed to assure 
pharmaceutical equivalence (4). A consequence of the 
broad or nonquantitative specifications for both major and 
minor components is that compendial standards may not 
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Abstract Ahsorption rates of monobasic @-lactam antibiotics were 
measured as a function of lumen solution pH hetween 4 and 9 by utilizing 
the rat intestinal recirculating method in situ. Between pH 6.5 and 9, the 
ahsorption rate constants of ionized antihiotics were almost identical; 
hut., a t  pH 4, the unionized species were highly absorbed, depending on 
their lipophilicity through the GI membrane lipoidal harrier. The 
structure -ahsorption rate relationship was estahlished with the unstirred 
layer model. 


Keyphrases Ahsorption, GI--various monobasic penicillins and 
celazolin, effect of‘ ionization. pH, structure-activity relationships 0 
I’enicillins, various-GI ahsorption, effect of ionization, structure-ac- 
tivitg relationships Cefazolin ---GI absorption, effect of ionization, 
striict.ure-activity relationships 0 Antibiotics-penicillins and cefazolin, 
(;I  absorption, effect o f  ionization, structure-activity relationships 


~~ ~ 


The GI absorption rate of a monohasic penicillin in rats 
deviated significantly from the pH-partition hypothesis 
(1). This shift was interpreted successfully by the ah- 
sorption mechanism of penicillins through the aqueous 
diffusion layer of the lumen side of the GI membrane, 


which is restricted by the lipophilicity of the undissociated 
species (1).  


In in uitro experiments utilizing an isolated gut tech- 
nique, the transport of phenoxypenicillin derivatives ex- 
hibited a saturable process, but additional study did not 
produce evidence of active transport (2). A similar in uitro 
study (3) provided evidence for the passive transport of 
&lactam antibiotics a t  pH 7.4. Perrier and Gibaldi (4) 
attributed the larger absorption of dicloxacillin than of 
penicillin G and ampicillin from the in situ rat intestinal 
loop to the Iarger lipophilicity of dicloxacillin. A good 
correlation was found (5) between the rate of in situ in- 
testinal cephalexin and cefazolin absorption in rats and 
their in uitro release rate from liposomes. 


Recent studies in this laboratory on the in situ absorp- 
tion kinetics of low lipophilic and completely ionized am- 
photeric 0-lactam antibiotics, such as amoxicillin (6), cy- 
clacillin (7 ) ,  and cephradine (7), indicated that their in- 
testinal absorption is governed by simple diffusion fol- 
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lowing first-order kinetics at  a high dose and is favored by 
some forms of a carrier-mediated transport process fol- 
lowing Michaelis-Menten kinetics at  low doses. However, 
the kinetics and mechanism for the transport of ionized 
species of monobasic P-lactam antibiotics across the in- 
testinal mucosa are not clearly understood. 


In the present absorption study, attention was paid to 
lumen solution pH, and simultaneous absorption and 
degradation were assessed. Discussion by others (4) on the 
absorption of ionized penicillin species seems to harbor 
some questions because of the pH change and P-lactam 
ring degradation, both of which may occur during ab- 
sorption experiments, especially with the in situ method. 
In this report, kinetic evidence is presented for the in situ 
intestinal absorption of  ionized forms of monobasic peni- 
cillins and cefazolin. Furthermore, based on the unstirred 
layer theory, which is applicable to the absorption of un- 
dissociated @-lactam antibiotic molecules ( l ) ,  the rela- 
tionship between the absorption rate of antibiotics and 
their oil-water partition coefficients has been estab- 
lished. 


EXPERIMENTAL 


Materials-The following P-lactam antibiotics were used as supplied: 
penicillin V potassium' (1490 units/mg), phenethicillin potassium' (1444 
unitdmg), propicillin potassium2 (993 pg/mg), oxacillin sodium3 (840 
pg/mg), cloxacillin sodium' (907 pg/mg), dicloxacillin sodium' (900 
pg/mg), floxacillin sodium4 (893 pg/mg), and cefazolin sodium4 (966 
pg/mg). Solutions of penicilloic acids of propicillin and dicloxacillin were 
prepared according to the method of Schwartz and Delduce (8). 


All other chemicals were reagent grade and were used without further 
purification, except for imidazole which was purified by double recrys- 
tallization from benzene followed by thorough washing with ether. 


In Situ Intestinal Absorption Procedure-Male albino Wistar rats, 
225 f 25 g, were fasted over 20 hr prior to the experiments, but water was 
given freely. The rats were anesthetized with urethan, 1.3 g/kg ip. 


The recirculating perfusion procedure for studying in situ intestinal 
absorption was essentially the same as that described previously (1,9), 
except for the use of the upper 30-cm portion of the small intestine. The 
bile duct was ligated in all experiments. The small intestine was washed 
with 50 ml of perfusion solution, and a 5-ml solution of a penicillin or of 
a penicilloic acid ( 5  mg/ml, unless otherwise stated) was recirculatingly 
perfused a t  2 ml/min. The drug solution waq prepared with isotonic buffer 
(lo),  and the lumen solution pH was maintained a t  the desired pH with 
a pH-stat5 (1,9) during the absorption experiments. 


The perfusion periods were 1 hr a t  pH 4.0 and 2 hr a t  other pH values. 
At the end of the absorption experiment, the recirculating drug solution 
of about 9 ml and a fresh isotonic buffer perfused to wash the intestine 
were collected into a 50-ml volumetric flask; the required amount of the 
same buffer was added to  obtain 50 ml. To obtain a final sample, the so- 
lution was passed through a 0.45-pm filtep to remove any solid materials. 
The initial sample was prepared by diluting 5 ml of the initial drug so- 
lution (5 mg/ml) with the isotonic buffer to obtain 50 ml. 


Analytical Procedures-The antibiotic concentration was deter- 
mined by three methods: UV spectrophotometry (1 I), high-pressure 
liquid chromatography (HPLC), and spectrofluorometry (12). Due to 
the interference by unknown materials with UV absorbance in the sample 
solution of penicillins having an isoxazole group (oxacillin, cloxacillin, 
dicloxacillin, and floxacillin) (4), these samples were analyzed only by 
HPLC. 


HPLC-The chromatograph7 was equipped with a variable-wave- 
length UV detector8 set a t  210 or 254 nm. A reversed-phase columng, 


I Meiji Seika Kaisha, Tokyo. Ja an 


,' Banyu Pharmaceutical Co., Tokyo, Japan. 
Takeda Chemical Industries, &aka, Japan. 


Fujisawa Pharmaceutical Co., Osaka, Japan. 
pH-Stat  titrator assemhly consisting of TTTP titrator and ABU12b auto- 


Sartorius-Memhranfilter GmhH. Gnttin en,  Germany. 


Model UVIDEC-100. Japan Spectroscopic Co., Tokyo, Japan. 
/.tBondapak-Cls, 30 cm X 4 mm id.. Waters Axsociate. Milford, Mass. 


burette, Radiometer, Copenhagen, Denmark. 


' Model FLC-A700, Japan Spectroscopic &., Tokyo, Japan. 


prepacked with octadecylsilane chemically bonded on totally porous silica 
gel, was used for the determination of unchanged P-lactam antibiotics. 
The eluent was 10-30% (v/v) aqueous acetonitrile containing 0.01 M 
ammonium acetate. For the determination of penicilloic acids, an 
anion-exchange columnlo was utilized with 0.02 M KHpPO4 adjusted to 
pH 5 as the eluent; a 100-pl sample was injected through a loop injector 
on flow. Peak heights were used for quantification. A standard solution 
of the corresponding penicilloic acids was prepared according to the 
procedure described by Schwartz and Delduce (8). 
Spectrofluorometry-Spectrofluorometry was used in the analysis 


of relatively lower propicillin concentrations and of the sample from the 
absorption experiment with penicilloic acid. This analytical method was 
based on the formation of a fluorescent Schiff base resulting from the 
reaction between 5-dimethylaminonaphthalene- 1-sulfonylhydrazine and 
penilloaldehyde (12), which can be produced from the reaction of peni- 
cilloic acid and mercuric chloride at pH 2.5. This method has the ad- 
vantage of simultaneous determination of the intact penicillin and its 
product, penicilloic acid (12). The detailed procedure was described 
elsewhere (12)l'. 


RESULTS AND DISCUSSION 


Simultaneous Absorption a n d  Degradation-Table I shows the 
percentage of remaining penicillins and the percentage of penicilloic acids 
that appeared after 2 hr in the in situ intestinal recirculating absorption 
experiments for propicillin, dicloxacillin, penicillin V, and cefazolin. 
Samples were analyzed by HPLC for all penicillins and cefazolin and by 
spectrofluorometry for propicillin and penicilloic acids. There were sig- 
nificant degradations in the /?-lactam moiety of penicillin derivatives. 
Cefazolin degradation was negligible during the experiments since the 
corresponding product peak, which was observed in in uitro degradation 
for a sufficiently long period under the same condition, was not de- 
tected. 


Possible absorption of penicilloic acids was examined under similar 
conditions. Both penicilloic acids of propicillin and dicloxacillin were 
absorbed to the same extent (16.1 f 6.8%) at the end of 2 hr a t  pH 7.4. 
From these results, the overall pathway of P-lactam antibiotics in the 
intestinal lumen solution can be represented as in Scheme I. 


As seen in Table I, the widespread change of the initial propicillin 
concentration hetween 100 and 5000 pg/ml produced an almost constant 
disappearance of 23% and an appearance of 10% of the penicilloic acid 
a t  pH 7.4. A similar result was reported (2) for penicillin V disappearance 
in the 0.6-160-pg/ml range from rat intestinal lumen solution a t  pH 7.4. 
These findings indicate that all rate processes in Scheme I follow apparent 
first-order kinetics, a t  least for propicillin and penicillin V. If one assumes 
that a similar kinetic process applies to other B-lactam antibiotics ac- 
cording to Scheme I, the ratios of a remaining antibiotic (a ' )  and an ap- 
parent penicilloic acid (a2) a t  time t to the initial antibiotic dose would 
he expressed by: 


a, = e-(ka+kd)l (Eq. 1) 
m 


ka l'/A f- Lactam antibiotics > 
(d, 1 


1 kd 


GI Membrane 
Scheme I-Pathway for the absorption and degradation of P-lactam 


antibiotics. (For the meaning of ai, see text.) 


l o  Zipax-SAX, 50 cm X 2.1 mm i.d., DuPont Instrument, Wilmington, Del. 
' I  In the previous paper (12), the concentration of 5-dimethylamino- 


naphthalene-1 -sulfonylhydrazine reagent was erroneously referred to as 10%. The 
correct concentration is 0.1%. - 
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Table I-Summary of the Data Determined for Penicillin, Penicilloic Acid, and Cefazolin in the In Situ Absorption Experiments 
through the Small Intestine of the Rat 


Remaining Appearance of Rate Constantb, 
8- Lactam Dose, Antibiotic", Penicilloic Acida, 10: min-1 
Antibiotic PH Irglml % (100 x a,) % (loo x a2) k ,  or k .  k d  


Propicillin 


Dicloxacillin 


Penicillin V 


6.5 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 
8.0 
8.5 
8.5 
9.0 
9.0 
6.5 
7.4 
7.4 
8.0 
8.5 
8.5 
8.5 
9.0 
6.5 
7.4 
8.5 
8.5 
9.0 


Penicilloic acid of propicillin 7.4 
7.4 
1.4 


Penicilloic acid of dicloxacillin 7.4 
7.4 


Cefazolin 7.4 
7.4 
7.4 


5,000 
100 
100 
100 
500 
500 
500 


1,000 
1,000 
5,000 
5,000 
5,000 


10,000 
10,000 
10,000 
10,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 


69.1 
69.1 
70.0 
84.9 
80.2 
84.8 
84.9 
67.4 
87.2 
74.0 
73.9 
66.9 
87.0 
84.9 
98.6 
86.5 
79.1 
82.8 
80.9 
69.6 
79.0 
74.5 
79.8 
69.6 
73.3 
75.2 
84.0 
76.9 
79.2 
77.7 
82.8 
78.5 
81.2 
69.6 
88.1 
89.9 
84.0 
83.7 
74.7 
89.4 
89.2 
92.4 


7.1 
15.6 
8.8 
7.6 
5.7 
2.8 
9.5 


15.2 
4.8 
8.6 


15.0 
18.0 
0.8 
7.5 
0.3 
5.8 
3.6 
3.8 
5.4 


19.4 
7.0 


15.1 
7.9 
4.9 
7.5 
7.1 
7.0 
9.0 


12.8 
7.0 


10.4 
8.2 
8.2 


18.1 
- 
- 
- 


- 
- 
- 
- 
- 


2.30 
1.38 
2.02 
0.61 
1.26 
1.10 
0.43 
1.61 
0.67 
I .60 
0.93 
1.35 
1.08 
0.62 
0.09 
0.64 
1.59 
1.19 
1.22 
0.91 
1.25 
0.86 
1.08 
2.49 
1.79 
1.63 
0.16 
1.26 
0.63 
1.38 
0.53 
1.18 
0.91 
1.05 
1.06 
0.90 
1.45 
1.48 
2.43 
0.93 
0.95 
0.66 


0.78 
1.70 
0.96 
0.75 
0.58 
0.28 
0.94 
1.68 
0.47 
0.91 
1.59 
2.00 
0.08 
0.74 
0.03 
0.57 
0.37 
0.38 
0.55 
2.11 
0.72 
1.59 
0.80 
0.53 
0.80 
0.74 
0.69 
0.93 
1.31 
0.12 
1.04 
0.84 
0.83 
1.97 
- 
- 
- 


- 
- 
- 
- 
- 


0 1)eterrnined at the end of 2-hr experiments. b Calculated frnm Eqs. 4 and 5 by use of tro = 0.839, which is the average of values determined for penicilloic acids of  propicillin 
and dicloxacillin. 


where k ,  and kh represent the apparent first-order absorption rate 
constants of a penicillin and its penicilloic acid, respectively, and k d  is 
the apparent first-order penicillin degradation rate constant. The ab- 
sorption rate constant, kb,  can be calculated from: 


q, = e-ku' (Eq. 3) 
where (rg is the ratio of the remaining penicilloic acid to the initial dose, 
which is determined under the same conditions in a separate absorption 
experiment for penicilloic acid. In the present kinetic treatment, the value 
of kh or a" was regarded as independent of lumen solution pH and of the 
kind of penicilloic acids, being equal to 1.46 X lo-:' min-' or 0.839 of the 
mean value of kh or (YO as determined for the penicilloic acids of diclox- 
acillin and propicillin. By using the data of ( ~ 1 ,  ~ 2 ,  and ao, the penicillin 
absorption rate constant, k., and degradation rate constant, k d ,  could 
be calculated from Eqs. 1-3 using: 


The raw data of al, 02, and u,) and k .  and k d  of penicillins and cefazolin 
determined under various conditions are summarized in Table I, and their 
mean values are listed in Table 11. 


The rate constants of chemical degradation under similar conditions 


were known to be almost independent of the kinds of penicillins but de- 
pendent on lumen solution pH. They were evaluated, based on previous 
kinetic data (13), as 1.0 X 1.3 X and 6.0 X min-' in iso- 
tonic bul'fer o f  pH 6.5, 7.4, and 9.0, respectively. When comparing the 
degradation rate constants of penicillins under in situ and in uitro con- 
ditions, it must be emphasized that, a t  pH 9.0, both were in a similar 
range. A t  a neutral pH of 65-7.4, however, the degradation rate constants 
in situ were -6-10 times greater than those in uitro. These results suggest 
that  in the intestinal lumen and/or a t  the intestinal mucosa, &lactam 
cleavage other than chemical reaction takes place in an apparently 
first-order kinetic fashion under physiological pH conditions. 


The present kinetic study provided evidence for the significant ab- 
sorption of ionized penicillins and cefazolin and also for the absorption 
of penicilloic acids. If the intestinal absorption of ionized 0-lactam an- 
tibiotics is the result of transport through the lipoidal barrier, as was 
verified (1) for the undissociated forms, significant differences in the 
extent of absorption may be expected among penicillins. In spite of the 
10-fold difference a t  maximum in the oil-water partition coefficient (14) 
of the ionized forms of penicillin V, propicillin, and dicloxacillin, the 
ionized species of these penicillins and cefazolin were ahsorhed to an al- 
most identical extent (Table 11). 


This result suggests that  intestinal absorption of ionized 0-lactam 
antibiotics below the concentration of 5 mg/ml follows apparent first- 
order kinetics such as, for example, simple diffusion through water 
channels in the membrane and that it is almost insensitive to the lipo- 
philicity of transport molecules. However, due to the slight decrease of 
propicillin absorption a t  10 mg/ml (Table 11). the possibility cannot be 
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Table 11-Mean Values Describing the Kinetic Behavior of &Lactam Antibiotics and Penicilloic Acid in  Rat Lumen Solution and Dose 
Effect on the Absorption of Propicillin 


Total Dis- Appearance of Rate Constant*, lo3 min-l f SD 
Dose, appearance,, Penicilloic Acid" Absorption, k, Number of 


Antibiotic r d m l  % f S D  % f S D  or k, Degradation, kd Experiments 


Propicillin l O O C  25.3 f 8.9 10.7 f 4.3 1.34 f 0.71 1.14 f 0.50 
500c 16.7 f 2.7 6.0 f 3.4 0.93 f 0.44 0.60 f 0.33 


1,000C 22.7 10.0 1.14 1.08 
13.9 f 4.8 1.29 f 0.34 1.50 f 0.55 5,000; 28.4 f 4.1 


5,000 25.0 i 5.7 9.8 f 6.1 1.37 f 0.42 1.05 f 0.68 
10.8 f 6.3 3.6 f 3.6 0.61 f 0.41 0.36 f 0.35 10,000 


Dicloxacillin 5,000d 23.4 f 4.4 8.9 f 3.4 1.31 f 0.63 0.92 f 0.35 
Penicillin V 5.000d 22.0 f 5.1 10.4 f 4.5 1.01 f 0.32 1.08 f 0.51 


3 
3 
2 - 
3 
9 
4 
8 
5 
5 
3 


- 1.46 f 0.59 


Observed values at the end of 2-hr experiments. * Calculated value by Eqs. 4 and 5. Averaged value at pH 7.4. 


- Penicilloice acid 5;00OC 16.1 f 6.8 
Cefazolin 5,00OC 9.7 f 1.8 - 0.85 f 0.16 - 


Averaged value between pH 6.5 and 9. e Penicilloic 
acids of propicillin and dicloxacillin prepared by Schwartz and Delduce (8). 


excluded that a specialized mechanism of intestinal carrier-mediated 
transport of the ionized species exists, as was proposed for the intestinal 
absorption of completely ionized and highly hydrophilic aminopenicillins 
and aminocephalosporins (6,7). 


Effect of pH on Intestinal Absorption and Structure-Absorption 
Rate Relationships-Figure 1 shows the plots of in situ absorption rate 
constants, k,, of penicillins versus perfusion solution pH, which was 
maintained with a pH-stat (1, 9). Absorption rate constants a t  pH 4.0 
were calculated, assuming the degradation to be negligible in comparison 
to absorption, while those at other pH values were derived from Eq. 4. 


Between pH 6.5 and 9, the penicillin absorption was independent of 
the lumen solution pH, with average rate constants, k,, of 1.27 X 
min-'; it was almost identical among penicillin molecules (Table 11). 
Below pH 6, the rate constants increased significantly with a decrease 
of the lumen solution pH depending on the lipophilicity of the undisso- 
ciated species. Therefore, k, can be expressed as: 


k, = k, + k, (Eq. 6) 


where k, and k, are the apparent first-order absorption rate constants 
for unionized and ionized species of penicillins, respectively. A previous 
study (1) verified that k, can be expressed by Eq. 7, which is derived from 
the kinetic model of membrane permeation across the lipoidal barrier 
of undissociated penicillin species transported through the aqueous 
diffusion layer with thickness L I  adjacent to the surface of the lipoidal 
membrane with thickness L I I :  


where: 


(Eq. 7) 


where V is the volume of the recirculating drug solution; D,, and Dli, are 
the diffusion coefficients of the drug in water and lipid, respectively; P1, 
is the partition coefficient of the undissociated drug between the lipid 
membrane and aqueous solution; fu is the fraction of undissociated 
species; a ~ +  is the hydrogen-ion activity of the lumen solution; K, is the 
penicillin dissociation constant; and R is the ratio of the true interfacial 
area to the geometrical area, S, of the membrane. 


Parameters V ,  L I ,  L I I ,  S, and R can be regarded as constant since V 
and L1 depend only on experimental conditions and the others depend 
on the membrane. By using the relationship of Eq. 10 (10,15) for a dif- 
fusion coefficient, D, and of Eq. 11 (10) for a partition coefficient, Pl,, 
Eq. 7 can be simplified to Eq. 12: 


D = Bi(v%Wj-' (Eq. 10) 


Pi, = P2Pu (Eq. 11) 


k, = k ,  - k ,  


=L(A) 
a<W b + fuPu (Eq. 12) 


where MW and P, represent the molecular weight and the partition 
coefficient between two immiscible liquids of the undissociated species 
of the transport antibiotics, respectively, and p1 and ,& are proportion- 
ality constants. 


The rearrangement of Eq. 12 leads to: 


(Eq. 13) 


To verify Eq. 13, the intestinal absorption of several penicillins a t  pH 
4.0 was examined (Table 111 and Fig. 2). The P,  values in the octanol- 
water system and the KO values used for the calculation were determined 
previously (14). The plots of l/(k,<W) uersus l / ( f , P , )  according to 
Eq. 13 gave a good linear relationship (Fig. 2), and the following equation 
was obtained: 


(Eq. 


(Eq. 9) 


(k,-)-' = 70.0(fuP,)-1 + 1.95 (Eq. 14) 


The solid line in Fig. 1 was calculated for dicloxacillin, propicillin, and 
penicillin V from Eqs. 6,12, and 14 and was in fair agreement with ex- 


C .- 
E 


PH I I I I 1 
5 10 15 20 


(fuPu)-'  x 10' Figure I-Plots of in situ rat intestinal absorption rate constants, k,, 
for penicillins versus pH of the perfusion solution at 37,. The com- 
pounds are numbwed as in Table Ill. The points are experimental 
values, and the solid lines were generated from Eqs. 6, 12, and 14; ki = 
1.27 X 


Figure %-Plots (if  ( k u m ) - I  against (fUPu)-' for penicillins in in 
situ perfusion experiments at p H  4.  The compounds are numbered as 
in Table III. min-I for Compounds I ,  3, and 7. 
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Table 111-Absorption Rate  Constants at pH 4.0 and  Related 
Parameters  for Penicillins 


Molecular 
Weight ka, 


Number Penicillin (MW)" pKab log P i  lo3 min-' 


1 Penicillin V 350.4 2.79 1.95 5.22 
2 Phenethicillin 364.4 2.80 2.20 7.08 


4 
5 
6 
7 Dicloxacillin 470.3 2.76 2.91 16.25 


As free acid. * P,, is the partition coefficient of the undissociated penicillins in 
the octanol-water system. All data were at 37" and taken from Ref. 14. 


perimental values. This finding indicates that the absorption of mono- 
basic penicillins, excluding amphoteric ones such as amoxicillin and cy- 
clacillin (6, 7), follows the common mechanisms of: ( a )  the lipoidal 
membrane transport of the undissociated species permeating the aqueous 
diffusion layer barrier and (b) the apparent first-order transport of the 
ionized species permeating some forms of the harrier almost insensitive 
to antibiotic lipophilicity. 


A previous study (1) revealed that, below pH 6, the intestinal absorp- 
tion rate of propicillin is about 100 times faster than the gastric absorption 
rate. This significant difference is undoubtedly due to the relative surface 
area in the alimentary tract. Naturally, other monobasic /3-lactam anti- 
biotics can be expected to exhibit absorption behavior similar to propi- 
cillin. The present and previous results (1,9) indicate that a small amount 
of these orally ingested antibiotics may be absorbed in the stomach while 
almost all absorption takes place in the duodenum, where the fluid pH 
is relatively lower, and that absorption occurs via passive diffusion of the 
undissociated species, largely dependent on their lipophilicity. A small 
amount may be also absorbed by ionic transport during the slow transit 
through the intestine. Poor absorbability (16) of orally ingested cepha- 
losporins such as cefazolin, the P, of which is about one-thirtieth lower 
than that of penicillin V (17), may be due to the considerable reduction 
o f ' k ,  values effective both in the stomach and upper duodenum. 
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Abstract  Hased on the finding that 3-acetoxy-2-pyridone had re- 
producible activity against murine P-388 lymphocytic leukemia, deriv- 
atives in this series were synthesized and evaluated to determine struc- 
tural parameters important for activity. Of the 32 compounds tested, 10 
were active. At least two oxygen-containing functional groups are required 
for "-388 activity, and the 2,3-isomeric arrangement provides the greatest 
activity. Carbamate or acyloxy groups in the 3-position produced the most 
active 2-pyridones. 


Keyphrases Pyridone derivatives-antineoplastic activity, struc- 
ture activity relationships, mice 0 Antineoplastic agents, potential- 
pyridone derivatives, structure-activity relationships, mice 0 Struc- 
ture- activity relationships-pyridone derivatives, antineoplastic activity, 
mice 


During an investigation of hydroxypyridine derivatives, 
it was discovered that 3-acetoxy-2-pyridone (I) possessed 
reproducible activity against P-388 leukemia in mice. 
There are other scattered reports of pyridone antitumor 
activity. A nucleoside presently undergoing clinical eval- 
uation, which can be classed as a pyridone, is 3-deazauri- 


dine (1, 2). Mimosine, a naturally occurring 4-pyridone, 
was reported as active against Walker 256 carcinosarcoma 
(3) and B16 melanotic melanoma (4). Other pyridones 
studied possess less antitumor activity (5-8). Based on the 
antitumor properties of I, a study was undertaken to de- 
termine the structural parameters important for activity. 


RESULTS AND DISCUSSION 


Compounds I-XXXII were evaluated. 3-Hydroxy-2-pyridone (11) was 
reacted with various acid chlorides, anhydrides, and isocyanates to pro- 
duce %substituted and l$disubstituted 2-pyridones. 2-Pyridone (VII) 
was oxidized to 5-hydroxy-2-pyridone (IV) by the Elbs persulfate reac- 
tion. UV and other spectral data were consistent with those expected for 
2-pyridones (9, 10). The properties of these compounds are shown in 
Table I. 


Antitumor activity was evaluated in the P-388 lymphocytic leukemia 
system using standard protocols (1 1) of the National Cancer Institute. 
Multiple biological tests were carried out with each compound using a 
dose response on the QD 1-9 treatment schedule. Physiological saline 
was the vehicle. Drugs were administered intraperitoneally to mice with 
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BOOKS 


REVIEWS 


Index Nominum 1978.9th Ed. The Swiss Pharmaceutical Society. 1977. 
xiv + 814 pp. 21 X 30 cm. Price $88.00. Available from Drug Intelligence 
Publications, 1241 Broadway, Hamilton, IL 62341. (Introduction in 
French, German, and English; text in French.) 
This edition of Index Nominum introduces a two-column format, al- 


lowing the incorporation of additional information while maintaining 
this reference asa single volume. As in the preceding edition, this volume 
uses a single alphabet to list International Nonproprietary Names (INN) 
and other generic names, trade names and manufacturers, chemical 
names and structures, pharmacopeial monographs on each drug, and 
main therapeutic uses. More than 3645 compounds and derivatives, in- 
cluding 270 new entries, are listed in this edition, along with more than 
24,000 references. Several listings of derivatives were transferred to the 
entry of the parent substance, and numerous entries concerning obsolete 
o r  poorly defined substances were deleted. 


Features retained from previous editions include the listing of mono- 
graph titles from internationally important pharmacopeias under 
“Monographie,” the distinction of new listings by a point preceding the 
name or synonym, and the English translation of expressions used in the 
designations (which remain in French). The convenience of consulting 
only one cross-reference to find the main entry is continued in this edi- 
tion. Cross-references to the main entry now include a dash instead of 
“voir.” Several new signs and abbreviations were added. 


Staff Reoiew 


Pharmacy in Eealth Care and  Insti tutional Systems. Edited by 
PEDRO J. LECCA and C. PATRICK THARP. C. V. Mosby, 11830 
Westline Industrial Drive, St. Louis, MO 63141.1978.275 pp. 18 X 25 
cm. Price $13.95 
The purposes of this book are “to identify and examine the more im- 


portant concerns being raised by the interaction between pharmacy 
practice and the health establishment, to provide an interdisciplinary 
base of understanding of health care and institutional systems, to an- 
ticipate the difficulties that  lie ahead and to indicate the probable di- 
rection of future developments.” These are broad and grandiose objec- 
tives for a book of readings, and the reader closes this book with the 
feeling that  none of them has been achieved. 


For example, there is no reference to or mention of physicians, nurses, 
dentists, podiatrista, or any other health professional. It is difficult to 
understand how the authors can “provide an interdisciplinary base of 
understanding of health care and institutional systems” when the roles 
and attitudes of other health professionals are not discussed. Moreover, 
there is little discussion of “future developments.” In fact, the last section 
is titled, “Current Trends.” 


The book has four basic sections: Part One, “Considerations in Health 
Care and Institutional Systems”; Part Two, “The Health Care System”; 
Part Three, “Health Care Institutions”; and Part Four, “Current 
Trends.” Each section is composed of three chapters; all chapters present 
extensive bibliographies for the interested reader. Dr. Lecca is the author 
of Chapter 1, “The Introduction,” and Chapter 5, “Pharmacy in Com- 
munity Health Planning.” Dr. Tharp is the author of Chapter 9, “Phar- 
macy in Group Practice and Pharmacy Foundations.” 


The brief biographical sketches on the title page do not adequately 
indicate the extent of the authors’ experience with health care and in- 
stitutional systems. Dr. Lecca is presently the Assistant Commissioner 
of Interagency Affairs, New York City Department of Mental Health & 
Mental Retardation. Dr. Tharp is the Director of Technical Services, 
Applied Technology Division of K. V. Pharmaceutical Co. A description 
of the authors’ backgrounds in health care services is necessary for readers 
unacquainted with their work. 


There are a number of basic flaws in the book. One is an overall lack 
of editorial supervision; pharmacy manpower is adequately addressed 
in Chapter 3, yet Chapters 2 and 4 contain information on this topic. The 
same problem occurs for skilled nursing facilities. They are discussed 
thoroughly in Chapter 7, yet Chapter 8 also discusses this area. Another 
problem is that information in many chapters is now outdated, such as 


the extensive undiscussed tables on national health insurance proposals 
for 1974 in Chapter 2 and Pharmacy Foundations in Chapter 9. Fur- 
thermore, the connection between the content in Chapters 10 and 11 and 
institutional systems is unclear. The sequencing of chapters is also in- 
appropriate: Chapter 4, “The Health Care System-An Overview,” 
should be Chapter 1. Some chapters cover their intended objective in 
depth, others are incomplete; for example, Chapter 8 fails to discuss 
long-term care facilities, and Chapter 5 does not present a discussion on 
Area Health Educational Centers. 


A few chapters stand on their own for providing good information and 
data on their respective subjects such as Chapter 2, “Cost Control”; 
Chapter 3, “Institutional Pharmacy Manpower”; Chapter 4, “An Over- 
view of the Health Care System”; Chapter 7, “Institutional Service in 
Hospitals”; Chapter 10, “The Impact of Sociological Research; and 
Chapter 11, “Planning Development and Evaluation of Continuing Ed- 
ucation.” Other chapters are incomplete such as Chapter 6, “Clinical 
Pharmacy in the Health Care System”; Chapter 8, “Nursing Home 
Pharmacy Services”; and Chapter 9, “Pharmacy in Group Practice and 
Pharmacy Foundations.” 


Because much of the information in this book is already outdated, it 
has little value other than as a historical reference. For someone interested 
in reviewing early national health insurance legislation and community 
health planning prior to 1977, Chapters 2 and 5 might be of interest. The 
value of this book to the experienced teacher and researcher in the social 
and administrative sciences is only temporary and may have passed. For 
anyone who scans Current Contents for social and behavioral sciences 
and International Pharmacy Abstracts and maintains a respectable 
reprint file, this book is not worth ita price. I t  may have limited value as 
a reference source in an undergraduate pharmacy course on pharmacy 
and health care. 


Reoiewed by Jean Paul Cagnon 
School of Pharmacy 
University of North Carolina 
Chapel Hill, NC 27514 


Annual Reports  i n  Medicinal Chemistry, Vol. 13. Edited by F. H. 
CLARKE. Academic Press, New York, N.Y. 1978.337 pp. 
Volume 13 of “Annual Reports in Medicinal Chemistry” continues the 


series tradition of updating various major research areas in medicinal 
chemistry. Also, several brief chapters highlight research trends in new 
areas of interest or in areas with which most medicinal chemists are less 
familiar. 


Like previous volumes in this series, Volume 13 is divided into six 
sections: Central Nervous System Agents, Pharmacodynamic Agents, 
Chemotherapeutic Agents, Metabolic Diseases and Endocrine Function, 
Topics in Biology, and Topics in Chemistry. Each section is subdivided 
into five or six chapters of approximately 10 pages each. The section on 
Central Nervous System Agents contains the standard chapters on an- 
tidepressants, antipsychotic agents, narcotic analgesics, and antianxiety 
agents, the latter chapter being further subdivided into benzodiazepines 
and nonbenzodiazepines. In addition, these and other chapters deal with 
the most recent work on dopamine agonists, agents affecting CABA, and 
opiate receptors, reflecting current research interests in these important 
areas. 


Pharmacodynamic Agents covers topics including antiallergy drugs, 
diuretics, and antihypertensive agents. Unlike recent volumes which have 
covered specific cardiovascular areas in detail, Volume 13 contains a 
chapter entitled Agents for the Treatment of Heart Failure. This chapter 
outlines advances in areas such as the cardiac glycosides, vasodilators, 
P-adrenoreceptor stimulants, phosphodiesterase inhibitors, and cardiac 
stimulant peptides. Included also in this section is an interesting chapter 
on a rarely reviewed topic: Inhibitors of the Renin-Angiotensin 
System. 


The section on Chemotherapeutic Agents contains a wealth of the most 
recent research findings on antibiotic, antifungal, antineoplastic, anti- 
parasitic, and antiviral agents. In addition, there is an impressive review 
of the structure-activity relationships of “non-classical” p-lactam anti- 
biotics, i.e., p-lactam antibiotics in which the bicyclic nucleus has been 
altered. Metabolic Diseases and Endocrine Function covers chronic 
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complications of diabetes, newer agents for the treatment of arthritis, 
mechanisms of action of glucocorticoeteroids, and pharmacological reg- 
ulation of serum lipoproteins. 


Topics in Biology has a general review of various enzyme classes and 
selected examples of enzyme inhibitors. This is followed by a more de- 
tailed look at two classes of enzymes: 8-lactamases and proteolytic en- 
zymes. The section is rounded off by timely reviews of iron chelation 
therapy and peptide conformation. In addition to the usual review on 
Reactions of Interest, the final section, Topics in Chemistry, contains 
a useful and interesting chapter on asymmetric synthesis. There is a 
chapter that deals with newer methods and applications of quantitative 
structure-activity relationships in drug design and another on the ste- 
reochemistry of drug-nucleic acid interactions. Scattered throughout 
this volume are chapters on drug metabolism and a general review fol- 
lowed by reviews on the molecular aspects of, and enantioselectivity in, 
drug metabolism. 


The more than 50 contributors to this issue of Annual Reports have 
put together an excellent volume which is certain to be of value to me- 
dicinal chemists, pharmacologists, and researchers in related fields. 


Reviewed by Richard A. Glennon 
Department of Pharmaceutical Chemistry 
Medical College of Virginia 
Virginia Commonwealth University 
Richmond. V A  23298 


Genetics of Industrial  Microorganisms: Proceedings of the Third 
International Symposium. Edited by 0. K. SEBEK and A. I. 
LASKIN. American Society of Microbiology, 1913 I St., N.W., Wash- 
ington, DC 20006.1979.283 pp. 15 X 23 cm. Price $12.00. 
A symposium on the genetics of industrial microorganisms held June 


4-9, 1978, a t  the University of Wisconsin, Madison, was attended by 
approximately 500 university and industrial scientists interested in the 
genetics and biochemistry of existing and potential fermentation products 
such as antibiotics, amino acids, enzymes, alcohol, and hormones. Uni- 
versity scientists recognized for excellent studies in processes basic to 
fermentation product development-mutation, selection, recombination, 
regulation, gene cloning-presented lectures, as did industrial scientists 
recognized for applications of these processes. Those lectures have been 
condensed into the articles appearing in this book. 


In general, the papers reflect recent trends in applied microbiology. 
Most articles emphasize previously unpublished work, work not yet 
published a t  the time of the symposium, or work published just prior to 
the symposium. A few are well-referenced reviews of recent findings. For 
example, genetic crosses to improve processes and to find new antibiotics 
were illustrated by a striking example of the protoplast fusion technique 
applied to the breeding of fungi for cephalosporin production, presented 
by C. Ball and P. F. Hamlyn. An equally noteworthy example was the use 
of interspecific recombination uia natural conjugation in Streptomyces 
to produce new “hybrid” anthracycline antibiotics, written by W. F. 
Fleck. 


An emphasis on nitrosoguanidine as a mutagen in many strain pro- 
grams is reflected in a paper by E. Cerdh-Olmedo and P. Ruis-Vbsquez. 
That article succinctly outlines how the peculiarities of nitrosoguanidine 
action on DNA in vivo can be employed to obtain more efficient use of 
this mutagen. A paper on yeast protoplast transformation with hybrid 
yeast plasmids is representative of significant academic and industrial 
efforts to develop useful cloning systems in organisms other than Esch- 
erichia coli. This paper and other sections of the book illustrate the extent 
to which basic and applied research in microbiology have meshed. A paper 
hy H. J. Treichler et al. on the role of sulfur metabolism in cephalosporin 
and penicillin biosynthesis illustrates how knowledge of a biosynthetic 
pathway and analyses of mutants altered in that pathway and i ts  regu- 
lation are leading to more directed and more effective means of improving 
fermentation processes. 


The papers by K. F. Chater and M. Okanishi provide an excellent re- 
view of plasmid genetics in Streptomytetes and of plasmid roles in an- 
tibiotic production. This active research area has become more important 
now that Streptomycete protoplasts have been transformed with plasmid 
DNA, bringing a cloning system in these industrial bacteria closer to 
reality. This and other key developments were emphasized in the sym- 
posium’s keynote address by D. A. Hopwood. The Hopwood paper pre- 
sents an excellent overview of trends to be expected in the application 
of genetics to industrial fermentations. The articles by N. D. Lomovskaya 
et al. and by K. F. Chater demonstrate an increasing interest in devel- 
oping transduction in industrial bacteria and their possible use as cloning 
vectors. Articles by Y. Aharonowitz, B. M. Pogell, and J .  F. Martin et al. 
on metabolic regulations in industrial microorganisms likewise show an 
expanding interest in the basic mechanisms that regulate antibiotic 
synthesis. Recombinant DNA experiments for the production of mam- 
malian hormones, which have been repeated recently, are not included 
in this book, but there is a useful discussion of government regulation of 
recombinant DNA experimenta. 


The book should be read by all industrial scientists looking for new 
fermentation products and/or improved strains for producing existing 
products. Genetic engineering has increased the interest of industrial 
managers in basic genetic studies. The quest for new challenging problems 
has led more university microbiologists, biochemists, and geneticists to 
look with keener interest at organisms traditionally used only in industry. 
These individuals also will benefit by adding Genetics o/ Industrial 
Microorganisms to their personal library. The editors, 0. K. Sehek and 
A. I. Laskin, are to be commended for expediting an early publication of 
this volume, thereby increasing its value as a current reference work in 
this rapidly progressing field. The American Society for Microbiology 
is to be commended for offering the volume a t  a price that makes it 
available to the interested graduate student. 


Reviewed by Stephen W. Queener 
Department o/ Antibiotic 


Culture Development 
Eli Lilly and Company 
Indianapolis, IN 46206 


Microbiology-1979. Edited by DAVID SCHLESSINGER. American 
Society for Microbiology, Washington, D.C. 365 pp. Price $22.00. 
This volume contains an introductory note by the editor and then is 


divided into seven topical sections, with each section written by one or 
more authors. The sectional divisions are as follows: 


I Microbial Membranes with an introduction followed by subsec- 
tions of articles on Lipids (four articles) 
Membranes and Membrane Proteins (five articles) 
Transport and Energetics (seven articles) 


cles) 
I1 Mechanisms of Microbial Virulence (Introduction and 30 arti- 


Ill Biochemical Genetics of Pathogenicity (six articles) 
1V Antibiotic-Associated Colitis (Introduction and five articles) 


VI Mutasynthesis of Antibiotics (five articles) 
V Resistant Gram-Positive Cocci (five articles) 


VII Ontogeny of the Immune System (five articles) 


These articles were written by 134 authors, and each article in the 
various section divisions is complete with literature citations. The volume 
contains an author index and a complete subject index for easy refer- 
ence. 


This volume, containing many well-written articles under the topical 
divisions, would make a worthy addition to the reference library of any 
scientist in microbiological research. 


Reviewed by Dale H. Cronk 
College of Pharmacy and Health Sciences 
Northeast Louisiana University 
Monroe, L A  71209 
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Abstract 0 The release rates of several steroids from films and capsules 
of homopolymers and copolymers of c-caprolactone, DL-lactic acid, and 
glycolic acid were measured in oitro and in oioo for up to  200 days. Rel- 
atively constant release rates from capsules (reservoir devices) were ob- 
served only under certain conditions. Factors that influence the drug 
release kinetics were evaluated. Release from poly(c-caprolactone) and 
poly (t -caprolactone-co-DL-lactic acid) was diffusion controlled. Release 
from poly(DL-lactic acid-co-glycolic acid) was associated with polymer 
degradation. Release from poly(DL-lactic acid) was very slow when dif- 
fusion controlled. 


Keyphrases 0 Polyesters, biodegradable-poly(c-caprotactone), 
poly(DL-lactic acid), copolymers, steroid release, films, capsules 0 Drug 
delivery systems-kinetics, biodegradation, diffusion, films, capsules 
o Poly(c-capro1actone)-homopolymers, copolymers, release rates, films, 
capsules 0 Sustained-release systems-biodegradable polyesters, 
poly(c-caprolactone), films, capsules 


Polymer systems for sustained subdermal drug delivery 
may be based on principles of drug diffusion and/or poly- 
mer degradation. The diffusion coefficients of steroids in 
poly(c-caprolactone) and poly (6-caprolactone-co-DL-lac- 
tic acid) are comparable to values reported for poly(di- 
methylsiloxane) and, a priori, these polymers may be used 
in diffusion-controlled delivery systems that biodegrade 
after drug exhaustion (1,2). In contrast, diffusion in poly- 
(DL-lactic acid) is much slower (2); consequently, diffusion, 
leaching, and biodegradation may contribute to the drug 
delivery rates reported in studies of this polymer (3-5). 


This paper describes the release rates of several steroids 
from films and capsules of homopolymers and copolymers 
of t-caprolactone, DL-lactic acid, and glycolic acid in uitro 
and in uiuo and factors that determine the observed ki- 
netics. 


EXPERIMENTAL 


Synthesis-Poly(c-caprolactone), poly(DL-lactic acid), their copoly- 
mers, and poly(DL-lactic acid-co-glycolic acid) were prepared by bulk 
polymerization of the purified monomers at  130’ in uacuo in the presence 


of stannous octoate (50-500 ppm). The polymers were purified by pre- 
cipitation from methylene chloride with methanol, followed by rapid and 
thorough washing with water in a blender’. Copolymer composition was 
determined by NMR spectroscopy. 


Films were prepared by casting a common solution of the steroid and 
polymer in methylene chloride onto a glass plate and spreading with an 
adjustable applicator2. When a thickness greater than 100 pm was re- 
quired, thinner films were stacked and compression molded a t  100-130’ 
to  ensure even drug distribution. Sandwiched films, i.e., a drug-polymer 
layer completely encased by drug-free polymer, were prepared by casting 
a polymer-drug solution on a drug-free polymer film. The resulting 
double-cast film was cut to leave smaller squares, over which a drug-free 
film was cast. The triple film then was cut between the squares. 


Polymer tubing was prepared by melt extrusion or, when limited ma- 
terial was available, by rolling polymer film around a short polytef tube 
and annealing in U ~ C U O  while mechanically rotating the tube about its 
axis. Capsules were prepared by heat sealing the tubing with warm pliers. 
Steroids were micronized3 (<5 pm) and dispersed in a vehicle using a 
tissue grinder (10 min) prior to  capsule filling. 


Release Rate Measurement-Films or capsules were immersed to- 
tally in distilled water (80-400 ml) at  37O. Mixing was accomplished using 
a rotating shake# maintained at 135 rpm. Increasing the shaker speed 
to 195 rpm did not change the release rate. The aqueous reservoir was 
changed daily (capsules) or more frequently (films); where release rates 
were very fast, a flow system was used to keep the aqueous drug con- 
centration low. In most cases, the frequency of solution change was such 
that the drug concentration did not exceed 10% of its aqueous solubility 
and typically was <1%. Drugs were either tritium or carbon 14 labeled, 
and release rates were determined by radioassay. 
In uioo release rates were determined by radioassay of the feces andlor 


urine after subdermal implantation of the films or capsules in female New 
Zealand White rabbits or Chatles River rats uia incisions about the dorsal 
midline. 


THEORETICAL 


The diffusion-controlled release of a drug from a monolithic film or 
slab of unit area into an infinite aqueous sink may be described by Eqs. 
1 and 2. Equation 1 applies when the drug is dissolved completely in the 
polymer (6); Eq. 2 applies when the drug solubility is exceeded and the 


Waring. 


Wig-L-Bug, Crescent Dental Manufacturing. 
Eberbach. 


2 Boston-Bradley. 
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Figure 1-Fraction of progesterone released from poly(e-caprolactone) 
films with different thicknesses and drug loads, plotted as a function 
of (timefCo12)1/2. Solid lines were predicted from Eq. 3 using values for 
the constants listed in the text. The 100-pm films were cast; the 200- 
and 30O-pm films were compression molded. 


solid drug particles are distributed uniformly in the film and are small 
relative to the average diffusion distance (7): 


MtIM,  = ( 4 D , t / ~ l ~ ) ' / ~  for M t I M ,  1 0.6 (Eq. la )  


M , / M ,  = 1 - 8 exp (-r2D,t/l2)/r2 for 0.4 1 MtIM,  11.0 (Eq. lb) 


MtIM,  = [4DeC,t(2Co - C,)/C812]1/2 for CO > C, (Eq. 20) 


MtIM,  = [8DeCstlCo12]'/2 for CO >> C, (Eq. 26) 


where M t  is the cumulative drug released a t  time t ,  M, is the total drug 
content (equals Col) ,  C, is the drug solubility in the polymer, CO is the 
initial drug concentration, 1 is the film thickness, and D, = D d 7 ,  where 
D, is the effective diffusion coefficient and c and 7 are the volume fraction 
and the tortuosity of the polymer, respectively. 


The case where the drug solubility in the polymer is exceeded, i.e., CO 
> C,, was expanded to include the effect of an aqueous boundary layer 
(8,9). The modified kinetic expression is: 


MtIM,  (A2 + Bt)'/* - A (Eq. 3) 


where A equals BD,h,K/D,l, B equals 8 D,C,ICo12, K is the partition 
Coefficient (C8/Csqueous), ha is the aqueous boundary layer thickness, and 
D, is the aqueous drug diffusion coefficient. At  longer times, when Bt 
>> A, Eq. 3 reduces to Eq. 26. 


In contrast to monolithic devices, diffusion-controlled drug release 
rates from a reservoir device are time invariant, provided the difference 
in drug concentrations (AC) on each side of the membrane remains 
constant. The latter condition is met when solid drug remains within the 
device and either a perfect sink or constant drug dissipation prevails 
outside. For a capsule (hollow cylinder) of unit length (centimeters), the 
drug diffusion rate through the walls (ends neglected) is given by (10): 


(Eq. 4) dMldt = 2rD,K AClln(o.d.1i.d.) = 2rD,C,/ln(o.d.li.d.) 


RESULTS AND DISCUSSION 


Poly(c-caprolactone) Films-ln uitro progesterone release rates were 
measured using different initial drug concentrations [Co = 10,20, and 
30% (w/w)] and film thicknesses (I = 100,200, and 300 pm). Release was 
rapid, complete within 24 hr, and consistent with a diffusion-controlled 
process attenuated by an aqueous boundary layer (€49). Illustrative re- 
sults are plotted in Fig. 1 as the drug fraction release (M,/M,) uersus 
(t/Co12)1/2 to normalize the effects of film thickness and drug concen- 
tration predicted by Eqs. 2a,26, and 3. The fact that the rates from the 
100-pm films, CO = 10,20, and 30% (wlw), conform to a single line when 


plotted in this manner shows that Eq. 1 is not valid, ix., Co > C,. Although 
the crystallinity of poly(c-caprolactone) prevented visual confirmation 
of undissolved progesterone, partition measurements showed that pro- 
gesterone solubility in poly(ecapro1actone) is only 1.69% (wlw) (2). 


The initial curvature of the Fig. I plots ( t  < 15 min) is inconsistent with 
Eqs. 2a and 26, unless it is associated with equilibration of the freshly 
immersed polymer film with the aqueous environment. It is probably the 
result of an aqueous diffusion barrier, and Eq. 3 is applicable. The ex- 
perimental data with the 100-pm films could be reproduced by this 
equation (solid line, Fig. 1) using the following constants: D, = 8.3 X 
cm2/sec, D, = 7 X cm2/sec, C, = 1.69 X glg, K = 1200, and ha 
= 19pm. 


The value of D., the aqueous diffusion coefficient of progesterone, is 
estimated using the Sutherland-Einstein equation (11,12); values of K 
and C, are known (2), and ha and D, were chosen to fit the experimental 
data. The derived ha value is comparable to estimates made in similar 
studies (8,9,11). The D, value is only slightly greater than the value of 
3.6 X cm2/sec derived from diffusion cell measurements of the 
progesterone diffusion rate across an unloaded poly(ecapro1actone) film 
(2). 


The release rates from 200- and 300-pm films (1Wo drug load) were the 
same within experimental error when normalized for film thickness but 
significantly greater than the rate from 100-pm films (Fig. 1). The ex- 
perimental results for the 200- and 300-pm films were reproduced by &. 
3 using the given values of D,, C,, K, and ha but with a higher D, of 20.5 
X cm2/sec. This change in D, with film thickness reflected different 
film preparation methods. For practical reasons, the thinner films were 
solvent cast and the 200- and 300-pm films were compression molded. 
When the 100-pm films also were compression molded, the estimated 
diffusion coefficient increased to the value observed with the thicker films 
(Fig. 2). . 


The dependence of D, on the film preparation method is attributed 
to the fact that poly(c-caprolactone) is a partially crystalline polymer (13). 
Thus, the film preparation method will affect the polymer morphology, 
which, in turn, can affect significantly the volume fraction, tortuosity, 
drug solubility, and intrinsic diffusivity of the polymer (14). The degree 
to which the experimental results conform to the theoretical model is 
surprisingly good in view of the assumptions made, particularly the as- 
sumption that the tortuosity and volume fraction are independent of CO 
and the drug fraction released. 


In uiuo Progesterone release from poly(c-caprolactone) films (2 x 1 x 
TO+ cm) was at  least as fast as its excretion rate. Thus, when triplicate 
films containing 10% 3H-progesterone were implanted in the dorsal area 
of two rabbits, the observed tritium urinary excretion rate was essentially 
identical to that observed when progesterone was injected subdermally 
as a sesame oil suspension: 16 hr, 49 f 4%; 40 hr, 78 f 4%. This result is 
consistent with the observed in uitro rates and shows that drug diffusion 
away from the polymer is not impaired by any foreign body reaction. 


0.6L I 


a 300 pm films 
o 100 pm films 


,$ 0.4 


UJ a 


LL 200 300 400 500 100 
(TIMEICo/2)x, hr%/cm 


Figure %-Fraction of progesterone released from poly(t-caprolactone) 
films, compression molded, 10% drug load. Solid lines were predicted 
from Eq. 3 using values for the constants listed in the text, except for 
D, = 24.6 X cm2/sec and ha = 34 pm. 
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Figure 3-In vitro and in vivo progesterone release rates from 
polyfDL-lactic acid) films, 100-pm thickness, 10% drug load. 
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Poly(DL-lactic Acid) Films-Progesterone release from p01y(DL- 
lactic acid) films was much slower and more erratic than from poly(c- 
caprolactone) films. Figure 3 shows the daily progesterone release rate 
from poly(DL-lactic acid) films (CO = 10% 1 = 100 pm) under both in uitro 
and in uiuo conditions. 


The much slower release from poly(DL-1actic acid) is consistent with 
the fact that both the solubility and diffusion coefficients of progesterone 
in this polymer are much lower (2): poly(DL-lactic acid), D, = 5.1 X 
cmZ/sec and C, = 0.65 X g/g; and poly(c-caprolactone), D, = 3.6 X 
10-9 cm*/sec and C, = 1.69 X g/g. However, the fact that the in uitro 
release rate from poly(DL-lactic acid ) was so erratic and not proportional 
to t suggested that leaching and/or polymer degradation might be 
largely responsible for the observed rate. To increase the contribution 
of diffusional release, the progesterone concentration was increased to 
30% (w/w) and the films thickness was reduced to 3 pm. Since this 
thickness was no greater than the size of drug crystallites in the film, 
drug-free 3-pm films were cast on each side of the film to prevent leaching 
by direct contact between the undissolved drug and the aqueous reser- 
voir. 


With this film, the release rate was considerably more rapid, although 
it was still much slower than rates from 100-pm poly(t-caprolactone) 
films. Plots of Mt uersus t were approximately linear after an induction 
period of 1 day in uitro, and similar results were obtained in in uiuo 
monitoring of urinary excretion (Fig. 4). In this case, the induction period 
must be attributed to drug equilibration among the three layers of the 
sandwiched film. A simple calculation using Eq. 3 shows that the aqueous 
boundary layer can be neglected because of the time range covered. The 
smaller slope of the in uiuo plot arises because drug release measurements 
were restricted to urinary excretion with no correction for metabolic losses 
by other routes. 


Since the low permeability of poly(DL-lactic acid) is partly a reflection 
of its high glass transition temperature (57'). the effect of temperature 
on the release rate was of interest. When the in uitro temperature was 
raised from 37 to 60'. the progesterone release rate from the composite 
films increased 250-fold. 


Copolymer Films-Progesterone release rates from films (100 pm, 


I 
1 2 3 4 5 6 
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Figure 4-In vitro (0) and in vivo ( 0 )  progesterone release rates from 
sandwiched poly(DL-lactic acid) films. 


Table I-Predicted Rates  a n d  Duration of Release of Steroids 
f rom Poly(ecapro1actone) Capsules a 


Release Rate, 
pgldaylcm Duration, days 


1.0-mm 2.0-mm 1.0-mm 2.0-mm 
Drug i.d. i.d. i.d. i.d. 


Progesterone 56 27 1 70 58 
Testosterone 35 170 111 92 
Norethindrone 9.3 45 422 352 
Norrestrel 8.7 42 452 377 


0 Assumptions are: 2.4-mm o.d., 50% steroid in diluent, and D, values derived 
from diffusion cell measurements (2). 


10% drug load) of a 6040 copolymer of c-caprolactone and DL-lactic acid 
and a 9010 copolymer of c-caprolactone and glycolic acid were compa- 
rable to rates from poly(t-caprolactone). In contrast, rates from copoly- 
mers of DL-lactic acid and glycolic acid were orders of magnitude slower. 
Four copolymers with 7,14,19, and 21 mole % of glycolic acid were eval- 
uated in uitro as 100-pm films loaded with 10% progesterone. During the 
first 20 days, the cumulative drug released from each film was propor- 
tional to t1l2 and, based on Eqs. 2a and 2b, the rates corresponded to DC, 
values of 0.24 X 0.51 X 0.86 X and 1.08 X g/ 
cm/sec, respectivelg. These values are essentially the same as those of 
poly(DL-lactic acid) determined from diffusion cell measurements (2). 


After 20 and 30 days, the release rate from the two copolymers with 
the highest glycolic acid content (21 and 19 mole 76) began to increase 
substantially until a new linear relationship between the drug fraction 
released and t was established (Fig. 5). Since this transition coincided 
with the mechanical deterioration and fragmentation of the films, it can 
be attributed to polymer hydrolysis and exposure of a larger surface area. 
The linear relationship after fragmentation may well be fortuitous. 


The copolymer films with less glycolic acid (7 and 14 mole 9'0) were 
changed little during 50 days, and the initial progesterone release rate 
was essentially unchanged. 


Since other studies (1) established that the bioerosion onset can be 
tailored by the choice of copolymer composition and molecular weight, 
poly(DL-lactic acid-co-glycolic acid) delivery systems with various kinetic 
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Figure 5-In vitro progesterone release rates from poly(DL-lactic 
acid-co-glycolic acid) films, 100-pm thickness, 10% drug load. 


The progesterone solubility in these copolymers was not determined, but the 
condition that Co > C, could be inferred from the progesterone solubility in the 
homopolymers. 
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Figure 6-In vitro norgestrel release rates from a polyfc-caprolactone) 
capsule, o.d.1i.d. = 2.41 mml2.06 mm, and polymer crystallinity change 
under the same conditions. 


profiles probably can be designed by using copolymer blends. 
Poly(c-caprolactone) Capsules-A priori, the permeabilities of 


poly(e-caprolactone) and its copolymers are such that diffusion-controlled 
delivery of efficacious amounts of a contraceptive agent for 1 year or 
longer is feasible. Table I summarizes rates and durations of release of 
four hormonal steroids from poly(c-caprolactone) capsules, calculated 
from Eq. 4 using known (2) D, and C, values, two different inner diam- 
eters, and an outer diameter of 2.4 mm. An outer diameter of 2.4 mm was 
the maximum size compatible with subdermal insertion. It also was as- 
sumed that the drug was present as a 50% dispersion in an inert carrier. 
The carrier maximizes contact between the drug reservoir and the inner 
surface of the capsule and is necessary to maintain a constant concen- 
tration gradient and release rate (15). 


The calculated rates fall within the range that is believed necessary 
for fertility control by sustained administration of the more potent pro- 
gestins, e.g., norethindrone and norgestrel(16). Furthermore, while the 
duration of release (loadhate) is independent of capsule length and not 
very sensitive to changes in the outside diameter-inside diameter ratio, 
manipulation of the percent dispersion provides a means of varying the 
duration from several months to years. 


In practice, the higher steroid release rates in Table I could not be 
achieved for any significant period. Typically, the kinetics were charac- 
terized by a rapid and substantial rate decline during the first 20 days, 
followed by a much slower, smaller decline over the next 100-200 days. 
An example of this behavior in oitro is shown in Fig. 6. Two reasons for 
the failure to achieve a constant release rate seemed plausible: a perme- 
ability reduction produced by morphological changes in the polymer and, 
alternatively, a reduction in the concentration gradient across the poly- 
mer wall produced by a declining rate of steroid dissolution in the dis- 
pensing agent andlor polymer. 


A declining drug dissolution rate might arise because oE (a) depletion 
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Figure 7-Effect of repacking on release ,rate of ethinyl estradiolfrom 
polyfc-caprolactone) capsules in vitro. 
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Figure &In vitro testosterone release rates (15% dispersion in sesame 
oil) from polyfc-caprolactone) capsules as a function of the ratio of the 
inner and outer diameters of the capsule. 


o f  the smaller drug particles during the initial time period, (b )  aggregation 
of drug particles, or (c) drug recrystallization, producing an increase in 
the crystal size. A classical burst effect (10) was ruled out because the 
kinetics were unchanged if there was no time delay in immersing the 
freshly packed capsule in the aqueous reservoir. A series of experiments 
suggested that the larger release rate decline observed in the first 20 days 
was a reflection of a decreasing drug dissolution rate while the smaller, 
long-term decline was associated with a polymer crystallinity increase. 


The larger decline was observed a second time when the partially de- 
pleted capsule was opened and repacked with freshly micronized drug, 
and the experiment was resumed (Fig. 7). On the other hand, the diffusion 
rates of progesterone and testosterone through a 100-pm poly(c-capro- 
lactone) membrane in water a t  37' did not change when measured daily 
over 10 days using a diffusion cell and efficient stirring. Most impor- 
tantly, it was possible to eliminate the initial release rate decline by in- 
creasing the capsule outside diameter-inside diameter ratio (Figs. 8 and 
9). These results are consistent with the idea that dissolution of these 
steroids becomes slower and will determine the kinetics unless the outside 
diameter-inside diameter ratio is sufficiently large that diffusion through 


PROQESTERONE 


Figure 9-In vitro progesterone release rates (15% dispersion in sesame 
oil) from polyfe-caprolactone) capsules as a function of the ratio of the 
inner and outer diameters of the capsule. 
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caprolactone) capsules can be a function of both the steroid dissolution 
rate and the polymer crystallinity. The influence of steroid dissolution 
rates may be eliminated by appropriate choice of capsule dimensions. 
Methods of controlling the polymer crystallinity will be discussed in a 
later publication. 
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Figure IO-Norgestrel release rates from capsules of polyfc-capro- 
lactone) with different degrees of crystallinity: untreated (45%),  an- 
nealed (Fjl?i>), and pretreated (ijF; and 591;i,). 


the polymer wall is the rate-determining step. Although increasing the 
outside diameter-inside diameter ratio eliminates the initial release rate 
drop, this result obviously is a t  the expense of the maximum rate. 


Morphology is potentially relevant to the constancy of the release rate 
because poly(c-caprolactone) is a semicrystalline polymer subject to slow 
hydrolysis in uitro and in uiuo (1). The resulting molecular weight de- 
crease, coupled with annealing, is associated with a considerable increase 
in crystallinity (Fig. B), which, in turn, reduces polymer permeability. 
The significance of this finding was evaluated by determining the initial 
release rates of norgestrel from capsules with different crystallinities 
corresponding to increasing degrees of  polymer hydrolysis. The release 
rate from capsules pretreated to increase the crystallinity to 51% was 
essentially the same as that observed with unannealed virgin capsules, 
45% crystallinity, over 60 days (Fig. 10). This equality demonstrated that, 
despite a superficial correlation, the initial rapid decrease in release rate 
shown in Fig. 6 was not a manifestation of the crystallinity change but 
of drug dissolution. However, when the crystallinity was increased to 55%, 
the release rate was both lower and essentially constant (12-15 pg/day) 
lor 60 days. Evidently, this increased crystallinity reduced the polymer 
permeability sufficiently so that drug diffusion, not dissolution, became 
the rate-determining process. 


When the polymer crystallinity was increased to 59%, the release rate 
was even lower (6-7 fig/day). These release rate reductions with increasing 
crystallinity explain the longer term changes in release rates in uitro and 
in L’iuo. For example, after 220 days in uitro, the crystallinity of poly(c- 
caprolactone) capsules increased from 45 to 58%. The norgestrel release 
rate after the same time had declined to 6-7 pg/day, which is the rate 
associated with a crystallinity of 58% (Fig. 10). 


In conclusion, the rate and constancy of steroid release from poly(c- 
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thesis (5). The latter compound also has been shown to decrease pros- 
taglandin E synthesis a t  the time that i t  decreases renal blood flow and 
the glomerular filtration rate (2). Since a prostaglandin synthesis re- 
duction can reduce renal blood flow by removing prostaglandin E, an 
endogenous vasodilator (6), the reduction in renal blood flow by oxy- 
phenbutazone could be due to such a mechanism. 


A reduction in sodium and water excretion can occur as a result of such 
a hernodynamic change. Early and Schrier (7) showed that a decrease in 
renal blood flow can alter the distribution of blood flow or physical factors 
to enhance sodium and water reabsorption. 


A decrease in the glomerular filtration rate would also be expected to 
reduce sodium and water excretion. Whether the decrease in the glo- 
merular filtration rate is a consequence of the inhibition of prostaglandin 
synthesis, as is the decrease in renal blood flow and the increase in blood 
pressure (8), or a separate action is not clear. Previous studies with 
prostaglandin synthesis inhibitors showed variable effects on the glo- 
merular filtration rate (2,8). 


Thus, these experiments demonstrate that oxyphenbutazone reduces 
renal blood flow and the glomerular filtration rate during the time that 
it decreases sodium and water excretion. A decrease in renal blood flow 
and the glomerular filtration rate could cause or contribute to the de- 
crease in water and sodium excretion produced by oxyphenbutazone. 
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Abstract  T o  investigate if vitamin B,j inhibits prolactin release and 
to compare this effect to that of bromocriptine, a known suppressor of 
prolactin release, a study was conducted in male rats. Animals were 
pretreated with pyridoxine hydrochloride, pyridoxal hydrochloride, sa- 
line, or bromocriptine 30 min prior to receiving varying doses of chlor- 
promazine hydrochloride. Blood samples were obtained 90 min later and 
analyzed for serum prolactin by a double-antibody radioimmunoassay. 
Another study involved pyridoxal hydrochloride and saline pretreatments 
:I0 min prior to doses of chlorpromazine hydrochloride. Blood samples 
collected 60 min later were also analyzed for serum prolactin. Pyridoxine 
hydrochloride significantly suppressed the chlorpromazine-induced 
prolactin rise (p < 0.01). However, the suppression was significantly less 
than that produced hy bromocriptine (p < 0.01). Pyridoxal hydrochloride, 
another natural form of vitamin Bs, failed to suppress prolactin under 
the conditions of both studies. This investigation may lend support to 
the concept that  pyridoxine hydrochloride partially inhibits prolactin 
by a mechanism not involving dopamine. 


Keyphrases Pyridoxine-effect on chlorpromazine-induced serum 
prolactin rise, rats Chlorpromazine-induction of serum prolactin rise, 
effect of pyridoxine, rats 0 Prolactin-chlorpromazine-induced rise, 
effect of pyridoxine, rat... 


In 1973, Foukas (1) suggested that oral pyridoxine 
suppressed lactation within 7 days in 95% of postpartum 
women. This finding was supported by Marcus (2) but not 
by other investigators (3-6). Pyridoxine reduction of serum 
prolactin levels in the galactorrhea-amenorrhea syndrome 
has been reported (7,8).  Other studies showed that pyri- 
doxine has no effect on elevated plasma prolactin levels 
due to various causes, including two subjects with chlor- 
promazine-induced hyperprolactinemia and galactorrhea 


(9,lO). However, Reiter and Root (11) observed a signifi- 
cant decrease in plasma prolactin in children following 
intravenous pyridoxine. 


An in uitro investigation indicated that pyridoxine 
possessed some inhibitory effect on prolactin release from 
whole rat pituitary culture (12). Harris et al. (13) demon- 
strated that pyridoxine suppressed the plasma prolactin 
rise associated with proestrus and thyrotropin-releasing 
hormone stimulation in the rat. More recently, Husami et 
al. (14) presented evidence that high pyridoxine doses 
affected neither prolactin secretion nor lactation in hu- 
mans, monkeys, and rats, including animals stimulated 
with thyrotropin-releasing hormone. 


The present study was undertaken to determine the 
effects of pyridoxine and pyridoxal, two natural forms of 
vitamin Bk, on chlorpromazine-induced prolactin secretion 
in rats (15) and to compare the inhibition by these vitamins 
with the effects of bromocriptine, a known potent inhibitor 
of prolactin release (16). 


EXPERIMENTAL 


Two hundred and forty male Spmgue-Dawley adult rats’, 245-280 g, 
were divided into four equal groups. The rats were housed for 21 days 
prior to the study in a temperature-controlled ( 2 3  f :j0) artificially illu- 
minated (lights on from 7:W am to 7:OO pm daily) room. The animals were 
given food’and water a d  libitum. Each group was intraperitoneally in- 
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jected between 12:30 pm and 2:OO pm with 0.5 ml of aqueous solution 
containing 75 mg of pyridoxine hydrochloride?, 75 mg of pyridoxal hy- 
drochioride3,l mg of bromocriptine4, or normal saline5. 


Thirty minutes following pretreatment of each group, serial dilutions 
oi chlorpromazine hydrochloride6, ranging from 25 to 1.25 mg/kg, were 
administered intraperitoneally to five subgroups of 10 animals each; the 
remaining 10 animals received normal saline. Blood samples were ob- 
tained by decapitation from the trunk portion 90 min later, previously 
determined as the time of peak serum prolactin response to intraperi- 
toneal chlorpromazine hydrochloride7. 


A further study under similar experimental conditions involved 12 
animals, 245-280 g. Six animals received intraperitoneally 0.5 ml of an 
aqueous solution containing 75 mg of pyridoxal hydrochloride; the other 
six received an equal volume of normal saline. Thirty minutes later, five 
of the six animals from each group received one of five serial chlorpro- 
mazine hydrochloride dilutions ranging from 25 to 1.25 mgkg ip, and the 
other animal received normal saline. Blood samples were obtained by 
decapitation from the trunk portion 60 min later. 


Serum samples for both studies were separated and analyzed for pro- 
lactin by a double-antibody radioimmunoassap based on the principle 
first described by Yallow and Berson (17). All results are expressed in 
terms of National Institute of Arthritis, Metabolism, and Digestive 
Diseases (N1AMDD)-rat prolactin. Each serum sample was assayed in 
duplicate, and the average was taken as representative of the true pro- 
lactin concentration. Statistical significance was determined by a two-way 
fixed analysis of variance, the Student t test, and linear trend analysis 
(18). 


- 


- 
- 


RESULTS 


Figure 1 shows the effects of the different pretreatments on serum 
prolactin levels a t  90 min following varied chlorpromazine hydrochloride 
doses. Replicate 2 X 6 analyses of variance to compare the drugs against 


3 Sigma Chemical, St. Louis, Mo. 
4 Sandoz Laboratories, East Hanover. N.J. 
5 Abbott Laboratories, C h i c a p  111,. 
6 Smith Kline & French Co., arolina, Puerto Rico. 
7 Unpublished data. 


Figure 1-Effects of intraperitoneal 
pyridoxine hydrochloride (75 mg, a), 
pyridoxal hydrochloride (75 mg, O ) ,  
bromocriptine ( I  mg, O ) ,  and saline 
(A) administered 30 min prior to in- 
traperitoneal saline or chlorproma- 
rine hydrochloride (1.25-25 mglkg). 
Serum prolactin determinations were 
made on blood samples collected 90 
min after chlorpromazine treatment. 
Each point represents the mean value 
for 10 animals. Vertical lines show 
standard errors of the mean. 


normal saline showed that serum prolactin was significantly suppressed 
(FI.lo8 = 9.799, p < 0.01) by pyridoxine hydrochloride but not by pyri- 
doxal hydrochloride (F1,ios = 0.026). In a 2 X 6 analysis of variance, 
Ilromocriptine suppressed prolactin (Fl,los = 39.534, p < 0.01) to a much 
greater extent than did pyridoxine hydrochloride. Trend analysis of 
pyridoxine hydrochloride and pyridoxal hydrochloride revealed that the 
el'l'ects of increasing drug concentrations were significantly linear (F1,54 
= 29.89, p < 0.01, and F1,54  = 1 1 8 . 2 4 , ~  < 0.001, respectively). 


While pyridoxal hydrochloride was not significantly different from 
normal saline, it resemhled the more effective pyridoxine hydrochloride 
in its concentration effects. In a further study to compare the effects of 
pyridoxal hydrochloride and normal saline pretreatments on serum 
prolactin levels a t  60 min following varied chlorpromazine hydrochloride 
doses, the mean serum prolactin levels of both groups were not signifi- 
cantly different (135.4 f 40.8 ( S E )  uersus 72.7 f 29.7 ( S E )  ng/ml. re- 
spectively; t = 1.14, d /  = lo]. 


DISCUSSION 


Serum prolactin levels are largely controlled by a hypothalamic pro- 
lactin-inhibiting factor related to dopamine and, indeed, may be dopa- 
mine, and, to a lesser extent, by a prolactin-releasing factor also hy- 
pothalamic in origin (19). Pharmacological agents that reduce serum 
prolactin levels include dopamine agonists such as bromocriptine and 
dopamine-replenishing agents such as levodopa (20). Although both 
hromocriptine and levodopa also may transiently increase the prolactin 
clearance from plasma by stimulating its uptake into peripheral receptor 
sites, their exact inhibition mechanisms are not fully known (21). 


Pyridoxine hydrochloride, in a pharmacological dose, exhibited some 
inhibitory effect on the serum prolactin rise induced by varied chlor- 
promazine hydrochloride doses. This suppression was significantly less 
than that produced by bromocriptine. On the other hand, i ts  biologically 
equivalent form, pyridoxal hydrochloride, did not significantly alter 
prolactin secretion. 


The manner by which pyridoxine hydrochloride exerts its prolactin 
inhibitory effect cannot he determined from the present data. It has been 
suggested that pyridoxine enhances hypothalamic dopamine synthesis 
through its metabolism to pyridoxnl phosphate, the coenzyme for the 
conversion of dopa to dopamine by dopa decarboxylase (1,2,7,8).  This 
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theory is based on the widely quoted explanation of Duvoisin et al. (22) 
for their finding that pyridoxine reduces or abolishes the antiparkin- 
sonian effect of levodopa. They suggested that pyridoxine, in the form 
of pyridoxal phosphate, increases decarboxylase activity so that more 
levodopa is converted to dopamine in the periphery and less is available 
to penetrate into the central nervous system. However, this mechanism 
was refuted by Johnson et al. (23), who found no evidence of decarbox- 
ylase facilitation in levodopa-treated Parkinsonian patients receiving 
pyridoxine. These investigators offered the formation of a Schiff‘s base 
complex between pyridoxal phosphate and dopamine (24,25) and other 
mechanisms (26) as alternative explanations. 


Harris et al. (13) suggested that pyridoxine hydrochloride directly 
inhibits prolactin release and that dopamine involvement is unlikely. The 
present results may support the concept of direct prolactin inhibition 
by pyridoxine hydrochloride since pyridoxal hydrochloride also can be 
readily metabolized to the active form of the vitamin that serves as the 
coenzyme in the conversion of dopa to dopamine. In addition, although 
studies with radioactive tracers showed that  an equilibrium between all 
active vitamin Be forms is established in the mammalian organism, this 
equilibrium does not result when large doses are given (27, 28). Even 
though the effects of pyridoxal hydrochloride on chlorpromazine hy- 
drochloride-induced prolactin secretion were tested at two different time 
intervals, a different sampling time may reveal a prolactin-suppressant 
effect for this form of the vitamin. 


Clarification of the mechanism(s) by which pyridoxine hydrochloride 
partially inhibits prolactin secretion requires further study. 
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Abstract o Two improvements in propranolol resolution were devel- 
oped. Both the (+)- and (-)-di-@- toluoy1)tartaric acids were used as the 
resolving agents. This procedure reduced the number of crystallizations 
needed to obtain a pure product. Furthermore, synthesis of the resolving 
agent was improved. 


Keyphrases 0 Propranolol-racemic mixtures, resolution of enantio- 
mers, (+)- and (-)-di-(p-toluoy1)tartaric acids used as resolving agents 
o Enantiomers-propranolol, resolving agents 


Propranolol (I) [ 1-isopropylamino-3-( 1-naphthoxy)- 
2-propanol1, the principal commercially available 6- 
adrenergic blocking agent, is usually supplied as the ra- 
cemic compound’. The (-)-isomer has as much as 60 times 


~~ 


Available as (*)-propranolol hydrochloride (Inderal) 


greater @blocking activity than the (+)-isomer (I). Not 
only can there be significant differences in the pharma- 
cological activity of the enantiomers, but, as has been 
shown for other drugs, there also can be significant meta- 
bolic differences (2,3). 


DiSCUSSION 


There is only one preliminary report on the metabolism of propranolol 
enantiomers (4). In preparation for a metabolic study in humans, two 
improvements in the overall procedure for resolution of these enantiomers 
were made. First, preparation of the resolving agent [di-(p-toluoy1)tar- 
taric acid ( I I ) ]  was modified. In contrast to the original report (51, the 
agent was found to be insoluble in pure benzene. Moreover, the customary 
spectral data were not reported and are included here. 


Second, in the original report on racemic propranolol resolution (I), 
only the (-)-di-(p-toluoy1)tartaric acid was used to  resolve both enan- 
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a delay between disappearance from the lumen and appearance in the 
blood, are in agreement with previous studies (12), which indicate that 
the greater a compound’s lipophilicity, the longer will be its holdup in 
the intestinal wall and the less will penetrate to the serosal side of the 
mem brane. 


Finally, as is expected with longer holdup, the ester is more extensively 
metabolized than is the acid, as indicated by TLC. With dinoprost, the 
main metabolites are 15-ketodinoprost and 13,14-dihydro-15-ketodi- 
noprost. As the experiment progressed, the metabolism decreased (Fig. 
7). With the ester, four main metabolites are seen: dinoprost, 15-keto- 
dinoprost, 13,14-dihydro-15-ketinoprost, and 13,14-dihydrodinoprost. 
Although the amount of intact ester entering the blood increased slightly 
as the experiment progressed, the total metabolism increased, as indi- 
cated by the increase in 13.14-dihydrodinoprost in the circulation. 


In summary, intestinal prostaglandin absorbed appears to have at least 
three phases. First, prostaglandins appear to diffuse rapidly from the gut 
lumen into the intestinal wall. Second, once in the gut wall, time is re- 
quired for the compound to reach the other side of the cell. During this 
transcellular movement, the compound appears to be extensively, al- 
though not completely, metabolized. The duration of this second phase 
appears to be directly related to lipophilicity. Third, the compound and 
its metabolites are released into the mesenteric circulation. Prostaglandin 
esters apparently are released slower and over a longer period than the 
parent acids; however, they also undergo more extensive metabolism. 


This study demonstrated differences in dinoprost and dinoprost 
methyl ester absorption patterns in the rat. However, these differences 
were not in agreement with the hypothesis that prostaglandin esters are 
absorbed faster than the parent prostaglandins in this species. 
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Abstract The bioequivalence of four conjugated estrogens tablets USP 
was compared by measurement of seven estrogens or estrogen metabolites 
in the urine during steady-state dosing in postmenopausal women. Two 
studies compared three generic products with the innovator’s product. 
The urinary excretion of 17a-dihydroequilin, 17a-dihydroequilenin, and 
17a-estradiol were significantly greater in all cases with the innovator’s 
product than with the generic products. Statistically significant differ- 
ences between products were observed occasionally for other components. 
The generic products thus were hioinequivalent to the innovator’s 
product, although all products essentially met current compendial 
specifications. A third study observed no significant differences between 
three batches of the innovator’s product for the seven components. Total 
conjugated estrogens excretion of all products at the steady state was 


Conjugated estrogens of natural origin are composed 
of a t  least nine different estrogens or estrogen metabolites, 
each present in a different amount. The USP monograph 
for conjugated estrogens (1) contains specifications for 
total conjugated estrogens and for the two most abundant 
components, sodium estrone sulfate and sodium equilin 
sulfate. The sodium estrone sulfate specification is 5045% 
and the sodium equilin sulfate specification is 20-35% of 
the total conjugated estrogens content. The monograph 
does not contain quantitative specifications for additional 
components, although an identification test (2) requires 
the presence of a prominent GLC peak for 17a-dihydro- 
equilin and additional peaks for 17a-estradiol, l7P-di- 
hydroequilin, equilenin, 17P-estradiol, and 9-dehydro- 
estrone. 


essentially equal and correlated with neither disintegration time nor 
dissolution half-time. Bioinequivalence between products is discussed 
in relation to the need for an  improved USP conjugated estrogens 
monograph. Evidence suggesting the metabolism of a fraction of dosed 
estrone, equilin, and l7a-dihydroequilin to 17P-estradiol, 17P-dihy- 
droequilin, and 17a-dihydroequilenin, respectively, is presented. 


Keyphrases 0 Estrogens, conjugated-bioinequivalence of generic and 
proprietary products, postmenopausal women Rioequivalence-con- 
jugated estrogens, bioinequivalence of generic and proprietary products, 
postmenopausal women 0 Product substitution-estrogens, conjugated, 
bioinequivalence of generic and proprietary products, postmenopausal 
women 


Broad content ranges are specified for sodium estrone 
sulfate and sodium equilin sulfate. The content of the third 
major component, sodium 17a-dihydroequilin sulfate, 
which by GLC is 15% of the total estrogens in the innova- 
tor’s product, is unspecified; the specification for this 
component is an imprecise and nonquantitative identifi- 
cation test. A similar requirement is made for minor 
components. 


Pharmaceutical equivalents are defined (3) as “drug 
products that contain identical amounts of the identical 
active drug ingredient. . . .” Drug product compliance with 
compendial standards is generally assumed to assure 
pharmaceutical equivalence (4). A consequence of the 
broad or nonquantitative specifications for both major and 
minor components is that compendial standards may not 
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Table I-Estrogens Content Determined by USP XIX Assay Method, Disintegration Times, and  Dissolution Half-Times of Conjugated 
Estrogens Tablets USP * 


Sodium Estrogen Sulfate Content, mghablet 
Product Total 


or Conjugated Disintegration Time, min Dissolution Half-Time, min 
Batch Estrone Equilin Estrogens Mean Range Mean Range 


P1 0.70 
A 0.82 


P2 0.69 
B 0.74 
C 0.75 


P3 0.66 ~~ 


P4 
P5 


...~ 


0.67 
0.69 


0.38 
0.34 


0.35 
0.33 
0.34 


0.36 
0.38 
0.37 


Study I 
1.29 23.0 19-29 
1.24 28.2 25-31 


Study I1 
1.31 41.3 36-49 
1.18 22.5 18-30 
1.20 74.5 69-81 


24.5 23.4-25.9 
55.5 48.4-64.7 


119 101-138 
89.1 54.3-123 


b - b - 


Study 111 
1.27 56.2 49-67 224 186-287 


1.30 41.8 38-52 24 1 199-284 
1.28 38.9 33-44 164 148-175 


0 The assay for estrogens content, disintegration times, and dissolution half-times used 20, six, and three tablets, respectively, except the disintegration times for P3, 
P4, and P5. which used 24 tablets. * Tablets were unavailable for dissolution half-time determination. 


assure the pharmaceutical equivalence of conjugated es- 
trogens products. 


A previous publication ( 5 )  presented a sensitive and 
specific method to quantitate seven estrogens or estrogen 
metabolites in the urine of postmenopausal subjects after 
dosing to the steady state. The usefulness of the urinary 
excretion profile in assessing the bioinequivalence of 
conjugated estrogens products from multiple sources was 
discussed. The present investigation examined the bio- 
inequivalence of four conjugated estrogens products based 
on their urinary excretion profiles. The innovator’s product 
and three generic products, all of which meet or nearly 
meet current compendial specifications, were studied. The 
purpose of this study was to investigate the extent to which 
adherence of these products to cornpendial specifications 
assures their bioequivalence. 


EXPERIMENTAL 


The results of Studies 1-111, conducted a t  intervals of 1 year, are re- 
ported. 


SubjeetgEleven, 12, and eight postmenopausal women were selected 
for Studies I, 11, and 111, respectively. A physical examination and medical 
history were obtained for each subject. The postmenopausal syndrome 
was established by documented physiological or surgical menopause of 
long duration and anestrogenism was established by colpocytogram. Each 
subject in Studies I1 and 111 was requested to take no medication other 
than the conjugated estrogens. Each subject signed a voluntary informed 
consent form. 


Study I-The two physiologically menopausal subjects’ ages were 51 
and 54 years, and the nine surgically menopausal subjects’ average age 
was 50 years (range 44-61). The average weight of all subjects was 65 kg 
(range 54-91). Serum biochemistry tests’ and urinalyses* (pH, glucose, 
and protein) were conducted to assure normal liver and kidney function. 
Nine subjects were concomitantly receiving thyroid replacement hor- 
mones, digoxin, or an oral hypoglycemic agent. 


Study 11-The eight physiologically menopausal subjects’ average age 
was 52 years (range 50-57). and the four surgically menopausal subjects’ 
average age was 44 years (range 37-54). The average weight of all subjects 
was 62 kg (range 5473) .  All subjects were in good health, established by 
physical examination, serum biochemistry tests’, and urinalyses2 (pH, 
glucose, and protein). 


Study Ill-The four physiologically menopausal subjects’ average age 
was 53 years (range 51-56), and the four surgically menopausal subjects’ 
average age was 35 years (range 29-38). The average weight of all subjects 
was 65 kg (range 51-94). The good health of the subjects was established 
as in Study 11. 


SMA 12/60. 
2 Combistix, Ames Co., Elkhart, Ind. 


Protocol-Study I-The study was divided into four consecutive 
phases of 28,21,14, and 21 days. The first phase was a washout period 
to permit urinary estrogen levels of those subjects previously taking es- 
trogen medication to return to baseline levels. A t  the end of this phase, 
a 24-hr urine sample was collected from each subject. 


During the second phase, each subject received a 2.5-mg dose (as two 
1.25-mg tablets) of conjugated estrogens daily for 21 days. Each subject 
received Treatments PIJ and A (generic product) in a randomized two- 
way crossover design. Each subject was instructed to select a time for 
dosing each morning and to take the dose at  the same time each morning. 
On any day between Days 16 and 20 inclusive, a 24-hr urine sample was 
collected from each subject beginning a t  the time of dosing. The third 
phase was a washout period; a 24-hr urine sample was collected on any 
day between Days 11 and 13 inclusive. The fourth phase was the second 
half of the crossover design. 


Diet was unrestricted throughout the three studies. 
Study 11-The study was divided into four consecutive 28-day phases. 


The first phase was a washout period; a 24-hr urine sample was collected 
from each subject during the latter part of the 4th week. Each subject 
received two 1.25-mg tablets of conjugated estrogens daily for 21 days 
during the last three phases. Each subject received Treatments P24, B 
(generic product), and C (generic product) in a randomized three-way 
crossover design. Each subject was instructed to select a time for dosing 
each morning and to take the dose at the same time each morning. On 
Days 17-19, three consecutive 24-hr urine samples were collected from 
each subject, beginning at the time of dosing. In accord with the recom- 
mended cyclic dosing schedule, no medication was administered during 
the last 7 days of the last three phases. 


Study Ill-The study design was similar to that of Study 11. Six 
subjects were common to Studies I1 and 111. A shorter washout phase of 
a t  least 18 days was allowed for these six subjects. Each subject received 
Treatments P35, P46, and P57 in a randomized three-way crossover de- 
sign. 
In Vitro T e s t g T h e  content and disintegration times of each product 


and batch were determined for conformity to USP specifications. Sodium 
estrone sulfate, sodium equilin sulfate, and total conjugated estrogens 
were determined by the spectrophotometric method described in the 
USP. Disintegration times were determined by the procedure for plain 
coated tablets described in the USP (6). The content of nine individual 
sodium estrogen sulfates was determined by a GLC method (7). 


Dissolution half-times were determined utilizing USP Dissolution 
Method I1 (8). The dissolution medium was simulated gastric fluid TS, 
1000 ml, and the stirring speed was 150 rpm. Based upon preliminary 
studies, at least six 10-ml samples were withdrawn a t  times above and 
below the dissolution half-times for each product or batch. The dissolu- 
tion medium was not replaced after sampling. Results were determined 


:’ Premarin conju ated estrogens tablets USP, batch 108984, Ayerst Labvratories, 
Montreal, Quebec, 8anada 


Premarin conjugated estrogens tablet; IJSP, batch D403 WXA, Ayerst Lab- 
oratories, New York, N.Y. 


Premarin conjugated estrogens tablets USP, batch El24 BFA, Ayerst Labo- 
ratories, New York. N.Y. 


ti Premarin conjugated estrogens tablets USP, hatch A176 AFP, Ayerst Labo- 
ratories, New York, N.Y. 


Premarin conjugated estrogens tablets USP, hatch ,1203 CLB, Ayerst Labo- 
ratories, New York, N.Y. 
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Table 111-Mean Steady-State Urinary Estrogen Levels Over 24 hr for  11 Subjects Receiving Treatments P l  and A Conjugated 
Estrogens Tablets (Study I) 


Sodium Estrogen Sulfate" 
17a-ED 17b-ED 17a-DHEQ 178-DHEQ 17a-DHEQN ES EQ Total - .  


Mean endogenous levelsb, pg/24 hr 7.0 10.9 1.5 2.0 3.5 10.0 5.9 40.8 
Treatment meansbSc, pgf24 hr 


P1 22.8 102.2 23.0 32.3 77.5d 339.1 25.0 621.9 
A 9.2 86.9 1.5 25.2 18.7d 406.7 28.1 576.3 


Probability of difference between treatment averages p = 0.064 N.S.' p < 0.01 N.S. p <0.001 p < 0.05 N.S. - 


a Abbreviations are as follows: 17a-ED, 17a-estradiol; 178-ED, 17B-estradiol; 17n-DHEQ, 17a-dihydroequilin: 17B-DHEQ. 178-dihydroequilin; 17n-DHEQN, 17a- 
dihydroe uilenin; ES, estrone; and EQ, equilin. Values are uncorrected for endogenous levels (Tables 
Ill-V). d(talues represent the data of 10 subjects only. Not statistically significant a t  p < 0.05 (Tables 111-V). 


Table JV-Mean Steady-State Urinary Estrogen Levels over Three Consecutive 24-hr Periods for 12 Subjects Receiving Treatments 
P2, B, and C Conjugated Estrogens Tablets (Study 11) 


Values are uncorrected for analytical losses (Tahles 111-V). 


Sodium Estrogen Sulfate" 
17a-ED 17@-ED 17a-DHEQ 17p-DHEQ 17a-DHEQN ES EQ Totalb 


Mean endogenous levels, pgf24 hr 
Treatment means, pgf24 hr 


P2 Day17 
Day 18 
Day 19 
Mean 


B Day 17 
Day 18 
Day 19 
Mean 


C Day 17 
Day 18 
Day 19 
Mean 


Probability of differences among treatment averages 
Student t testd 


P2 versus B 
P2 versus C 


10.0 


32.7 
30.3 
32.0 
31.7 
19.8 
18.2 
15.5 
17.8 
20.0 
20.0 
21.3 
20.4 


p < 0.01 


p <0.01 
P < 0.01 


9.2 1.6 


65.8 26.6 
69.1 20.2 
67.6 25.2 
67.5 24.0 
68.4 6.2 
69.4 3.9 
78.6 4.1 
72.1 4.7 
89.2 6.6 
85.4 3.4 
82.0 13.2 
85.5 7.7 


p < 0.01 


N.S. p <0.01 
P < 0.01 


p < 0.01 


D < 0.05 


1.3 


28.1 
25.5 
28.5 
27.4 
26.5 
26.8 
28.3 
27.2 
30.4 
27.8 
25.8 
28.0 
N.S. 


- 
- 


3.9 


72.2 
66.5 
69.4 
69.4 
21.5 
26.7 
24.2 
24.1 
26.3 
24.5 
20.0 
23.6 


p < 0.01 


p < 0.01 
P < 0.01 


8.1 


330.2 
341.OC 
319.9' 
330.4 
349.6 
353.7 
357.5 
353.6 
427.5 
390.2 
330.2 
382.6 
N.S. 


- 
- 


3.4 37.5 


15.0 549.3 
13.3c 565.7 
14.5c 545.1 
14.3 553.4 
11.0 507.5 
13.0 507.6 
9.3 523.1 


11.1 512.7 
10.0 608.8 
12.6 566.4 
9.4 503.1 


10.7 559.4 
N.S. - 


See footnote a of Table 111. b Totals for the treatment means represent the data of 11 subject, only. Values represent the data of 11 subjects only. d With the Ronferroni 
adjustment for multiple comparisons. 


Table V-Mean Steady-State Urinary Estrogen Levels over Three Consecutive 24-hr Periods for  Eight Subjects Receiving 
Treatments P3, P4. and P5 Conjugated Estrogens Tablets (Study 111) 


Sodium Estrogen Sulfate" 
17a-ED 170-ED 17a-DHEQ 17p-DHEQ 170-DHEQN ES EQ Total 


Mean endoeenous levels. ue/24 hr 24.6 30.9 -b - 5.1 7.7 5.4 - b 


Treatment means, pg/24 h; 
P3 Day 17 


Day 18 
Day 19 
Mean 


P4 Day17 
Day 18 
Day 19 
Mean 


P5 Day 17 
Day 18 
Dav 19 


41.9 81.0 26.5 32.3 70.3 375.4 11.5 639.0 
46.4 74.7 24.9 27.8 66.5 341.7 12.4 594.3 
43.4 85.5 24.8 30.0 70.9 379.2 13.6 647.4 
43.9 80.4 25.4 30.0 69.2 365.4 12.5 626.9 
53.3 82.6 36.7 36.2 85.9 382.9 15.4 692.9 
45.6 70.2 31.3 31.4 80.0 360.5 10.9 629.8 
45.6 76.6 32.9 32.8 92.5 369.0 11.7 661.1 
48.2 76.5 33.6 33.5 86.1 370.8 12.7 661.3 
47.5 89.2 31.1 32.0 73.4 384.6 11.3 669.1 
48.5 93.2 32.8 33.0 75.1 375.3 12.1 669.9 
47.1 82.1 33.5 34.7 69.4 401.3 10.5 678.6 


Mian 47.7 88.2 32.5 33.2 72.6 387.1 11.3 672.5 


The 17a-DHEQ region was masked in six of eight Phase I samples; the 17B-DHEQ region was masked in five of eight samples. Correction 


Probability of differences among treatment averages N.S. N.S. N.S. N.S. N.S. N.S. N.S. - 


for endogenous levels is made using the values obtained in Study 11. 
See footnote a of Table 111. 


of endogenous levels. In this manner, absolute comparisons of excreted 
estrogens as a function of dose could be made for the combined studies. 
The absence of information about the specific conjugate estrogen forms 
excreted does not allow determination of pertinent percentage recovery 
data. Therefore, the values reported in Tables 111-V and subsequent 
values calculated from these data are not corrected for analytical 
losses. 


The primary advantage of steady-state bioinequivalence studies for 
the conjugated estrogens is the ability to obtain the highest possible es- 
trogen levels in the biological samples with normal doses while adhering 
to the recommended cyclic drug dosing schedule. Inadequate knowledge 
of the elimination pathways and their rates for each estrogen prohibited 
estimating the time of attainment of the steady state upon daily dosing. 
Therefore, samples were collected late in the normal 21-day dosing cycle, 
on a single day between Days 16 and 20 inclusive (Study I) or on Days 
17-19 (Studies I1 and 111). 


The daily changes in excreted amounts of each estrogen or estrogen 
metabolite (Day 18 minus Day 17 and Day 19 minus Day 18) were not 
significantly different from zero. Therefore, the steady state was reached 
by Day 17, and each study was performed under steady-state condi- 
tions. 


Metabolic Interconversions-Although metabolism studies were 
not an objective of the present work, the excretion of three of the seven 
components in greater than dosed amounts permitted tentative assign- 
ment of their conjugated estrogens origin. The high levels of 17fi-estradiol 
in the urine appear to reflect the well-established metabolic reduction 
of estrone in humans (15). The amount of 17@-dihydroequilin found in 
the urine was essentially constant among all products tested and inde- 
pendent of the 17@-dihydroequiIin content of these products. Also, levels 
of 170-dihydroequilin in the urine exceeded the dosed amounts of this 
component in the generic products and the dosed amounts of 17p-dihy- 
droequilenin in all products. The apparently constant excretion suggests 
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Figure 2-Summation of estrone and 17P-estradio1, expressed as the 
sodium estrogen sulfates, excreted in the urine per day at the steady 
state during daily dosing with two 1.25-mg conjugated estrogens tablets 
IJSP. Values are corrected for endogenous levels. Key: see Fig. 1 .  


origin from equilin, the tablet content of which was relatively constant 
for all products. This metabolic conversion is analogous to the reduction 
of estrone to 17P-estradio1, the only structural difference being the 
presence of a double bond in the B ring of equilin and 17P-dihydroequilin. 
The reduction of equilin to 17P-dihydroequilin was observed previously 
in dogsg. 


The amounts of 17a-dihydroequilenin excreted in the urine are gen- 
erally greater than the dosed amounts. Possible sources of this compound 
are 17c~-dihydroequilin, equilin, and equilenin. The equilin and equilenin 
content of all products is relatively constant, whereas the content of 
17a-dihydroequilin is much greater in the reference product than in the 
generic products. A highly significant correlation was observed between 
the 170-dihydroequilin dose and the amount of 17a-dihydroequilenin 
excreted (Fig. 1). Approximately 12% of 170-dihydroequilin in urine 
samples is oxidized to 17a-dihydroequilenin during assay (5 ) .  This 
amount would not account for the observed recovery of 17a-dihydro- 
equilenin in the urine and suggests oxidative metabolism of a portion of 
the dosed 17a-dihydroequilin. 


Product  Bioinequivalence-The mean endogenous estrogen levels 
and levels of seven estrogens and estrogen metabolites and their totals 
excreted during dosing are presented in Tables 111-V. Analyses of vari- 
ance revealed no significant differences in urinary excretion among 
Treatments P3, P4, and P5 for the seven estrogens (Table V). These three 
treatments were three batches of the innovator’s product manufactured 
in March, June, and September of 1976 and represented production over 
a full raw material collection season. 


Analyses of variance revealed significant differences in urinary estrogen 
levels between the innovator’s product and the generic products for 
certain estr :ens or estrogen metabolites (Tables I11 and IV). Levels of 


Figure 4-Summation of I7a-dihydroequilin and 170-dihydroequi- 
lenin, expressed as the sodium estrogen sulfates, excreted in the urine 
per day at the steady state during daily dosing with two 1.2.5-mg con- 
jugated estrogens tablets USP. Values are corrected for  endogenous 
levels. Key: see Fig. I .  


17u-estradiol after dosing with the three generic products were signifi- 
cantly lower than after dosing with the reference product ( p  = 0.064, 
Treatment A; p < 0.01. Treatments B and C ) .  Levels of 17a-dihydro- 
equilin and 17a-dihydroequilenin were also significantly lower with the 
generic products ( p  < 0.01, Treatments A-C, l7a-dihydroequilin; p < 
0.001, Treatment A, p < 0.01, Treatments B and C, 170-dihydroequi- 
lenin). Levels of estrone were significantly higher after dosing with 
Treatment A than after dosing with the reference product ( p  < 0.05). 
Levels of 17P-estradiol were significantly higher after dosing with 
Treatment C than after dosing with the reference product ( p  < 0.05). 


The discussed metabolic relationships provided a basis for separating 
the urinary excretion of the conjugated estrogens components into groups 
(Figs. 2-4). Exceedingly small amounts of 17a-estradiol were observed 
in the urine of a premenopausal woman (16), possibly as a consequence 
of estrone metabolism. In the present study, the absence of a correlation 
with dosed estrone, the good correlation with dosed 17a-estradio1, and 
the mean recovery of only 24.2% of the dose suggest that dosed 17a-es- 
tradiol is the source of the excreted compound. Thus, 17n-estradiol was 
categorized separately (Fig. 5). 


Figure 2 indicates relatively small differences between products in the 
summation of estrone and 17P-estradiol. Of the six instances in which 
differences between the reference and generic products are possible for 
these compounds, only two comparisons were statistically significant. 
Similarly, relatively small differences between products were observed 
in the equilin plus 178-dihydroequilin group (Fig. 3). No significant 
differences between products were observed within this group. In these 
two groups, variations between the mean urinary estrogen excretion of 
the reference product and of the generic product(s) within Studies I and 
II were less than 20%. Similarly, variations between the mean urinary 
estrogen excretion of the five batches of the reference product and each 
generic product were less than 20%. 1 
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Figure 3-Summation of equilin and 17&dihydroequilin, expressed 
as the sodium estrogen sulfates, excreted in the urine per day at the 
steady state during daily dosing with two 1.25-mg conjugated estrogens 
tablets USP. Values are corrected for  endogenous levels. Key:see Fig. 
1 .  Figure 5-17a-Estradio1, expressed as the sodium estrogen sulfate, 


excreted in the urine per day at the steady state during daily dosing with 
two 1.25-mg conjugated estrogens tablets USP. Values are corrected 
for endogenous levels. Key: see Fig. 1 .  


K. Sestanj and D. Dvornik, Ayerst Laboratories, Montreal, Quebec, Canada, 
unpublished results. 
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Figure 6-Correlation between the daily dose of sodium 17a-dihy- 
droequilin sulfate and the amount of 17a-dihydroequilin, expressed 
as the sodium estrogen sulfate, excreted in the urine per  day (r = 0.95, 
p < 0,001) for each product or batch. Values are corrected for endoge- 
nous levels. Key: see Fig. 1 .  


Urinary excretion of the l7a-dihydroequilin and 17a-dihydroequilenin 
group (Fig. 4) and of l7a-estradiol (Fig. 5) was markedly different be- 
tween the innovator’s product and the generic products. In every case, 
the greater excretion of these components after dosing with the innova- 
tor’s product was statistically significant compared to dosing wibh the 
generic products. The excretion of I7a-dihydroequilin plus 17a-dihy- 
droequilenin of generic Products A, B, and C relative to the reference 
product was 15.9, 26.5, and 29.4%, respectively. Comparable values for 
17a-estradiol excretion from the three generic products relative to the 
reference product were 13.9,35.9, and 47.9%, respectively. 


If urinary estrogen excretion were a measure of relative extent of ab- 
sorption, there should be a linear relationship between dose and urinary 
excretion. This relationship was previously established by demonstrating 
that a t  the 1.25- and 2.5-mg dose levels, constant percentages of the in- 
dividual estrogens were excreted. In the present study, highly significant 
correlations between the four- to fivefold differences in the dose of 
l7a-dihydroequilin and l7a-estradiol among the four products and their 
excretion in the urine were observed (Figs. 6 and 7). These correlations 
confirm previous findings. 


Total estrogen recoveries from all products were similar. Expressed 
as a percentage of the daily dose and calculated as previously described, 
the mean total recovery for all treatments was 19.9 f 1.2 ( S D )  %. The  
extent of absorption and metabolic fate of the conjugated estrogens are 
unknown. However, when solutions of 4-14C-estrone sulfate (6-mg dose) 
and 6,9-3H-equilin sulfate (7-mg dose) were simultaneously ingested by 
two premenopausal volunteers (21 and 22 years old), a total of 70-88s 
of the administered radioactivity was recovered in the urine after 5 dayslo. 
These findings, together with the results of the present study, indicate 
that these estrogens are both well absorbed and highly metabolized. 


The results from Tables I11 and IV and Figs. 4 and 5 clearly indicate 
that the three generic conjugated estrogens products studied are bio- 
inequivalent to the innovator’s product. This bioinequivalence occurs 
primarily as a result of large differences in the urinary 17a-hydroxy es- 
trogen levels. As shown in Figs. 6 and 7, the bioinequivalence of the 
generic conjugated estrogens products relative to the innovator’s product 
is due to differences in estrogens composition among products (Table 
11). The absence of significant differences between batches of the inno- 
vator’s product (Table V) is due to the similar composition of each batch. 
Thus, the bioinequivalence that  occurs among conjugated estrogens 
products is attributable to their pharmaceutical inequivalence. The broad 
content ranges for sodium estrone sulfate and sodium equilin sulfate and 
the inadequate specifications for other components suggest the need for 
more rigorous specifications in the USP conjugated estrogens mono- 
graph. 
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Table 111-Absorption Rate  Constants at pH 4.0 and  Related 
Parameters  for Penicillins 


Molecular 
Weight ka, 


Number Penicillin (MW)" pKab log P i  lo3 min-' 


1 Penicillin V 350.4 2.79 1.95 5.22 
2 Phenethicillin 364.4 2.80 2.20 7.08 


4 
5 
6 
7 Dicloxacillin 470.3 2.76 2.91 16.25 


As free acid. * P,, is the partition coefficient of the undissociated penicillins in 
the octanol-water system. All data were at 37" and taken from Ref. 14. 


perimental values. This finding indicates that the absorption of mono- 
basic penicillins, excluding amphoteric ones such as amoxicillin and cy- 
clacillin (6, 7), follows the common mechanisms of: ( a )  the lipoidal 
membrane transport of the undissociated species permeating the aqueous 
diffusion layer barrier and (b) the apparent first-order transport of the 
ionized species permeating some forms of the harrier almost insensitive 
to antibiotic lipophilicity. 


A previous study (1) revealed that, below pH 6, the intestinal absorp- 
tion rate of propicillin is about 100 times faster than the gastric absorption 
rate. This significant difference is undoubtedly due to the relative surface 
area in the alimentary tract. Naturally, other monobasic /3-lactam anti- 
biotics can be expected to exhibit absorption behavior similar to propi- 
cillin. The present and previous results (1,9) indicate that a small amount 
of these orally ingested antibiotics may be absorbed in the stomach while 
almost all absorption takes place in the duodenum, where the fluid pH 
is relatively lower, and that absorption occurs via passive diffusion of the 
undissociated species, largely dependent on their lipophilicity. A small 
amount may be also absorbed by ionic transport during the slow transit 
through the intestine. Poor absorbability (16) of orally ingested cepha- 
losporins such as cefazolin, the P, of which is about one-thirtieth lower 
than that of penicillin V (17), may be due to the considerable reduction 
o f ' k ,  values effective both in the stomach and upper duodenum. 
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Abstract  Hased on the finding that 3-acetoxy-2-pyridone had re- 
producible activity against murine P-388 lymphocytic leukemia, deriv- 
atives in this series were synthesized and evaluated to determine struc- 
tural parameters important for activity. Of the 32 compounds tested, 10 
were active. At least two oxygen-containing functional groups are required 
for "-388 activity, and the 2,3-isomeric arrangement provides the greatest 
activity. Carbamate or acyloxy groups in the 3-position produced the most 
active 2-pyridones. 


Keyphrases Pyridone derivatives-antineoplastic activity, struc- 
ture activity relationships, mice 0 Antineoplastic agents, potential- 
pyridone derivatives, structure-activity relationships, mice 0 Struc- 
ture- activity relationships-pyridone derivatives, antineoplastic activity, 
mice 


During an investigation of hydroxypyridine derivatives, 
it was discovered that 3-acetoxy-2-pyridone (I) possessed 
reproducible activity against P-388 leukemia in mice. 
There are other scattered reports of pyridone antitumor 
activity. A nucleoside presently undergoing clinical eval- 
uation, which can be classed as a pyridone, is 3-deazauri- 


dine (1, 2). Mimosine, a naturally occurring 4-pyridone, 
was reported as active against Walker 256 carcinosarcoma 
(3) and B16 melanotic melanoma (4). Other pyridones 
studied possess less antitumor activity (5-8). Based on the 
antitumor properties of I, a study was undertaken to de- 
termine the structural parameters important for activity. 


RESULTS AND DISCUSSION 


Compounds I-XXXII were evaluated. 3-Hydroxy-2-pyridone (11) was 
reacted with various acid chlorides, anhydrides, and isocyanates to pro- 
duce %substituted and l$disubstituted 2-pyridones. 2-Pyridone (VII) 
was oxidized to 5-hydroxy-2-pyridone (IV) by the Elbs persulfate reac- 
tion. UV and other spectral data were consistent with those expected for 
2-pyridones (9, 10). The properties of these compounds are shown in 
Table I. 


Antitumor activity was evaluated in the P-388 lymphocytic leukemia 
system using standard protocols (1 1) of the National Cancer Institute. 
Multiple biological tests were carried out with each compound using a 
dose response on the QD 1-9 treatment schedule. Physiological saline 
was the vehicle. Drugs were administered intraperitoneally to mice with 


816 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 7, July 1979 


0022-35491 791 0700-08 16$0 1.001 0 
@ 1979, American Pharmaceutical Association 







Table I-Physical and Chemical Data 


Compound Melting Point Yield, % Formula 
Analysis, % 


Calc. Found 


V 166-168' 


XI 150-151 ' 


XI1 84-88' 


XI11 


XIV 


xv 


XVI 


XVII 


XVIII 


XIX 


xx 


XXI 


XXII 


XXIII 


XXIV 


xxv 


XXVI 


XXVII 


XXVIII 


XXIX 


xxx 


XXXI 


XXXII 


196- 198' 


128-1290 


176-178' 


139-141' 


174-176' 


200-202' 


208' 


269' 


190-192' 


164-165' 


159-160' 


138- 139' 


178-1790 


11 1-1 13' 


190- 192' 


176- 178' 


197-199' 


138-1390 


182-184' 


172-173' 


39 


74 


10 


72 


24 


62 


37 


59 


69 


35 


84 


76 


51 


50 


76 


86 


18 


33 


81 


60 


53 


17 


2 


intraperitoneally implanted tumors. Active compounds are defined (1 1) 
as those that produce a T/C value' equal t o  or greater than 125%. 


Antitumor data for the 10 reproducibly active compounds (k., two 
or more T/C values 1 125%) are given in Table 11. The compounds shown 
in Table I but not Table I1 were inactive in duplicate or two of three 
tests. 


The initial part df this study involved a determination of whether both 


I T/C = (survival time of treated mice/survival time of control mice) X 100%. 


C 54.88 
H 4.61 
N 9.18 
C 57.46 
H 5.42 
N 8.41 
C 57.46 
H 5.42 
N 8.41 
C 60.31 
H 5.06 
N 7.85 
C 61.51 
H 6.71 
N 7.20 
C 70.29 
H 7.01 
N 5.15 
C 52.44 
H 4.95 
N 7.68 
C 66.95 
H 4.21 
N 6.53 
C 61.79 
H 3.46 
N 6.03 c 55.37 
H 3.09 
N 10.81 
C 47.20 
H 2.31 
N 13.82 
C 63.66 
H 4.52 
N 5.73 c 49.97 
H 4.79 
N 16.72 
C 47.96 
H 4.92 


54.85 
4.86 
9.21 


57.20 
5.11 
8.31 


57.19 
5.32 
8.20 


60.36 
5.29 
8.05 


61.40 
6.88 
7.05 


70.08 
6.95 
5.21 


52.18 
5.17 
7.96 


66.83 
4.41 
6.73 


61.85 
3.66 
5.76 


55.66 
3.42 


11.00 
46.90 
2.29 


13.81 
63.52 
4.75 
5.74 


49.87 
5.09 


16.49 
47.71 


5.17 
N 18.12 18.85 
C 52.71 52.74 
H 5.52 5.80 
N 15.43 15.18 
C 60.97 61.14 
H 6.82 6.81 
N 11.90 11.71 


Ci i H i n ~ M J ~ 0 4  C 40.81 40.94 
H 4.49 4.21 
N 13.03 12.84 


CsHioNz03 C 52.71 52.25 
H 5.53 5.44 
N 15.43 15.16 
C 62.57 62.66 
H 4.38 4.40 
N 12.21 12.15 
C 58.04 57.71 
H 3.65 3.84 
N 11.33 11.18 
C 52.44 52.57 
H 4.95 4.89 
N 7.67 7.87 
C 38.08 37.94 
H 3.73 3.70 
N 7.43 7.63 


C7HgN02Sz C 31.45 31.47 
H 3.39 3.44 
N 5.26 5.24 


oxygen functions were necessary for activity and the importance of the 
isomeric relationship of these two groups. 


That none of the monooxygenated pyridine analogs (VII-X) related 
to  I possessed P-388 antitumor activity was readily established. 


Evaluation of the isomeric hydroxy-2-pyridones (111-VI) related to.  
I showed that the 5-hydroxy (IV) but not the 4- or 6-hydroxy (111 or VI) 
analogs were active. This finding is consistent with the chemical similarity 
of the 3- and 5-positions of the pyridine ring. The activity of the 5-acetoxy 
derivative (V) was variable (T/C 132,121, and 119%). Neither 5-hydroxy 
analog was as active as the corresponding 3-substituted isomer. 4-Hy- 
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ho H 


V 


I:  X = 3-OCOCH3 VII: Y = 2-OH 
VIII: Y = 3-OH 


X: Y = 4-OH 


11: X = 3-OH 
111: X = 4-OH 
IV: X = 5-OH 


VI: X = 6-OH 


IX: Y = 3-OCOCH, 


V: X = 5-OCOCH3 


qooKi 
I 
k 


XI: R ,  = COC,H,, R, = H 
XII: R, = COCH,, R, = CH, 


XIII: R, = CO(cyclopropyl),  R, = H 
XIV: R, = CO(tert-butyl) ,  R, = H 
XV: R, = CO(1-adamantyl) ,  R, = H 


XVI: R ,  = COCH,OCH,, R, = H 
XVII: R, = COC6H,, R, = H 


XVIII: R ,  = COC6H,F(4-substituted); R, = H 
XIX: R ,  = COC6H4N0,(4-substituted), R, = H 
XX:  R,  = COC6H,(N0,),(2,4-disubstituted), R, = H 


XXI: R, = COC6H,0CH,(4-substituted), R, = H 
XXII: R ,  = CONHCH,, R, = H 


XXIII: R, = R, = CONHCH, 
XXIV: R, = CONHC,H,, R, = H 


XXVI: R, = R, = CONHCH,CH,CI 
XXV: R, = CONH(cyclohexyl), R, = H 


XXVII: R ,  = CON(CH,),, R, = H 
XXVIII: R; = CONHC6H;, R; = H 


XXX: R,  = COOC,H.. R, = H 
XXIX: R ,  = CONHC6H4F(4-substituted), R, = H 


XXXI: R; = SO,CH,, R; 
XXXII: R, = R, = SO,CH, 


H 


droxy-2-pyridone ( I I I ) ,  the parent base for 3-deazauridine, had no P-388 
activity, in contrast to the activity shown by both that nucleoside and 
I1 in this tumor system. 


With the knowledge that a t  least two oxygen functions were required 
Ior antitumor activity and that 2J-substitution was optimum, several 
derivatives of I1  were planned, prepared, and evaluated. Based on the 
ohservation that I was more active than 11, several different types ofde- 
rivatives were prepared at  the 3-hydroxy position. Most of the derivatives 
were capable of hydrolysis since it was established early in the series that 
the ethers prepared in the 8-position were not active. 


:I-Acetoxy-2-pyridone ( I )  had good activity a t  high doses (Table 11) .  
The parent compound, 3-hydroxy-'2-pyridone (II), also was active but 
somewhat less so than I .  N-Methylation of1 to give XI1 provided an active 
hut toxic compound. 


Variations in the alkyl portion of the acyl group in the 3-position 
produced both active and inactive materials. An ethyl group (XI) pro- 
vided reproducible activity, while the cyclopropyl (VIII), methoxymethyl 
(XVI), tort -butyl (XIV), and adamantyl (XV) compounds were inactive. 
The aryl suhstitution (XVII-XXI), which was chosen to affect the ester 
hydrolysis rate, produced no activity differences and uniformly abolished 
activity. 


The reaction o f  I1  with isocyanates to provide alkyl- or arylaminocar- 
h n y l  analogs (carhamates) produced several active compounds 
(XXII-XXIV, XXVIII, and XXIX). In some instances (XXIII and 
XXVI), N -  as well as 0-suhstitution occurred. The methylamino and 
ethylamino compounds (XXII and XXIV) were active, but the cyclo- 
hexylamino (XXV) and dimethylamino (XXVII) analogs were not. Al- 
though 2-chloroethylisocyanate formed a diadduct (XXVI), which was 
inactive, the methylisocyanate diadduct (XXIII) was one of the most 
active derivatives prepared. Neither the monoadduct (XXXI) nor the 
diadduct (XXXII) f'rom methanesulfonyl chloride was active. While the 
ethylcarhamate (XXIV) was active, the corresponding carhonate (XXX) 
was not. 


'I'his investigation indicates that derivatives of :~-hydroxy-2-pyridone 
can provide moderate activity against P-388 leukemia. At least two 
oxygen functions are required, with the 2,3-isomer being the most active. 


Table  11-2-Pyridones Reproducibly Active against P-388 
Lymphocytic Leukemia a 


Optimum 
Dose b ,  


Compound mglkglday TIC T - Cd 


I 600 
I 1  400 


1v 200 


163 -2.8 
138 -2.4 
128 f 0 . 8  _. . 


XI 400 143 -0.8 
XI1 600 144 -5.0 


XXII 400 153 -4.6 
XXIII 150 161 -3.3 
XXIV 200 129 -1.7 


XXVIII 100 132 -4.6 
XXIX 25 134 -2.0 


0 With 106 cells implanted intraperitoneally in CDFl mice. Dose giving the 
maximum TIC value on the intraperitoneal QD 1-9 treatment schedule. At least 
one other active test (T/C 2 125%) was obtained in a separate, duplicate experiment. 


Weight difference between treated and control animals 5 days after tumor im- 
plant. 


Bioisosteres, 4-pyridones, and pyridone nucleosides are being studied 
currently. Also under investigation is the possibility that biological oxi- 
dation of the hydroxypyridones to quinoid forms may be involved in 
antitumor activity. 


EXPERIMENTAL2 


5-Hydroxy-2( 1 H)-pyridone (1V)-This compound was prepared 
in a 20% yield from 0.4 mole of VII using the Elbs peroxydisulfate oxi- 
dation procedure of Behrman and Pitt  (12). mp 245-250' dec. [lit. (12) 
mp 250-260' dec.]. 
5-Acetoxy-t(lH)-pyridone (V)-To a stirred dry mixture of IV (1.67 


g, 0.015 mole) and pyridine (1.30 ml, 0.016 mole) in dry benzene (10 ml) 
was added acetic anhydride (1.5 ml, 0.016 mole) by syringe through a 
septum. The mixture was refluxed for 26 hr. After the solvent was re- 
moved in uacuo, ethyl acetate was added to the dark-brown semisolid. 
Cooling at :jo gave a gray precipitate, which was decolorized with charcoal 
in a small volume of ethyl acetate-ethanol to give 0.91 g (39%) of a white 
solid,mp 166-168'; N M R  2.27 (s, 3H, CHa), 6.33 (m, l H ,  CH), 6.97 (m, 
2H, CH), and 11.48 (broad, IH, NH) ppm; UV: 306 (log c 3.83) and 231 
(4.05) nm; IR: 1740, 1665, and 1625 cm-1. 


:i-Propionyloxy-2( 1 H)-pyridone (XI)-A mixture of I1 (27.75 g, 0.25 
mole), propionic anhydride (80 ml), and dry pyridine (50 ml) was refluxed 
for 89 hr, and the solvent was evaporated in uacuo to yield a crude solid 
product, which was washed with ethyl acetate. Recrystallization from 
anhydrous ethanol gave white crystals (30.90 g, 74%), mp 150-15lo; NMR: 


and 11.98 (broad, lH,  NH) ppm; UV: 226 (log c 3.79) and 297 (3.81) nm; 
IR: 1760 and 1655 cm-l. 


l-Methyl-3-acetyloxy-2(1 H)-pyridone (XI1)-To a cold, stirred 
solution of I (12.25 g, 0.08 mole) in dry dimethylformamide (50 ml) was 
slowly added (35 min) sodium hydride (50%) mineral nil suspension, 3.86 
g, 0.16 mole) under nitrogen. As the mixture became harder to stir, ad- 
ditional dry dimethylformamide (30 ml) was added. The mixture was 
stirred in an ice water bath for 3 hr, a t  which time methyl iodide (5.05 ml, 
11.51 g, 0.081 mole) was added by syringe over 15 min. Sodium iodide 
separated during the addition. The mixture was stirred for 2.5 hr a t  room 
temperature. Acetic acid (7 ml), followed by portions nf methylene 
chloride, was added. 


The combined methylene chloride extracts were quickly washed with 
water and dried (sodium sulfate). After solvent evaporation in uacun, the 
resulting red oil was distilled (ambient to 150' a t  0.1 torr) to give a yellow 
nil, which was triturated with petroleum ether to remove mineral nil. 
Upon cooling, a solid precipitated. This solid was dissolved in methylene 
chloride and reprecipitated hy addition to petroleum ether. The resulting 
solid was a light-sensitive, white, crystalline material (1.48 g, 10%). mp 


d 1.08 (t, 3H, CHx), 2.48 (m, 2H, CH2). 6.15 (t, lH ,  CH), 7.28 (d, 2H, CH), 


All melting points were recorded on a Thomas-Hoover capillary apparatus and 
are uncorrected. Elemental analyses were performed by the National Institute of 
Arthritis, Metaholism, and Digestive Diseases, National Institutes of  Health, Re- 
thesda. Md. Compounds 1-111, VI, and VII-X were obtained commercially. When 
several compounds were repared by com arable procedures, only one represen- 
tative example is includecfin this section. ieferenceshould be made to'l'able I for 
supplementary information. 


New compounds were identified by NMR, UV. and IR spectra. These spectra 
were determined in dimethyl sulfoxide-ds, 95% ethanol, and Nujol, respectively, 
unless otherwise indicated. NMR data are relative to tetramethylsilane. 
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84-88’ [lit. (13) mp 99-101’]; NMR (deuterochloroform): 6 2.30 (s,3H, 
NCHs), 3.53 (s, 3H, CH3), 6.05, and 7.1 1 (m,  3H, aromatic) ppm; U V  236.5 
(log c 3.65) and 298 (3.94) nm; IR (chloroform): 1775 and 1665 cm-l. 
1,2-Dihydro-2-oxo-cyclopropanecarboxylic Acid-3-pyridinyl 


Ester (XIII) (General Procedure for XV, XVI, XVIII-XXI. XXVII, 
XXX. and  XXX1)-A mixture of I1  (5.56 g, 0.05 mole), cyclopropane- 
carboxylic acid chloride (4.63 ml, 0.05 mole), dry pyridine (4.04 ml, 0.05 
mole), and dry tetrahydrofuran (50 ml) was refluxed for 24 hr under ni- 
trogen. Addition of methylene chloride to the ambient solution produced 
a solid, which was a mixture of XIII and pyridine hydrochloride. Re- 
crystallization from absolute ethanol with charcoal gave 6.42 g (72%) of 
XI11 as white crystals, mp 196-198’; NMR: 0.97 (m, 4H, CH2), 1.80 (m, 
lH,  CH),6.12 (t, lH,  CH), 7.25 (d, 2H, CHI, and 11.88 (broad, lH ,  NH) 
ppm; UV: 226.5 (log f 3.79) and 297.5 (3.81) nm; IR: 1750 and 1650 
cm-I. 


3-Benzoyloxy-2( 1 H)-pyridone (XVII) (General Procedure for  
XIV and  XXXI1)-A mixture of I 1  (2.22 g, 0.02 mole), benzoyl chloride 
(2.44 ml, 0.021 mole), anhydrous potassium carbonate (2.90 g, 0.021 mole), 
and dry acetone (15 ml) was refluxed for 28 hr. Methylene chloride (20 
ml) was added, followed by water (5 ml). Additional methylene chloride 
was added, and the mixture was thoroughly stirred. The layers were 
separated, the suspended solid was discarded, and the aqueous phase was 
extracted with two 20-ml portions of methylene chloride. 


The combined organic extracts were washed with water (3 X 20 ml), 
dried over sodium sulfate, and evaporated in uacuo. Trituration of the 
resulting solid with toluene gave a white solid, which was recrystallized 
from ethyl acetate to give white crystals (2.51 g, 59%), mp 174-176’; NMR 
(deuterochloroform): 6.18 (t, lH,  CH), 7.40 (m, 5H, CH), 8.17 (m, 2H, 
CH), and 13.32 (broad, lH ,  NH) ppm; UV: 228 (log c 4.26) and 297 (3.92) 
nm; IR (chloroform): 1735,1655, and 1615 cm-’. 
3-[[(Methylamino)carbonyl]oxy]-2(1H)-pyridone (XXII) 


(General Procedure fo r  XXIV, XXV, XXVIII, and XX1X)-A mix- 
ture of I1 (5.51 g, 0.05 mole), methyl isocyanate (3.1 ml, 0.052 mole), dry 
triethylamine (8 drops), and dry dimethylformamide (35 ml) was stirred 
a t  room temperature for 44 hr. Solvent evaporation gave a red-brown 
material, which was stirred with hot ethyl acetate to remove 0.39 g of the 
disubstituted product, XXIII, mp 159-160’. The material insoluble in 
ethyl acetate was dissolved in warm ethanol. Scratching the cold filtrate 
produced XXII (4.28 g, 51%), mp 1644165’; NMR 2.63 (d, 3H, CHd, 6.08 
(t, lH,  CH), 7.17 (d, 2H, CHI, 7.45 (broad, IH, NH), and 11.67 (broad, 
lH ,  NH) ppm; UV: 227 (log c 3.77) and 297 (3.81) nm; I R  1725 and 1665 
cm-1. 
N-Methyl-3-[[(methylarnino)carbonyl]oxy]-2-oxo-I ( fm-pyr i -  


dinecarboxamide (XXII1)-Compound XXIII, mp 161-162’, was 
prepared in a 49% yield using a 1:2 molar ratio of I 1  to methylisocyanate 
and the procedure described for XXII; NMR (deuterochloroform): 2.75 
(d, 3H, CHs), 2.87 (d, 3H, CHs), 5.15 (broad, IH, NH), 6.17 (t, lH,  CH), 
7.15(m,IH,CH),8.18(m,1H,CH),and10.08(hroad,lH,NH)ppm;U~ 
220 (shoulder) and 306 (log c 3.70) nm; IH (chloroform): 3430,3160,1745, 
and 1655 cm-’. 
N - (2-Chloroethyl) -3- [[ (2-chloroethylamino)carbonyl]oxy]- 


l(2H)-pyridinecarboxamide (XXV1)-A mixture of I 1  (5.56 g, 0.05 
mole), 2-chloroethylisocyanate (5.38 g, 0.051 mole), dry triethylamine 


(8 drops), and dry dimethylformamide (30 ml) was stirred a t  room tem- 
perature for (9 hr with occasional warming to 40’ to dissolve suspended 
solids. The solvents were removed in uacuo, ethyl acetate (50 ml) was 
added to the residue, and the mixture was cooled to 0’ overnight. The 
resulting solid (II,2.4 g) was removed, the ethyl acetate was evaporated, 
and chloroform was added. This solution was extracted with three 30-1111 
portions of water, dried with sodium sulfate, and evaporated in U ~ C U O  
to give a gray solid. Dissolution in ethyl acetate, followed by the addition 
of petroleum ether, yielded a gray-white solid (4.97 g, 55%), mp 111-113’; 
NMR (deuterochloroform): 3.52 (m, 8H, CHz), 5.83 (broad, lH, NH), 7.28 
(m, IH, CH), 8.25 (m, lH ,  CH), and 10.72 (broad, l H ,  NH) ppm; U V  226 
(shoulder) and 305 (log c 3.83) nm; IR: 3410, 3120, 1730, and 1655 
cm-1. 
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complications of diabetes, newer agents for the treatment of arthritis, 
mechanisms of action of glucocorticoeteroids, and pharmacological reg- 
ulation of serum lipoproteins. 


Topics in Biology has a general review of various enzyme classes and 
selected examples of enzyme inhibitors. This is followed by a more de- 
tailed look at two classes of enzymes: 8-lactamases and proteolytic en- 
zymes. The section is rounded off by timely reviews of iron chelation 
therapy and peptide conformation. In addition to the usual review on 
Reactions of Interest, the final section, Topics in Chemistry, contains 
a useful and interesting chapter on asymmetric synthesis. There is a 
chapter that deals with newer methods and applications of quantitative 
structure-activity relationships in drug design and another on the ste- 
reochemistry of drug-nucleic acid interactions. Scattered throughout 
this volume are chapters on drug metabolism and a general review fol- 
lowed by reviews on the molecular aspects of, and enantioselectivity in, 
drug metabolism. 


The more than 50 contributors to this issue of Annual Reports have 
put together an excellent volume which is certain to be of value to me- 
dicinal chemists, pharmacologists, and researchers in related fields. 


Reviewed by Richard A. Glennon 
Department of Pharmaceutical Chemistry 
Medical College of Virginia 
Virginia Commonwealth University 
Richmond. V A  23298 


Genetics of Industrial  Microorganisms: Proceedings of the Third 
International Symposium. Edited by 0. K. SEBEK and A. I. 
LASKIN. American Society of Microbiology, 1913 I St., N.W., Wash- 
ington, DC 20006.1979.283 pp. 15 X 23 cm. Price $12.00. 
A symposium on the genetics of industrial microorganisms held June 


4-9, 1978, a t  the University of Wisconsin, Madison, was attended by 
approximately 500 university and industrial scientists interested in the 
genetics and biochemistry of existing and potential fermentation products 
such as antibiotics, amino acids, enzymes, alcohol, and hormones. Uni- 
versity scientists recognized for excellent studies in processes basic to 
fermentation product development-mutation, selection, recombination, 
regulation, gene cloning-presented lectures, as did industrial scientists 
recognized for applications of these processes. Those lectures have been 
condensed into the articles appearing in this book. 


In general, the papers reflect recent trends in applied microbiology. 
Most articles emphasize previously unpublished work, work not yet 
published a t  the time of the symposium, or work published just prior to 
the symposium. A few are well-referenced reviews of recent findings. For 
example, genetic crosses to improve processes and to find new antibiotics 
were illustrated by a striking example of the protoplast fusion technique 
applied to the breeding of fungi for cephalosporin production, presented 
by C. Ball and P. F. Hamlyn. An equally noteworthy example was the use 
of interspecific recombination uia natural conjugation in Streptomyces 
to produce new “hybrid” anthracycline antibiotics, written by W. F. 
Fleck. 


An emphasis on nitrosoguanidine as a mutagen in many strain pro- 
grams is reflected in a paper by E. Cerdh-Olmedo and P. Ruis-Vbsquez. 
That article succinctly outlines how the peculiarities of nitrosoguanidine 
action on DNA in vivo can be employed to obtain more efficient use of 
this mutagen. A paper on yeast protoplast transformation with hybrid 
yeast plasmids is representative of significant academic and industrial 
efforts to develop useful cloning systems in organisms other than Esch- 
erichia coli. This paper and other sections of the book illustrate the extent 
to which basic and applied research in microbiology have meshed. A paper 
hy H. J. Treichler et al. on the role of sulfur metabolism in cephalosporin 
and penicillin biosynthesis illustrates how knowledge of a biosynthetic 
pathway and analyses of mutants altered in that pathway and i ts  regu- 
lation are leading to more directed and more effective means of improving 
fermentation processes. 


The papers by K. F. Chater and M. Okanishi provide an excellent re- 
view of plasmid genetics in Streptomytetes and of plasmid roles in an- 
tibiotic production. This active research area has become more important 
now that Streptomycete protoplasts have been transformed with plasmid 
DNA, bringing a cloning system in these industrial bacteria closer to 
reality. This and other key developments were emphasized in the sym- 
posium’s keynote address by D. A. Hopwood. The Hopwood paper pre- 
sents an excellent overview of trends to be expected in the application 
of genetics to industrial fermentations. The articles by N. D. Lomovskaya 
et al. and by K. F. Chater demonstrate an increasing interest in devel- 
oping transduction in industrial bacteria and their possible use as cloning 
vectors. Articles by Y. Aharonowitz, B. M. Pogell, and J .  F. Martin et al. 
on metabolic regulations in industrial microorganisms likewise show an 
expanding interest in the basic mechanisms that regulate antibiotic 
synthesis. Recombinant DNA experiments for the production of mam- 
malian hormones, which have been repeated recently, are not included 
in this book, but there is a useful discussion of government regulation of 
recombinant DNA experimenta. 


The book should be read by all industrial scientists looking for new 
fermentation products and/or improved strains for producing existing 
products. Genetic engineering has increased the interest of industrial 
managers in basic genetic studies. The quest for new challenging problems 
has led more university microbiologists, biochemists, and geneticists to 
look with keener interest at organisms traditionally used only in industry. 
These individuals also will benefit by adding Genetics o/ Industrial 
Microorganisms to their personal library. The editors, 0. K. Sehek and 
A. I. Laskin, are to be commended for expediting an early publication of 
this volume, thereby increasing its value as a current reference work in 
this rapidly progressing field. The American Society for Microbiology 
is to be commended for offering the volume a t  a price that makes it 
available to the interested graduate student. 


Reviewed by Stephen W. Queener 
Department o/ Antibiotic 


Culture Development 
Eli Lilly and Company 
Indianapolis, IN 46206 


Microbiology-1979. Edited by DAVID SCHLESSINGER. American 
Society for Microbiology, Washington, D.C. 365 pp. Price $22.00. 
This volume contains an introductory note by the editor and then is 


divided into seven topical sections, with each section written by one or 
more authors. The sectional divisions are as follows: 


I Microbial Membranes with an introduction followed by subsec- 
tions of articles on Lipids (four articles) 
Membranes and Membrane Proteins (five articles) 
Transport and Energetics (seven articles) 


cles) 
I1 Mechanisms of Microbial Virulence (Introduction and 30 arti- 


Ill Biochemical Genetics of Pathogenicity (six articles) 
1V Antibiotic-Associated Colitis (Introduction and five articles) 


VI Mutasynthesis of Antibiotics (five articles) 
V Resistant Gram-Positive Cocci (five articles) 


VII Ontogeny of the Immune System (five articles) 


These articles were written by 134 authors, and each article in the 
various section divisions is complete with literature citations. The volume 
contains an author index and a complete subject index for easy refer- 
ence. 


This volume, containing many well-written articles under the topical 
divisions, would make a worthy addition to the reference library of any 
scientist in microbiological research. 


Reviewed by Dale H. Cronk 
College of Pharmacy and Health Sciences 
Northeast Louisiana University 
Monroe, L A  71209 
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Antineoplastic Agents LXIV: 
1,4-Bis( 2'-chloroethyl) - 1,4-diazabicyclo[ 2.2. llheptane 
Dihydrogen Dimaleate 


GEORGE R. PETTIT", DONALD P. GIESCHEN, and WILLIAM E. PETTIT 
Received May 9, 1979, from the Cancer Research Institute and Department of Chemistry, Arizona State University, Tempe, AZ 
85281. Accepted for publication June 12,1979. 


Abstract 0 The 1,4-bis(2'-chloroethyl)-1,4-diazabicyclo[2.2.l]heptane 
dication (11) exhibits remarkable antineoplastic activity. Detailed eval- 
uation of several dianion derivatives showed a curative response level 
against the murine P-388 lymphocytic leukemia, colon 26, CD8F1 
mammary, and the Walker 256 carcinosarcoma (rat) tumor systems. In 
addition, significant cancer chemotherapeutic activity was found against 
the murine L-1210 lymphoid leukemia, colon 38, and B16 melanocarci- 
noma tumor systems. The bicyclo dication (11) first was isolated, evalu- 
ated, and stored as the diperchlorate derivative (IIa). Because of the 
promising anticancer activity of IIa, procedures were developed for ob- 
taining other anion derivatives for comparative biological purposes. 
Several naturally occurring substances were evaluated, and the dihy- 
drogen dimaleate derivative (Hi) obtained by an ion-exchange technique 
was the most suitable. 


Keyphrases Antineoplastic agents-l,4-bis(2' - chloroethyl) - 1,4- 
diazabicyclo[2.2.l]heptane cation, synthesis, diperchlorate and dihy- 
drogen dimaleate salts 1,4-Bis(2'-chloroethyl)-1,4-diazabicyclo- 
I2.2.11 heptane cation-antineoplastic activity, synthesis, diperchlorate 
and dihydrogen dimaleate salts Heterocyclic anticancer agents- 
1,4-bis(2'-chloroethyl)-1,4-diazabicyclo[2.2.l]heptane cation, synthesis, 
diperchlorate and dihydrogen dimaleate salts 


An early exploration of potential anticancer drugs in 
these laboratories led to the first 1,4-diazabicyclo[2.2.1]- 
heptane heterocyclic system. The facile preparation of 
1,4-bis( 2'-chloroethyl) - 1,4 - diazabicyclo[2.2.1] heptane 
diperchlorate (IIa, NSC 57198) from bis(2-chloroethy1)- 
amine (I) and formaldehyde has been reported (Scheme 
I) (1). Later, the structural elucidation (2), preparation of 
related substances (3), and confirmation of the structural 
assignment of IIa by X-ray crystallography (4) were de- 
scribed. Meanwhile, IIa has been evaluated against the 
National Cancer Institute's most important experimental 
tumor systems (Table I). Its promising antineoplastic ac- 
tivity encouraged the investigation of other presumably 
more suitable (7,8) anions. 


BACKGROUND 
Initial isolation and structural investigations (1,2) of diperchlorate 


IIa emphasized that this heterocyclic system was very susceptible to 
nucleophilic attack, especially by hydroxyl ion, and this observation was 
confirmed by other investigators (9). As predicted, the very poor nucle- 
ophilicity of perchlorate is ideally suited to stabilizing the novel bridged 
heterocyclic system. Compound IIa specimens prepared 17 years ago 
show no evidence of decomposition; IIa has proven to be stable a t  tem- 
peratures up to 210-222" but burns violently when deliberately ignited. 
The corresponding dichloride derivative (JIb), formed in the reaction of 
I with formaldehyde, was described previously (9). Attempts to improve 
its isolation (4% yield) and characterization, e.g., by ion-exchange tech- 
niques, were not successful. 


The objective of this investigation was to locate an anion such as that 
derived from ascorbic acid [vitamin C (lo)] or another naturally occurring 
substance compatible with human use. The ascorbic acid derivative (IIe) 
seemed attractive due to the possibility of increasing the immune re- 
sponse involved with interferon enhancement (1 1). Derivatives of the 
readily available maleic acid, a constituent of citrus and grape juices (12, 
131, and D-tartaric acid also were considered. These three possibilities 
were inspected as part of a large series of anions of decreasing nucleo- 


c1 


+\ 


2x- 


I 
C1 


I1 
nu: x = c10,- 
116: x = c1- 
IIc X = CH:,CO,- - 
IId: x = r n C 0 . T  


I I f :  x =Q-co.- 


'OH 
IIg: X HOZCCHOHCHOHC0,- 


Scheme I 


philicity derived from the following acids: acetic, pKa 4.74, IIc; benzoic, 
4.20, IId; ascorbic, 4.17, IIe; salicylic, 2.97, IIf; D-tartaric, 2.93, Ilg; sac- 
charin, 1.60, IIh; and maleic, 2.0,IIi. 


Two methods were found for displacing the perchlorate anions. The 
first procedure was based on the minimal solubility of' potassium per- 
chlorate in ethanol-acetonitrile mixtures and was workable except with 
maleic and D-tartaric acids since their corresponding potassium salts were 
not sufficiently soluble in this solvent. However, the nucleophilicity of 
the acetate, benzoate, and ascorbate anions was suff'icient to cause de- 
composition of Ilc-IIe during isolation. While disalicylate ll/ was stable 
only in the cold, disaccharin salt IIh was obtained conveniently by this 
method and only slowly decomposed at  ambient temperatures over 6 
months. At this point, the potential bladder carcinogenic properties of 
saccharin became known; except for preliminary antineoplastic studies 
(Table I ) ,  IIh was not considered further. 


Ion-exchange chromatography was the alternative method utilized for 
displacing the perchlorate anions. Both ditartarate Ily and dihydrogen 
dimaleate IIi were synthesized by this method. However, IIg was unstable 
at room temperature and could be maintained only at approximately 
-10". Fortunately, I G  has been maintained under normal conditions 
without any detectable change for over 3 years'. The well-established 


1 One important criterion for stabilizing cation I1 is an anion derived from an acid 
with a dissociation constant corresponding to pKa 2 or less. 
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Table I-Tumor System (5.6) 


PS" LE' __ C8d C6' 
Dose. Dose, Dose, Dose, Cures, 


Compound mglkg TIC,@ Cures,% mg/kg T/C,% mg/kg TIC,% mg/kg TIC9% ?h 


IIa 400 268 50 150 190 400 47 400 27 1 60 
200 I90 100 189 200 62 200 272 89 
100 154 66.0 154 100 175 30 
50 145 44.0 140 50.0 129 


25.0 128 
12.5 120 


IIi 


IIh 


IIIa 


200 (toxic) 192 
100 146 
50.0 123 
25.0 113 


200 180 200 186 20. 
100 148 100 45 100 155 10 
50.0 120 50.0 44 50.0 133 10 
25.0 90 25.0 78 25.0 114 10 


12.5 84 12.5 102 10 
400 296 50 
200 240 
100 198 
50.0 171 


2.0 (toxic) 2.0 97 -. ~ 


1.0 '------' 167 
0.50 145 
0.25 120 
0.10 110 


0.20 111 
0.10 116 
0.05 102 


IIIb. > 0.30 (toxic) 


1.0 154 
0.50 
0.25 125 
0.12 110 


0.20 125 
0.10 110 
0.05 102 


400 20 
200 171 30 
100 134 
50.0 116 
25.0 106 


CDf B 1 g  LLh RO' WAj 
Dose, Dose, Dose, Dose, Dose, Cures, 


Compound mg/kg T/C,% mg/kg T/C,% mglkg TIC,% mg/kg TIC,% mgkg T/C,% % 


IIa 400 6 100 146 
200 24 50.0 116 
100 44 25.0 136 100 136 
50.0 57 


IIi 


IIh 


.. ~ 


25.0 104 
12.5 65 
400 0 
200 4 
100 19 
50.0 78 


100 138 
50.0 130 
25.0 129 
12.5 128 
6.25 117 


200 143 
100 120 
50.0 117 
25.0 108 


80 562 100 
40 561 66 
20 237 33 
10 128 33 
5 128 


200 121 
100 124 
50.0 110 
25.0 94 


200 43 
100 93 
50.0 67 
25.0 75 


IIIa 
IIIb 0.15 39 


0.075 85 
0.037 78 


0 P-388 lymphocytic leukemia. Testhontrol. L-1210 lymphoid leukemia. Colon 38. Colon 26. f CDSFl mammary tumor. 8 B16 melanocarcinoma. Lewis lung 
carcinoma. i Ridgway osteogenic sarcoma. j Walker carcinosarcoma 256. 


stability of IIi seems consistent with the relatively poor nucleophilic 
properties expected for the hydrogen maleate anion. The relative insta- 
bility observed with the saccharin anion may have a less obvious expla- 
nation and will be explored. 


The stable diperchlorate (IIa) and dihydrogen dimaleate (IIi) salts 
showed substantial promise in key experimental tumor systems (Table 
I) and are being considered for clinical trial; IIa had the more favorable 
therapeutic index. Biological data obtained with the disaccharin salt (IIh) 
(prior to significant decomposition) also have been included. Comparison 
of these data with those obtained for piperazine 111 precludes the possi- 
bility that the high antineoplastic activity displayed by the 1,4-bis(2'- 
chloroethyl)-1,4-diazabicyclo[2.2.1] heptane dication is due significantly 
to production of this 2-chloroethylamine. The methylene-bridged di- 
quaternary system I1 definitely is not a nitrogen mustard, and its 
mechanism of action appears to depend on in uiuo formation and latent 
release of a substance(s) other than piperazine 111. The in uiuo production 
of a very reactive carbon-carbon or carbon-nitrogen bond-forming 
species (IV or V) derived from formaldehyde is an attractive prospect. 


EXPERIMENTAL 


Glass-distilled water was employed in the ion-exchange procedures. 
All other solvents were redistilled. Melting points were determined by 
the capillary method (oil bath) and are uncorrected. IR spectra2 (potas- 
sium bromide) and PMR ('H-NMR) spectra3 (6 in parts per million with 
respect to tetramethylsilane or sodium 2,2-dimethyl-2-silapentane- 
5-sulfonate) were recorded. I3C-NMR spectra (in parts per million 
downfield from the internal standard tetramethylsilane or p-dioxane, 
67.4 ppm) also were measured4 (at 22.6 MHz). NMR spectra were de- 
termined in deuterium oxide solution unless otherwise noted. Elemental 
microanalyses were performed5. 


Bis(2-chloroethy1)amine Hydrochloride (I-HC1)-Purification 


* Perkin-Elmer 299 SDectroDhotometer. 
Varian Associates 'f-60A or XL-100. 
By Dr. J. Witschel, Jr., employing a Bruker WH-90 NMR spectrometer. 
Spang Microanalytical Laboratory, Eagle Harbor, Mich. 
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+n+ 


H H 
2x- 


111 


IIIa: x = cl- 
IIIb : X = HO,CCH=CHCO, - 


IV V 
X = -NR,, --OR, or -SR 
R = H or alkyl 


of currently available commercial bis(2-chloroethy1)amine hydrochloride, 
nitrogen mustard hydrochloride, is less efficient t.han the following im- 
proved (14, 15) synthesis. A solution of thionyl chloride (520 ml or 860 
g) in chloroform (460 ml) was added slowly through a dropping funnel 
to a solution of 2,2’-iminodiethanoF (212 g) in 600 ml of chloroform. The 
reaction mixture was contained in a 5-liter, three-necked round-bottom 
flask equipped for efficient refluxing and rapid mechanical stirring and 
suspended in a cold water bath (for maintaining the reaction temperature 
a t  -20’). 


When the viscous material that formed on the stirring blade reached 
a constant mass, the remaining thionyl chloride was added rapidly. The 
water bath was heated, and the mixture was brought to reflux tempera- 
ture slowly (to minimize foaming). After -30 min, the yellow solution 
became clear and was allowed to cool. The crystalline product was col- 
lected and washed successively with chloroform (3 X 125 ml) and ether 
(200 ml) to yield I-HC1 (250 g) as colorless crystals decomposing at  
212-214’. Two recrystallizations from acetone-absolute ethanol (4:l) 
provided I-HCI (140 g) as needles decomposing at  the same temperature; 
IR 2975,2760,2440,1595,1460,1445,1355,1305,1050,1000,960,885, 
860,840,785,755,700, and 675 cm-l. The ‘H-NMR data were reported 
previously (16). 


Recrystalliaation of I-HCI obtained by this method was unnecessary 
for the preparation of IIa. 
1.4-Bis(2’-chloroethyl)-1,4-diazabicyclo[2.2.I]heptane Diper- 


chlorate (1la)-The following procedure based on earlier studies (1, 
2) is convenient and reliable for preparation of IIa. A 10% NaOH solution 
(140 ml) was sdded in portions to I-HCI (50.0 g) in 100 ml of water. The 
mixture was extracted with ether (100 ml and 2 X 50 ml), and the com- 
bined extract was washed with saturated sodium chloride solution and 
dried (ice bath) over anhydrous magnesium sulfate. Solvent was removed 
by rotary evaporation (ice bath temperature) to afford the thermally 
unstable bis(2-ch1oroethyl)amine (10) as a colorless oil. 


Upon dissolution of the amine in absolute ethanol (150 ml), 37% 
formaldehyde solution (50 ml) was added quickly. After 1 day at  room 
temperature, the mixture was cooled (ice bath) and 27 ml of 70% per- 
chloric acid was added slowly. Crystallization of diperchlorate IIa began 
within a few minutes; when completed, 32.2 g of IIa was collected and 
recrystallized from water-ethanol to afford colorless crystals (24.2 g) 
decomposing at 222-223O [as found for the original elemental analytical 
sample (l)]; I3C-NMR (deuterium oxide): 37.43 (-CH2CHZCl), 59.73 (ring 
CH&H2-), 60.05 (-CH2CH&l), and 83.39 (ring CHz-). Other spectral 
and analytical data were reported earlier (2). 
1,4-Bis(2’-chloroethyl)-1,4-diazabicyclo[2.2.1]heptane Disac- 


eharin (1lh)-Freshly prepared (from saccharin and potassium hy- 
droxide in water) potassium saccharin (29.2 g) was dissolved in 95% 
ethanol (900 ml), and the hot solution was poured rapidly into a solution 
of diperchlorate IIa (28.1 g) in acetonitrile (200 ml). After 2.25 hr, the 
potassium perchlorate precipitate was collected, the filtrate was con- 
centrated to 150 ml, and potassium perchlorate was collected again. The 
remaining acetonitrile solution was concentrated to a yellow oil, which 
was dissolved in water and lyophilized to yield 37.4 g (96%) of disaccharin 
IIh as pale-yellow flakes; IR. 3460,3100,1725,1610,1405, 1360, 1315, 


6 Aldrich Chemical Co. 


1125,1065,1025,880,835,770,735,705,660,610, and 585 cm-’; P M R  
6 4.16-4.41 (m, 8H), 4.48 (s,8H), 5.66 (s,2H), and 7.85 (s,4H). 


Attempts to prepare a specimen for elemental analyses led to decom- 
position, precluding this characterization step. However, the IR and, 
especially, the ‘H-NMR spectra showing the methylene bridge signal at 
6 5.66 were in complete accord with the assigned structure. When stored 
at  ambient temperatures in a sealed container, IM underwent slow 
transformation. In approximately 6 months, the original substance re- 
mained in only a minor amount. The products are presently under in- 
vestigation. 


By employing the general procedure used to obtain-disaccharin IIh, 
the following reactions were attempted in hot ethanol--acetonitrile so- 
lutions. In each case, freshly prepared potassium acetate, benzoate, as- 
corbate, and salicylate were allowed to react separately with 110. The 
minimal solubilities of dipotassium D-tartarate and maleate in etha- 
nol-acetonitrile mixtures precluded their use in these syntheses. The 
diacetate IIc and dibenzoate IId were destroyed rapidly during the iso- 
lation. The diascorbate IIe was transformed partially during isolation, 
and further characterization proved impractical. 


Reaction between potassium salicylate (12.4 g in 250 ml of95% ethanol) 
and diperchlorate IIa (15.0 g) in acetonitrile (200 ml) provided nearly 
the theoretical amount of potassium perchlorate. Removal of solvent 
afforded disalicylate IIf as a pale-yellow oil; PMR (acetonitrile-d:& 6 
4.04.8 (complex, 16H), 5.25 (9, HzO), 5.95 (s, 2H), 6.7-7.1,7.2-7.5, and 
7.S8.1 (complex, aromatic). Approaches to purifying IIf led to its rapid 
destruction, which was monitered easily by observing the disappearance 
of the methylene bridge protons a t  6 5.9 in the PMR spectra. Application 
of an ion-exchange technique (cf., IIi) to preparation of the acetate, 
benzoate, and salicylate derivatives also was unsuccessful7. 


l,4-Bis(2‘-chloroethyl)-l,4-diazabicyclo[2.2.l~heptane Dihy- 
drogen Dimaleate (I1i)-In a typical experiment, a 100-ml volume of 
ion-exchange resins (chloride form) in a chromatography column was 
treated with 40 volumes of 1 N NaOH/volume of resin. The resulting resin 
(hydroxide form) was washed with water until the eluate was neutral to 
pH papeP. The resin bimaleate was prepared by elution with 600 ml of 
1 N maleic acid. The large maleic acid excess allowed conversion to IIi 
rather than to the monomaleate derivative. Excess acid was removed by 
a final elution with 200 ml of water. 


A solution of diperchlorate IIa (20.0 g) in 1 liter of water was passed 
through the resin. Elution with an additional 0.5 liter of water and ly- 
ophilization of the combined fractions afforded 18.2 g (85%) of dihydrogen 
dimaleate IIi. Three recrystallizations from ethanol provided an ana- 
lytical specimen melting at  118-119° (slight decomposition); I R  u,,, 
3440,3010,2920,2850,1580,1495,1385,1365,1195,1110,1070,995,875, 
865, 750, and 695 cm-1; P M R  6 4.16-4.41 (m, 8H), 4.47 (s, 8H), 5.68 ( s ,  
2H),and 6.32 (8, 2H). 


0,28.11. Found C, 44.95; H. 5.36: CI, 15.56: N, 6.14; 0, 27.99. 
Anal.-Calc. for C17H24ClZN208: C, 44.85; H, 5.31; (21.15.57; N, 6.15; 


The ion-exchange technique for obtaining IIi was applied analogously 
to the preparation of the dihydrogen ditartarate IIg from 20 g of 110. The 
1.5-liter water eluate led to 20.2 g of glassy residue on lyophilization. The 
product was precipitated three times with ether from ethanol-water, and 
a water solution was relyophilized to yield IIg as a pale-yellow powder; 
P M R  6 4.16-4.41 (m, 8H), 4.47 (5, 8H), 4.83 (s ,  2H), and 5.68 ( s ,  2H). 
Because of the persistent decomposition of this salt on further attempts 
a t  purification and relatively short storage at  ambient temperatures, 
satisfactory elemental analyses were not obtained. 
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Abstract  The effects of stirring and basket placement on tablet dis- 
solution using the previously developed Shah spin-filter device were in- 
vestigated. Visualization of flow and dissolution patterns was possible 
by testing nondisintegrating colored tablets. Dissolution experiments 
were conducted on nondisintegrating double-layered tablets containing 
salicylic acid as the dissolving layer and ethylcellulose as an inert non- 
dissolving layer. Visual observations revealed that color was drawn more 
rapidly from the tablet face resting on the bottom of the basket. Disso- 
lution data from multilayered tablets revealed that when the salicylic 
acid face was resting on the bottom of the basket, the dissolution was 
appreciably more rapid than when it was facing up in the basket. This 
phenomenon was found for several stirring speeds. 


Keyphrases 0 Dissolution devices-spin filter, effects of tablet position 
and basket type, comparison to USP basket method Dissolution testing 
systems-spin filter compared to USP basket method, effects of tablet 
position and basket type Dosage forms-tablets, dissolution testing, 
spin filter compared to USP basket method, effects of tablet position and 
basket type 


The dissolution profile of oral solid dosage forms is 
useful for controlling formulation and process variables 
that influence the bioavailability of the active ingre- 
dient. 


An apparatus receiving acceptance by the scientific 
community is the spin-filter dissolution device developed 
by Shah et al. (1,2). This apparatus provides a dynamic 
in situ microporous nonclogging rotating filter, which 
permits continuous and efficient filtration of the dissolu- 
tion fluid. Furthermore, its relatively large filter area ex- 
tends over most of the dissolution fluid, which permits 
representative sampling of the bulk dissolution medium. 
The smooth cylindrical surface .of the rotating filter as- 
sembly without impeller blades and its agitation over a 
long vertical axis provide uniform, mild, laminar, 
nonturbulent, and reproducible stirring even at relatively 
high speeds. 


In addition to a change in the stirring method from the 
USP apparatus (3), the basket mesh size was changed from 
the 40 mesh used in the USP basket to 12 mesh (1,2). This 
change was made to prevent clogging of the basket pores 
by disintegrating tablets. 


BACKGROUND 


A study was undertaken to examine the spin-filter dissolution device 
hydrodynamically. Acceptance will probably increase since the spin filter 
was announced as acceptable for industrial dissolution testing by the 
Food and Drug Administration (4). 


Several studies have been undertaken to examine dissolution devices 
hydrodynamically and to compare the spin-filter device to other disso- 
lution devices (5-11). Skelly (12) and Grostic (13) highlighted the need 
for dissolution device standardization and suggested the use of non- 
disintegrating salicylic acid tablets as a calibrator to overcome device- 
to-device and laboratory-to-la boratory variations. 


A carefully controlled study of the diffusion and hydrodynamic vari- 
ables in the spin device seemed necessary. Nondisintegrating tablets were 
used so that hydrodynamic flow patterns rather than basket clogging or 
particle buildup would be the chief measurement parameter. Dye studies 
were initiated to measure visibly the large-scale flow patterns that would 
affect the dissolution of disintegrating as well as of nondisintegrating 
tablets. Nondisintegrating salicylic acid tablets were used (5) in this 
study, although special double-layered tablets were valuable for mea- 
suring position face as a variable. Direct correlation with nondisinte- 
grating tablets may not be warranted, but such a study would provide 
valuable information in quantitating hydrodynamic effects and would 
apply directly to nondisintegrating dosage forms such as sustained-release 
products. 


EXPERIMENTAL 


All reported dissolution data were obtained using a device’ reported 
by Shah et al. (1,2) with the sample basket removed. The basic features 


Rotating filter dissolution device, courtesy of‘ The Upjohn Co., Kalamazoo, 
Mich. 
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Abstract 0 The kinetics and mechanism of hydrolysis of the cytotoxic 
drug chlorambucil were investigated. A study of the reaction order and 
of the pH, dielectric constant, and ionic strength effects on the reaction 
rate revealed that the hydrolysis was a limiting unimolecular nucleophilic 
substitution, the rate-determining step being the ionization of the first 
2-chloroethylamine chlorine. The hydrolysis rate was markedly depen- 
dent on the protonation degree of the chlorambucil basic group, indi- 
cating that a cyclic ethyleneimmonium ion may be involved in the rate- 
determining step. 


Keyphrases Chlorambucil-hydrolysis, kinetics and mechanism, 
reaction order, pH, dielectric constant, ionic strength Antineoplastic 
agents-chlorambucil, hydrolysis, kinetics and mechanism, reaction 
order, pH, dielectric constant, ionic strength o Hydrolysis-chloram- 
bucil, kinetics and mechanism 


The cytotoxic drug chlorambucil has been used clinically 
in the treatment of malignant conditions associated with 
white blood cell proliferation (follicular lymphoma, 
Hodgkin's disease, etc. ) and ovarian carcinoma (1-3). 
Dosage forms include intravenous injections and perfusion 
fluids. In these aqueous media, chlorambucil, an aromatic 
nitrogen mustard, undergoes hydrolysis by nucleophilic 
substitution. The hydrolytic pathway involves several 
consecutive steps. Previous stability studies (4-8) were 
semiquantitative or revealed little information regarding 
the kinetics and mechanism of hydrolysis in conditions 
appropriate to formulation. 


The .formation of a cyclic ethyleneimmonium ion has 
been proposed as an intermediate in aliphatic nitrogen 
mustard hydrolysis (7). A cyclic intermediate has not been 
suggested for aromatic nitrogen mustards but would seem 
highly probable by analogy with the aliphatic series. 
However, in aromatic compounds, such an intermediate 
would probably be less favored since the availability of the 
lone electron pair on the nitrogen would be reduced 
somewhat by resonance with the *-electrons of the aro- 
matic ring. Therefore, this investigation was undertaken 
to elucidate the reaction mechanism under conditions 
appropriate to formulation. 


EXPERIMENTAL 


Materials-Chlorambucil BP (mp 65.8-66.0") was recrystallized from 
a light petroleum (bp 40-60°, dried over sodium)-benzene (fractionated 
and dried over sodium) mixture. Silver chloride was prepared by po- 
tentiometrically titrating silver nitrate (25 ml, 0.1 M )  and nitric acid (1 
ml) with sodium chloride (0.1 M )  to the exact end-point using an auto- 
matic titrimeter. The supernatant liquid was decanted, and the silver 
chloride precipitate was washed six times with oxygen-free distilled water. 
The following buffers were used: boric acid (0.1 M) in potassium nitrate 
(0.1 M)-sodium hydroxide (0.1 M) for pH 10.1-7.8, and sodium acetate 
(0.1 M)-nitric acid (0.1 M) for pH 5.51.63. Other chemicals were reagent 
grade. 


The silver-silver chloride electrodes were prepared electrolytically (9, 
10) and possessed asymmetric potentials of < f0.02 mv. 


Kinetic Methods-Potentiometric-An alcoholic solution of chlor- 
ambucil(1 ml, 10 mg/ml) was added to the buffer (500 ml) in the reaction 
half-cell of the silver-silver chloride concentration cell (Fig. 1). The 
concentration cell was equilibrated previously in a water bath (25.00 f 


0.01O). The pH was measured' (f0.002 pH unit) initially and on com- 
pletion of the kinetic run (pH difference was within f0.05 pH unit in all 
experiments). The temperature was monitored throughout the experi- 
ment. Throughout the hydrolysis, the electromotive force (emf) and time 
were monitored on a data logging unit2. Selection of the appropriate range 
and sensitivity multiplier ensured maximum accuracy in the electro- 
motive force measurement. 


The silver-silver chloride concentration cell allowed continuous 
monitoring of the liberated chloride. At low chloride-ion concentrations 
and constant ionic strength, the electromotive force of the concentration 
cell was related to the liberated chloride by the following equation 
(10): 


E = E' t 2.303RTlnF log [ c ~ / 2 t  v'Ks t ( c A / ~ ) ~ ]  (Eq. 1) 


where E is the electromotive force of the concentration cell; E' is the 
standard potential of the concentration cell, dependent on the reference 
half-cell potential and the activity coefficient correction term; R is the 
gas constant (8.314 J mole-' deg-I); T is the absolute temperature ( O K ) ,  


F is the Faraday constant (96,487 coulomb equivalents-'); n is the 
number of electrons transferred per ion; CA is the liberated chloride; and 
Ks is the silver chloride solubility product. 


Preliminary electrode response calibrations showed that the concen- 
tration cell operated in a theoretical and reproducible manner. Use of 
E', slope (2.303RTlnF). and K s ,  derived by a nonlinear parameter esti- 
mation (11) for each ionic strength, allowed calculation of the liberated 
chloride concentration. The first-order rate constants were determined 
by a linear least-squares regression-orthogonal polynomial analysis (12), 
using the c.. derived from all of the data by a nonlinear parameter esti- 
mation (10). 


Conductimetric-An alcoholic chlorambucil solution was added to 


T 


Figure 1-Silver-siluer chloride Concentration celt for chloride deter- 
mination. Key: W, thermostated water bath (f0.01O) containing the 
concentration cell (C); M, Millipore sintered-glass filter separating the 
half-cells of the concentration celt; E, silver-situer chloride efectrodes; 
R,  buret tip; S, mechanical stirrer; N, nitrogen inletloutlet; and T, 
thermometer (0-50' ). 


Radiometer (pHM26). 
Solartron command range unit (EC 1475). digital voltmeter (LM 1420.2). punch 


drive (LU 1967), digital clock (LU 1963), scanner (LU 1461), and Facit paper tape 
punch (model 4070). 


992 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 8, August 1979 


0022-35491 791 0800-0992$0 1.001 0 
@ 1979, American Pharmaceutical Association 







/CH2CHzCI 
RN 


\CH,CH~CI 
I 


&,I””- 


IV 
k z l O H -  


/CH,CHzOH 
RN 


\CH~CH,OH 
vn 


tc1- 


+c1- 


a 


‘CH, or RN- 
\ 


+/CH2 


CH2CHzCl 


Iv 
k r p ,  


+ /CH,CHZOH 
or RN- 


/CHzCHZOH 
R N  , ,CHI 


‘CH~CH~+ CH? 
VI V 


+ c1- 


+ c1- 


,CH&HZOH 
R N  


\CH,CH,OH 
VII 
b 


Scheme I-Alternative hydrolytic pathways for chlorambucil. Key: a, bimolecular nucleophilic substitution; and b, unimolecular nucleophilic 
substitution. 


the reaction medium (500 ml) in a stoppered reaction vessel previously 
equilibrated in a water bath (25.00 f 0.01’). The conductance was mea- 
sured3 a t  predetermined times with a platinized conductance cell (13). 
The temperature and pH were monitored throughout the experiment. 


The ionized chlorambucil decomposition products (mainly chloride) 
were monitored conductimetrically. Preliminary experiments showed 
that the conductancexhloride-ion response calibrations were linear over 
the chloride concentration range required for the kinetic study. Rate 
constants were determined as in the potentiometric method, using con- 
ductance instead of concentration terms. 


RESULTS AND DISCUSSION 


O r d e r  of Reaction-The general shape of the chloride concentra- 
tion-time curve (Fig. 2) typified first-order behavior. Fitting the data 
to the first-order model: 


log [(c- - CO)/(C- - c)] = kt/2.303 (Eq. 2) 


where c is the concentration of chloride a t  time t ,  co is the initial con- 
centration of chloride at time t = 0, c ,  is the concentration of chloride 
at infinity, and k is the first-order rate constant (seconds-’), and testing 
the linearity of this model (12) confirmed first-order behavior (Fig. 2). 
Attempts to fit more complex models were unrewarding and did not 
improve the fit. 


The infinite chloride Concentration in Fig. 2 was indicative of the hy- 
drolysis of both chloroethyl chains (Le., 0.1 14 X M compared to 0.120 
X 10-3 M). This situation was typical of all kinetic runs. Therefore, the 
rate-determining step must be the hydrolysis of the first chlorine, because 
a consecutive pathway involving the hydrolysis of the chlorohydrin as 
the rate-determining step would result in a nonlinear first-order plot. This 


3 Cambridge conductance bridge L-380287. 


result was consistent with previous reports (5). For a first-order reaction, 
the hydrolysis mechanism of the first chlorine must be either limiting 
unimolecular kp and k~ >> k l ) ,  with the rate-determining step being 
the ionization of the first chlorine (Scheme Ib),  or limiting bimolecular 
( k l  << k2), with the rate-determining step being the reaction of chlor- 
ambucil with H20 or OH- (Scheme Ia). 


pH Effect-Duplicate rate determinations for chlorambucil hydrolysis 
were made over pH 1.63-10.10 using the potentiometric method (Fig. 
3). 


Two discrete sections of the profile were obvious. First, a t  pH 5-10, 
the chlorambucil reaction rate with the amino group unionized [i.e.,  pKa 
= 2.499 (lo)] was independent of hydroxide ion, and a bimolecular 
substitution with the poorly nucleophilic water molecule seemed unlikely 
(14). Therefore, a unimolecular hydrolytic mechanism is suggested. 
Second, below pH 5, a decrease in the reaction rate occurred with a de- 
crease in pH, b., with increased protonation of the chlorambucil amino 
group. The decreased availability of the lone pair of nitrogen electrons 
should have little effect on conventional sN1 or sN2 reaction rates owing 
to the two-carbon separation from the chlorine. If any influence did occur 
in a bimolecular solvolysis, the decreased inductive effect should promote 
the reaction rate. 


The lone pair, however, is essential for the formation of the cyclic 
ethyleneimmonium ion as the intermediate in a unimolecular pathway 
(Scheme I). Aminogroup protonation will greatly affect the reaction rate 
by decreasing the “effective” species concentration. The formation of 
a cyclic ethyleneimmonium ion would adequately explain the rate de- 
pendence on the availability of a free lone pair on the nitrogen atom. 


Proposed Kinetic Models-While the primary chlorambucil de- 
composition pathway was the limiting unimolecular hydrolysis of the 
unprotonated basic species, the possibility of a secondary parallel reaction 
mechanism, which could become dominant as the ratio of the protonated 
to unprotonated species increased, must be considered. Two possible 
secondary mechanisms emerge. 
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Figure 2-chlorambucil hydrolysis i n  borate buffer (pH 9.0, p = 0.05) 
at 25.0" showing first-order behavior. Key: 0, chloride concentration; 
U, log [(c- - co)/(cm - c)]; -, linear least-squares regression; CO, 0.214 
X l W 5  M; and c-, 0.114 X M. 
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Figure 3 - h g  rate constant-pH profile jor chlorambucil hydrolysis 
in aqueous solution (p  = 0.1) at 25.0". Key: 8, mean of duplicate rate 
determinations. 
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Figure 4-Regression of rate constant versus t he  degree of ionization 
(basic group) for chlorambucil hydrolysis in a n  aqueous solution at 
25.0". Ke.y: 0, mean of replicate rat? determinations; -,fitted linear 
least-squares regression with the confidence limits of the calculated rate 
constants (p = 0.95); and - - - ,  extrapolated regression to cy = I .  


Unimolecular Ionized Base Hydrolysis Involving Noncyclic Carbo- 


dc.r/dt = kACA + kAHCAH (Eq. 3) 


where CT is the total chlorambucil concentration equal to the sum of the 
unionized concentration ( C A )  and the ionized concentration ( C A H ) ,  kA  is 
the unimolecular rate constant for free base decomposition, and kAH is 
the unimolecular rate constant for ionized base decomposition. 


nium lon- 


:. dcT/dt = kA(1 - Q ) C T  + kAHcrCT 


= kCr (Eq. 4) 


where k is the observed first-order rate constant and equals kA(1 - cr) 
t kAHa and a is the degree of ionization. 


Therefore, the model (Model A) to be tested is: 


k = kA t (kAH - k A ) f f  (Eq. 5) 


Rimolecular Hydrolysis for Ionized Rase Involving Noncyclic Inter- 


dcTldt = kACA -k kAHCAHCoH (Eq. 6) 


where kAH is the bimolecular rate constant for decomposition of the 
ionized base and C O H  is the concentration of hydroxyl ions. 


:. dc.r/dt = (kA(1 - Q) + kAHffCoHjC,r (Eq. 7) 


mediate- 


For pseudo-first-order kinetics a t  constant pH: 


k = kA(1 - f f )  t kAHffCoH (Eq. 8) 


where k = observed first-order rate constant (seconds-'). 


:. k = (kAKa -k kAHKw)/(Ka + C H )  (Eq. 9) 
where C H  is the hydrogen-ion concentration, K O  is the dissociation con- 
stant for the basic group of chlorambucil, and K ,  is the water dissociation 
constant. 


Therefore, the model (Model B) becomes: 
log k = log (k&, -k kAHKe) - log ( K O  -k C H )  (Eq. 10) 
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Figure 5-Solvent effect on the chlorambucil hydrolysis rate in aque- 
ous-alcohol solutions at 25.0’. Key: 0, dielectric constant function = 
(D - 1)/(2D + I); and 0, dielectric constant function = I/D. Each point 
is the mean of three replicates. 


Model A was tested by regressing the observed rate constant (k) against 
the degree of ionization (a) (Fig. 4). An analysis of variance showed no 
significant deviations from linearity ( p  > 0.2). Thus, the data can be 
adequately interpreted by this model; i.e., the reaction proceeds by a 
unimolecular hydrolysis of the free base via a cyclic intermediate in 
parallel with a similar unimolecular hydrolysis of the ionized base. 


The magnitude of the two parallel mechanisms can be determined by 
calculation of the rate constants k A  and k AH. Linear regression analysis 
provided the following results: 


k A  = 9.436 X f 0.988 X ( p  = 0.95) (Eq. 11) 


kAH = -0.210 X f 0.225 X lo-’ ( p  = 0.95) (Eq. 12) 
The hypothesis that k A H  does not differ significantly from zero cannot 
be rejected It test: p ( t  = 1.93,22 d f )  = 0.1-0.05). Under these circum- 
stances, the rate constant kAH must be extremely small or zero. Hence, 
the decomposition occurred substantially by unimolecular hydrolysis 
of the free base. Hydrolysis of the ionized base was insignificant. 
Therefore, the data can be adequately represented by the model: 


k = k A ( 1  - a) (Eq. 13) 
In addition, since there was no significant departure from linearity shown 
by the analysis of variance, nonlinear terms such as kAHacOH in the bi- 
molecular Model B were unnecessary. Consequently, testing of Model 
B was irrelevant. 


Solvent Effects-Replicate rate determinations were made in 0.0, 
20.0, and 40.0% (v/v) ethanol in water a t  zero ionic strength by the con- 
ductimetric method. The effect of the dielectric constant on the hy- 
drolysis rate is shown in Fig. 5, where log k is plotted as a function of the 
dielectric constant (15), ix. ,  log k uersw I/D (Amis theory) or log k uersus 
(D - 1)/(20 t 1) (Laidler and Eying theory). The chlorambucil reaction 
rate increased markedly with the solvent dielectric constant. For a uni- 
molecular mechanism, this finding reflected the increased solvation (and, 
therefore, Stabilization) of the transition state (i.e.. ethyleneimmonium 
ion) with respect to the uncharged reactant (14). In contrast, for a bi- 
molecular reaction, an increase or decrease could be expected depending 
on whether the attacking nucleophile is uncharged or charged and, 
therefore, on the degree of charge dispersion in the transition state (14). 
The results obtained are thus consistent with the proposed unimolecular 
model but do not provide absolute proof of the reaction pathway. 


.y 
0 s 


-4.0! 


I 
0.00 0.05 0.10 


IONIC STRENGTH 
Figure 6-Ionic strength effect on the chlorambucil hydrolysis rate in 
borate buffer (pH 9.0) at 25.0’. Key: 0, mean of three replicate rate 
determinations; and -, fi t ted linear least-squares regression with the 
confidence limits (p = 0.95). 


Neither kinetic model provided a linear representation of the data. 
However, nonelectrostatic effects in the Laidler-Eyring and Amis models 
were assumed to be negligible. Therefore, specific effects such as hydrogen 
bonding and van der Waal’s forces of interaction between the solvent and 
reactant, which may be prevalent in chlorambucil hydrolysis in a hy- 
droalcoholic solution, could modify the efficiency of the solvent in pro- 
moting the reaction rate. If so, linearity of the log k-dielectric constant 
function cannot be expected (16). 


Salt Effects-The effect of common ions (chloride) on the reaction 
rate could not be ascertained since the required added chloride concen- 
trations markedly reduced the sensitivity of the silver-silver chloride 
electrode. However, the effect of noncommon ions (e.g., acetate, borate, 
and nitrate used in the study of pH effect) on the reaction rate was neg- 
ligible, as evidenced by the pH-independent region of the log k-pH profile 
in Fig. 3. The results are indicative of a unimolecular substitution where 
the rate-determining step is independent of nucleophilicity. For a bi- 
molecular mechanism, however, the reaction rate would be markedly 
dependent on the concentration and nucleophilic character of the at- 
tacking species (14). 


The general ionic strength effect also was studied. Replicate rate de- 
terminations using the potentiometric method were performed for 
chlorambucil hydrolysis in borate buffer (pH 9.0,O.Ol M), adjusted to 
ionic strengths 0.100, 0.050, and 0.025 with potassium nitrate. Rate 
constant determinations at  zero ionic strength were performed conduc- 
timetrically. Log k is regressed against the ionic strength (16) in Fig. 6. 
An increase in ionic strength caused a small acceleration of chlorambucil 
hydrolysis, which reflected the greater solvation and stabilization of the 
transition state at higher solvent polarity. For both the unimolecular and 
bimolecular pathways, an increase in the reaction rate with an increase 
in ionic strength would be expected (14). The small degree of acceleration 
of the observed rate was indicative of a reaction in a high dielectric con- 
stant solvent. 
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Abstract  o The effects of aspirin on 14C-pirprofen disposition in the 
rat were studied. An oral 6O-mg/kg dose of aspirin significantly reduced 
plasma radioactivity during the 1-8-hr interval after an intravenous 5- 
mg/kg injection of ‘Cpirprofen. The aspirin-treated group had only 69% 
as much area under the radioactivity curve as the control group. The 
radioactive material in plasma consisted almost entirely of 14C-pirprofen, 
as shown by GLC. The plasma clearance of I4C-pirprofen was 7.4 ml/hr 
for the aspirin-treated group and 5.1 ml/hr for the control group, while 
the volumes of distribution were 0.32 and 0.20 litedkg, respectively. The 
apparent elimination half-life was unchanged at 5.9 hr. 14C-Pirprofen 
was approximately 98.6% bound to plasma proteins, and the binding 
decreased to an average of 97.2% in the presence of salicylate. Binding 
to blood cellular constituents was insignificant. Rats given 14C-pirprofen 
by intravenous injection without aspirin secreted 36.04223% of the dose 
radioactivity into bile during 4 hr while a comparable group given 60 mg 
of aspirin/kg secreted 46.4-70.8%. TLC and GLC demonstrated that the 
radioactivity in rat bile was 80-9070 conjugated 14C-pirprofen. The in- 
creased radioactive material secretion into bile was compensated in the 
intact rat by reabsorption, since the total radioactive material excreted 
in urine was not changed by aspirin administration. 


Keyphrases Aspirin-effect on pirprofen disposition, rats Pir- 
profen-disposition, effect of aspirin, rats 0 Anti-inflammatory 
agents-pirprofen, disposition, effect of aspirin, rats 


Pirprofen, 2-[3-chloro-4(3-pyrrolinyl)-phenyl] propionic 
acid, is a new anti-inflammatory drug of the arylalkanoic 
acid type (1). 


Salicylate has been reported to reduce the plasma con- 
centration of various arylalkanoic acid compounds in- 
cluding indomethacin (2), fenoprofen (3,4), naproxen (5, 
61, and diclofenac (7) in animals and humans. Pirprofen 
concentrations in human plasma as well as that bound to 
plasma proteins were reduced by salicylate’, and the 
present study was undertaken to examine salicylate effects 
on the biological disposition of pirprofen in the rat. 


EXPERIMENTAL 


Radioactive Pirpr~fen-l~C-Pirprofen (I), with the radioactive atom 
in position three of the propionic acid moiety, was used2. The specific 


To be published. * The material was synthesized by Dr. Naba K. Chaudhuri and coworkers at 
Ciba-Geigy Corp., Ardsley, NY 10502. 


I 
activity was 13 rCi/mg. The labeled compound was examined by TLC 
using the procedures described later. The major constituent chromato- 
graphed like authentic pirprofin, and the only impurity was a substance 
comprising about 5% of the radioactivity. 


Animal Procedures-Young adult male Wistar rats3, -200 g, were 
used. 


I4C-Pirprofen dosage solutions were prepared in 0.2 M NaHC03 to 
provide 5 mg/kg and 3 pCi/animal in volumes of 0.3 ml for injection and 
1.0 ml for intubation. Aspirin4 was administered as a 6O-mg/kg aqueous 
dose by intubation. 


Blood samples were obtained by anesthetizing the rats with ether, 
opening the abdominal cavity, and exsanguinating uia the abdominal 
aorta into a heparinized 10-ml syringe. Blood plasma was frozen pending 
analysis. 


Bile duct cannulations were done under ether anesthesia for rats that 
were to receive intravenous 14C-pirprofen, and these rats were confined 
in restraining cages6 during bile collection. Rats receiving 14C-pirprofen 
orally were anesthetized with urethan4 rather than ether to preclude the 
necessity for restraint. A 25% solution of urethan in water was adminis- 
tered as a 1.25-g/kg ip dose. 


Radioactivity Measurements-A solubilizer-phosphore solution 
was prepared by mixing one volume of a commercial solubilizefi with four 
volumes of toluene containing 0.5% 2,5-diphenyloxa~ole~ and 0.01% p -  
bis(o-methylstyryl) benzenes. The solubilizer-phosphore solution (15 
ml) was mixed with 10 pl of injection solutions, 50 pl of ultrafiltrates, or 
0.1 ml of plasma, bile, or urine prior to duplicate sample counting in a 
liquid scintillation spectrometer9. Counting efficiency was measured by 
external standardization. 


Whole blood (0.1 ml) was pipetted onto 2.5-cm circles of filter paper 
and dried before combustion’0. The resulting carbon dioxide was ab- 
sorbed in 4 ml of ethanolamine to  which 9 ml of methanol and 6 ml of 
scintillator solution, containing 15.0 g of 2.5-diphenyloxazole and 1 .O g 
of p-bis(o-methylstyry1)benzenehiter of toluene, were added for 
counting. 


TLC-Aliquots (20 pl) of bile or an equivalent amount of hydrolyzate 


CharleR River C.D. or Marland Farms. 
Merck and Co., West Point, PA 19486. 
Aerospace Induhes ,  Garnerville, NY 10923. 
Bio-Soh BBS-3, Beckman Instruments, Fullertr~n, CA 92634. 


Packard Instrument Co., Downers Grove, IL 60515. 
lntertechnique SL-40, INNS Service Corp.. Fairfield, NJ 07006. 


’ Eastman Kodak Co., Rochester, NY 14650. 


lo Model 305 oxidizer, Packard Instrunlent Co., Downers Grove, IL60515 
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Abstract  0 Fluorenone oxime is converted to phenanthridinone by 
enzymes present in rat liver homogenates. The reaction is analogous to 
the chemical Reckman rearrangement. The oxime-amide rearrangement 
enzyme is localized primarily in the microsomes, with some activity in 
the cytosol. The reaction requires reduced nicotinamide adenine dinu- 
cleotide phosphate and observes Michaelis-Menten kinetics. The reaction 
is relatively slow (V,,, = 7.75 f 2.01 nmoles of phenanthridinone 
formed/100 mg of liver/l5 min), but the enzyme reaches maximum ve- 
locity at  relatively low substrate concentrations ( K ,  = 3.90 f 1.85 X 
M ) .  The reaction is strongly competitively inhibited by 1-decylimidazole 
( K I  = 3.75 f 1.77 X M )  and inhibited to a lesser extent by the che- 
lating agents bipyridyl ( K I  = 1.33 f 0.21 X M) and ethylenediamine 
tetraacetate (KI = 1.00 f 0.28 X M )  and the sulfhydryl binding 
agent p-chloromercuribenzoate ( K I  = 2.71 f 0.07 X loA4 M). Studies also 
suggest that the reaction mechanism does not involve initial enzymatic 
substrate esterification through acetylation, glucuronidation, phos- 
phorylation, or sulfation. 


Kcyphrases Fluorenone oxime-metabolic conversion to phenan- 
thridinone by hepatic enzymes, in uitro, kinetics 0 Phenanthridi- 
none-produced from fluorenone oxime by hepatic enzymes, in uitro, 
kinetics 0 Enzymes, hepatic-conversion of fluorenone oxime to 
phenanthridinone, in uitro, kinetics 


Oximes are metabolic products formed by liver micro- 
soma1 oxidation of primary aliphatic amines (1, 2). Al- 
though these products were considered to be metabolically 
unreactive, they were susceptible to enzymatic reduction 
to the corresponding hydroxylamine and amine in several 
animal species (3,4). Fluorenone oxime (I), when admin- 
istered intravenously to rats, is converted (Scheme I) to  
phenanthridinone (II), which is subsequently excreted in 
the urine (5). The  enzymes responsible for this transfor- 
mation are localized primarily in the liver microsomes (61, 
with minor activity in the nuclear and mitochondria1 
fractions. 


This report describes the enzymatic transformation 
kinetics and provides information to help characterize the 
oxime-amide rearrangement enzyme. 


EXPERIMENTAL 


Apparatus-High-performance liquid chromatography (HPLC) was 
performed on a component system', and analytes were detected with an 
absorbance detector operated a t  254 nm. 


Materials-Fluorenone oxime and phenanthridinone were synthe- 
sized by literature methods (7). Liver enzymes were prepared from male 


'OH 
I I1 


Scheme I 


Sprague-Dawley rats, 200-250 g, as described previously (8). 
Enzymatic Assay-Incubation mixtures contained enzyme equivalent 


to 100 mg of liver, a reduced nicotinamide adenine dinucleotide phos- 
phate (111)-generating system [nicotinamide adenine dinucleotide 
phosphate (1 pmole), glucose-6-phosphate (20 pmoles), glucose-6- 
phosphate dehydrogenase (1 unit), and magnesium chloride (100 
pmoles)], fluorenone oxime, and phosphate buffer (0.05 M ,  pH 7.4) ad- 
justed to a final volume of 5 ml. 


Incubations were carried out for 15 min with agitation in a Dubnoff 
metabolic incubator a t  37O. All reagents in the system used to generate 
111 were in excess with respect to requirements for I11 during the entire 
incubation. 


Analytical Methodology-Incubations were terminated by the ad- 
dition of 10 ml of chloroform to the reaction mixture. The mixture was 
shaken for 20 min and centrifuged a t  2500Xg. The organic layer was re- 
covered [extraction efficiency of I1 298% (6)] and evaporated to dryness 
under nitrogen. The mixture was dissolved in 200 pl of dimethylform- 
amide containing 20.8 nmoles of phenanthrene, present as an internal 
standard. 


Aliquots (10 pl) of this mixture were analyzed by HPLC on a 4-mm 
0.d. X 30-cm column2. Components were separated using methanol- 
methylene chloride-water (605:35) as the mobile phase (flow rate of 2 
ml/min). Under these conditions, the retention volumes ( V R )  were: 
phenanthridinone, 7.1 ml; fluorenone oxime, 10.4 ml; and phenanthrene 
(added as internal standard), 26.7 ml. Quantitation of I1 was hased on 
comparison of the peak height ratio (analyte-internal standard) with a 
standard curve prepared after analysis of liver homogenate samples 
containing known amounts of I and I1 in the 8.6 X 10-6-1.4 X M 
range. This response was related linearly to concentration, yielding the 
line y = 0.05% - 0.005 (zero-order correlation 0.99) after least-squares 
analysis. 


Kinetic Measurement-The Michaelis constants ( K , )  and the 
maximum velocity (VmaX) for the conversion of I to I1 were determined 
from double-reciprocal (Idineweaver-Burk) plots of initial velocity against 
substrate concentration (9), which varied over the range of 62-1000 p M .  
The line of best fit was determined hy least-squares regression analysis. 
In experiments to determine the effect of various chemicals on enzyme 
activity, the test compounds were added to the incubation mixture con- 
currently with the substrate (I). Microsomes isolated by centrifugation 
of the 9000Xg supernate of liver homogenates a t  105,OOOXg were not 
subjected to additional purification. 


RESULTS AND DISCUSSION 


A previous report (6) showed that the conversion of I to I1 in liver ho- 
mogenates is an enzymatic process. Now it is shown that the major 
oxime-amide rearrangement enzyme responsible for the rearrangement 
ot' fluorenone oxime (present a t  concentrations of 10-4 M )  is present in 
liver microsomes (6.04 f 1.25 nmoles of phenanthridinone formed/100 
mg of liver/l5 min), with the cytosol exhibiting -:W% of'this activity ('2.32 
f 0.02 nmoles of phenanthridinone formed/100 mg of lived15 min). 


Minor activity was observed in nuclear and mitochondria1 subcellular 
liver fractions. Repeated washings (six times) of the microsomal pellet 
(resuspending the pellet in the buffer and then centrifugating a t  
105,OOOXg for 45 min) caused no loss in enzyme activity, suggesting that 
the enzyme is bound relatively tightly to the membrane surface. Essen- 
tially no oxime-amide rearrangement was observed in the buffer used 
to wash the microsomal pellet. 


Compound I11 was required as a cofactor for activity in both micro- 
somes and cytosol(6). Neither oxidized nor reduced nicotinamide adenine 
dinucleotide nor oxidized nicotinamide adenine dinucleotide phosphate 
(NADP) was an effective cofactor for these enzymes. The role of 111 in 


2 pBondapak C-18, Waters Associates, Milford, Mass.  I Waters Associates. Milford, Mass.  
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Figure 1-Rate of fluorenone oxime rearrangement to phenanthridi- 
none determined as a fuhction of the substrate concentration. 


the transformation of I to I1 has not been elucidated. Conversion of I to 
11 results in no net change in the oxidation state, so the involvement of 
I l l  in a redox role is questionable. 


Incubation of I with tritiated 111 resulted in the formation of I1 with 
no incorporation of tritium in the product. Compound 111 was consumed 
during both the microsomal- and cytosol-catalyzed rearrangement of I, 
as determined by monitoring the reaction spectrophotometrically a t  340 
nm. Although this result could suggest that  the cofactor plays an elec- 
tron-transfer role in the oxime-amide rearrangement enzyme-catalyzed 
reaction, the experiment was inconclusive because HPLC analysis of 
incubation mixtures showed that I was converted to products other than 
I1 (particularly in microsomes), and these transformations probably re- 
quired 111. This supposition is supported by the fact that  111 was con- 
sumed more rapidly than can be attributed solely to the enzymatic for- 
mation of 11. Biotransformation of I occurred with 111 consumption, but 
i ts  role in the reaction under study could not be segregated from the total 
substrate biodegradation. 


Microsomal oxime-amide rearrangement enzyme-catalyzed reaction 
kinetics were determined by measuring the initial 1-11 conversion rate 
at  substrate concentrations of 5 X 10-4, 4 X and 2 X 
M. Since microsomes were used without further purification, the observed 
K,,, and K, values may have been influenced by nonspecific substrate 
binding to proteins other than the oxime-amide rearrangement en- 
zyme(s). Double-reciprocal plots of initial velocity data uersus substrate 
concentration yielded the straight line u-’ = 5.03 X 10-6S-’ + 0.13 ( r  
= 0.99). The plot linearity indicates Michaelis-Menten kinetics (10). 


Values of K,,, and VmaX extracted from these plots were 3.90 f 1.85 X 
M and 7.75 f 2.01 nmoles of I 1  formed/100 mg of lived15 min (for 


eight determinations), respectively. Therefore, the reaction was quite 
slow, but the enzyme reached maximum velocity a t  relatively low sub- 
strate concentrations. Figure 1 shows reaction rate as a function of sub- 
strate concentration. 


The microsomal oxime-amide rearrangement enzyme system was 
further investigated by assessing the ability of certain compounds to 
inhibit the conversion of I to 11. Three compounds that are structurally 
similar to I, carbazole, 2-nitrofluorene, and 9-aminofluorene, had no effect 
on the reaction in question when I was incubated with the microsomal 
system a t  a 10-4 M concentration and the potential inhibitors were 
present in a concentration of or M. At substrate 
(I)  concentrations of M, ethyl 2,2-diphenylvalerate failed to inhibit 
the reaction when present a t  concentrations below M; however, when 
this potential inhibitor was added a t  concentrations of M ,  reaction 
was inhibited 62% during a 15-min incubation period. 


N-Decylimidazole, a known inhibitor of microsomal mixed-function 
oxidases ( l l ) ,  was a potent competitive inhibitor of the microsomal 
oxime-amide rearrangement system (Table I), inhibiting the conversion 
of I to I1 by 77% when the substrate and inhibitor were present a t  con- 
centrations of and M, respectively. However, cytochrome P-450 
wm not involved in the reaction since conversion of I to I1 waa not effected 
by either carbon monoxide (6) or microsome preexposure to UV light. 
The imidazole inhibitory role in this reaction is, therefore, probably not 
that  normally associated with this class of inhibitors. 


Chelating agents bipyridyl and edetate sodium also inhibited the 
biotransformation of I to I1 (Table I), suggesting that metal ions may play 
a role in the enzymatic reaction. However, when the substrate was incu- 
bated with microsomes and 111 (not a reduced nicotinamide adenine di- 
nucleotide phosphate-generating system but I11 itself), the rearrange- 


Table  I-Inhibition Constants for Various Compounds toward 
Microsomal Oxime-Amide Rearrangement  Activity n , b  


Inhibitor Concentration, 
Inhibitor M K I  f SEM‘, M 


N-Decylimidazole lo+, 5 X 3.75 f 1.77 x 
Bi yridyl 10-3 1.33 f 0.21 x 
EB etate sodium 10-3 1.00 f 0.28 X 
p -Chloromercuri- 2.71 f 0.07 X 


benzoate 
Oxime-amide rearrangement activity assayed as described previously ( 6 )  using 


fluorenone oxime as the substrate. Fluorenone oxime incubated at Concentrations 
of 20,40.100. and 500 pM. C Each inhibitor showed linear competitive kinetics, and 
inhibition constants were calculated from Lineweaver-Burke plots (9, 15). 


ment was not inhibited when magnesium ion was totally excluded from 
the incubation mixture. Thus, the observed inhibitory effects of chelating 
agents on the enzymatic I - I1 conversion apparently do not result from 
an inhibition of 111 formation (when an NADPH-generating system is 
used) due to complexation of the magnesium ion required for 111 for- 
mation. 


Microsomal oxime-amide rearrangement enzymes also were sensitive 
to the sulfhydryl binding reagent p-chloromercuribenzoate; this reagent 
also competitively inhibited the rearrangement (Table I), suggesting the 
possible involvement of a thiol linkage in the transformation. Chelating 
agents and sulfhydryl binding agents rarely exhibit competitive kinetics 
with regard to reactions such as the one under investigation. No expla- 
nation is offered a t  this time for this observation. 


Microsomal oxime-amide rearrangement activity also was studied as 
a function of pH. With a substrate concentration of 5 X M (13 Km), 
maximum activity was observed at pH 7.1 with diminished activity on 
either side of this maximum (Fig. 2 )  over the pH 6.0-8.2 range. All of the 
experiments in the study were carried out a t  pH 7.4 to compare oxime- 
amide rearrangement activity with other microsomal enzyme (mixed- 
function oxidase) processes acting on fluorenone oxime and to provide 
an environment for the microsomal suspension that was most similar to 
that encountered in uiuo. 


It was postulated (5,6) that the role of the oxime-amide rearrangement 
enzyme may be to  esterify the oxime, producing an intermediate with a 
high propensity for formation of a transitory nitrenium ion (IV), which 
undergoes facile rearrangement to yield the amide (11, Scheme 11). This 
mechanism is identical with one that occurs during the Beckman rear- 
rangement (12) of I to 11. Four enzymatic esterifying systems were in- 
vestigated as potential catalysts for the reaction: acetylation, glucuron- 
idation, phosphorylation, and sulfation. Incubation of either microsomal 
or cytosol fractions with acetyl CoA (an acetylating substrate), uri- 
dinediphosphoglucuronic acid (a glucuronidation precursor), or adenosine 
triphosphate (a phosphorylating reagent) failed to facilitate the con- 
version of I to 11. 


The sulfation reaction was studied in greater detail because of its 
participation in the analogous enzymatic conversion of arylhydroxyl- 
amines to electrophilic intermediates (13). However, reaction of I (at  
levels of M )  with cytosol and/or microsomal homogenates to produce 


N 
Q-R 


Iv 
t 


II 
Scheme 11-Postulated mechanism for enzymatic transformation of 


fluorenone oxime to phenanthridinone. 
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Figure 2-  Hepatic microsoma/ oxime-amide rearrangement enzyme 
actiuity tou:ard fluorenone oxime determined as a function of pH. Each 
point is the awragc  of six determinations. 


I1 was not stimulated by the addition of either inorganic sulfate (6.5 X 
M )  or adenosine triphosphate plus sulfate. Furthermore, the reac- 


tion was not inhibited by p-nitrophenol (1 X M), a known consumer 
of sulfate (14)  (and, therefore, a potential competitive inhibitor of the 
oxime-amide rearrangement system), or 3’,5’-adenosine diphosphate, 
another known sulfation inhibitor ( 14). These results suggest that en- 
zymatic conversion of I to I 1  does not involve oxime substrate esterifi- 
cation prior to rearrangement. The reaction mechanism remains a mys- 
tery hut is being studied. 
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Abstract 0 5-Azarytidine (1) statiility was increased approximately 
IO-fold over its stability in water or lactated Ringer injection by the ad- 
dition of excess sodium bisulfite and the maintenance of pH -2.5. The 
increased stability in the presence of bisulfite a t  pH 2.5 was attributed 
to the addition of hisulfite across the 5-6 protonated imine hond of I, 
which prevented the hydrolytic attack on this lahile double hond. How- 
ever, above pH 4, bisulfite increased I degradation. At higher pH, the 
compound was no longer protonated and hisulfite did not form the stable 
addition product. The addition compound quickly decomposed ahove 
pH 6 to give hack the parent compound and, thus, acted as a I prodrug. 
The intact drug remaining was assayed hy high-pressure liquid chro- 
matography ( H P I L ) ,  and the reversibility of the hisulfite-1 addition 
product ahove pH 6 was demnnstrated by U V  spectrophotometry and 
HP1.C. The potential utility of the bisulfite-I addition product as a I 
prodrug in parenteral and possilile oral dosage forms is discussed. 


Keyphrases 0 Azacytidine-prodrugs, sodium bisulfite, stabilization 
in aqueous solutions, effect of pH Sodium bisulfite-stabilization of 
azacytidine in aqueous solutions, effect 01 pH, prodrugs Prodrugs- 
azarytidine, stahilization hy sodium hisulfite Antineoplastic 
agents-azacytidine, prodrugs, sodium bisulf’ite complex 


The  use of‘ 5-azacytidine (I) in acute myelogenous leu- 
kemia (1-3) is often limited by severe and sometimes 
dose-limiting nausea and vomiting (4, S). Although the GI 
toxicity can be controlled effectively by administering the 
drug as a slow infusion (6, 7), extreme drug instability 
(8-10) poses a serious problem. Even when I is infused in 
lactated Ringer injection, which provides optimum sta- 


bility conditions for the drug a t  pH 6.4, -10% of I is lost in 
2 hr a t  room temperature (8). 


BACKGROUND 


Systematic kinetic studies on the I hydrolysis (8-10) revealed that 
hydrolysis proceeds by the classical acid-catalyzed hydration of the 5-6 
imine double hond (Scheme I ) ,  followed by deamination to yield the 
formyl derivative, N-(formylamidino)-N-P-D-rihofuranosylurea (11). 


I1 
Scheme I 
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Abstract  The effects of stirring and basket placement on tablet dis- 
solution using the previously developed Shah spin-filter device were in- 
vestigated. Visualization of flow and dissolution patterns was possible 
by testing nondisintegrating colored tablets. Dissolution experiments 
were conducted on nondisintegrating double-layered tablets containing 
salicylic acid as the dissolving layer and ethylcellulose as an inert non- 
dissolving layer. Visual observations revealed that color was drawn more 
rapidly from the tablet face resting on the bottom of the basket. Disso- 
lution data from multilayered tablets revealed that when the salicylic 
acid face was resting on the bottom of the basket, the dissolution was 
appreciably more rapid than when it was facing up in the basket. This 
phenomenon was found for several stirring speeds. 


Keyphrases 0 Dissolution devices-spin filter, effects of tablet position 
and basket type, comparison to USP basket method Dissolution testing 
systems-spin filter compared to USP basket method, effects of tablet 
position and basket type Dosage forms-tablets, dissolution testing, 
spin filter compared to USP basket method, effects of tablet position and 
basket type 


The dissolution profile of oral solid dosage forms is 
useful for controlling formulation and process variables 
that influence the bioavailability of the active ingre- 
dient. 


An apparatus receiving acceptance by the scientific 
community is the spin-filter dissolution device developed 
by Shah et al. (1,2). This apparatus provides a dynamic 
in situ microporous nonclogging rotating filter, which 
permits continuous and efficient filtration of the dissolu- 
tion fluid. Furthermore, its relatively large filter area ex- 
tends over most of the dissolution fluid, which permits 
representative sampling of the bulk dissolution medium. 
The smooth cylindrical surface .of the rotating filter as- 
sembly without impeller blades and its agitation over a 
long vertical axis provide uniform, mild, laminar, 
nonturbulent, and reproducible stirring even at relatively 
high speeds. 


In addition to a change in the stirring method from the 
USP apparatus (3), the basket mesh size was changed from 
the 40 mesh used in the USP basket to 12 mesh (1,2). This 
change was made to prevent clogging of the basket pores 
by disintegrating tablets. 


BACKGROUND 


A study was undertaken to examine the spin-filter dissolution device 
hydrodynamically. Acceptance will probably increase since the spin filter 
was announced as acceptable for industrial dissolution testing by the 
Food and Drug Administration (4). 


Several studies have been undertaken to examine dissolution devices 
hydrodynamically and to compare the spin-filter device to other disso- 
lution devices (5-11). Skelly (12) and Grostic (13) highlighted the need 
for dissolution device standardization and suggested the use of non- 
disintegrating salicylic acid tablets as a calibrator to overcome device- 
to-device and laboratory-to-la boratory variations. 


A carefully controlled study of the diffusion and hydrodynamic vari- 
ables in the spin device seemed necessary. Nondisintegrating tablets were 
used so that hydrodynamic flow patterns rather than basket clogging or 
particle buildup would be the chief measurement parameter. Dye studies 
were initiated to measure visibly the large-scale flow patterns that would 
affect the dissolution of disintegrating as well as of nondisintegrating 
tablets. Nondisintegrating salicylic acid tablets were used (5) in this 
study, although special double-layered tablets were valuable for mea- 
suring position face as a variable. Direct correlation with nondisinte- 
grating tablets may not be warranted, but such a study would provide 
valuable information in quantitating hydrodynamic effects and would 
apply directly to nondisintegrating dosage forms such as sustained-release 
products. 


EXPERIMENTAL 


All reported dissolution data were obtained using a device’ reported 
by Shah et al. (1,2) with the sample basket removed. The basic features 


Rotating filter dissolution device, courtesy of‘ The Upjohn Co., Kalamazoo, 
Mich. 
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Figure 1-Schematic diagram of the basket types and the suspended 
tablets used. Key: A, USP basket (40-mesh screen); R, Shah basket 
(12-meshscreen); and C, nu basket, tablet suspended on the nut and bolt 
(used in System I). 


Figure 2-Salicylic acid dissolution profiles demonstrating the effect 
of salicylic acid layer position on dissolution from the Shah basket at 
YO0 rPm. Key (salicylic acid layer position): 0, faced up; *,faced down; 
and 0, up-down. 


of this apparatus were a large volume fluid container, a rotating filter 
assembly, and an external, variable-speed magnetic stirrer. The rotating 
filter assembly provided a variable, mild, laminar liquid agitation and 
also functioned as an in situ nonclogging filter to permit efficient inter- 
mittent or continuous filtration of the dissolution fluid samples. A single 
dissolution cell with the temperature held at 37’ was used for all 
studies. 


The dissolution medium was an aqueous solution buffered at  pH 7.2 
with phosphate buffer USP (5). The assay was conducted spectropho- 
tometrically at 296 nm using a flowcell with a sample flow rate of 100 
ml/min. The tablet radius was 0.624 cm, and the average tablet thickness 
was 0.194 cm. Double-layered tablets of 0.624-cm radius consisted of 150 
mg of salicylic acid and 150 mg of ethylcellulose. The ethylcellulose was 
compressed at 317 kg of pressure for 15 sec with a hydraulic press2. Sal- 
icylic acid powder was poured on the top of the compressed ethylcellulose 
in the die3, and the two ingredients were compressed at 2268 kg for 15 sec. 
Single-layer, 300-mg salicylic acid tablets of 0.624-cm radius were com- 
pressed at 2268 kg for 15 sec. Nondisintegrating colored tablets made 
from polyethylene glycol 4000 USP and FD&C Red No. 3 were employed 
to demonstrate stirring effects and flow patterns for single-layer tablets 
in the disdution medium. 


Stirring speeds of 300 and 500 rpm were employed. The tablet was 
placed in the device using a 12-mesh basket (Shah basket), a 40-mesh 
screen basket (USP basket), or no basket (Fig. 1). When no basket was 
used, a nut and bolt assembly held the tablet in place (Fig. 1C); a hole was 
drilled in the tablet center, and a nut and bolt were used to connect the 
tablet to the holder assembly. All experiments were conducted in the 
same dissolution flask, thereby eliminating cell-to-cell variation. 


Three tablet face positions were utilized. The “faced down” position 
utilized a double-layered tablet with the salicylic acid face resting on the 
bottom of the basket or on the bottom of the nut and bolt holder with no 
basket (Fig. 1). The “faced up” position utilized a double-layered tablet 
with the inert ethylcellulose layer resting on the bottom of the basket or 
on the nut and bolt holder (Fig. 1). In the “up-down” position, a single- 
layered pure salicylic acid tablet was utilized; thus, both tablet faces were 
active salicylic acid. 


RESULTS AND DISCUSSION 


An analytical methodology was developed to determine if the basket 
type, stirring speed, or tablet position in the basket would affect the 
dissolution rate of a nondisintegrating tablet. The systematic investi- 
gation of the tablet position effect on dissolution was begun with flow 
pattern visualization. Red polyethylene glycol tablets demonstrated that 
the color was drawn faster from the bottom than from the top of a tablet 


* Carver laboratory press model K, Fred S. Carver Inc., Summit, N.J. 
Beckman ACTA die model D-01, Beckman MlIC Ltd., Fife, Scotland. 


placed in the Shah basket. As a result of this demonstration and to show 
the quantitative effect of flow patterns on tablet dissolution in a basket, 
double-layered salicylic acid tablets were designed. 


The salicylic acid dissolution profiles (Fig. 2) demonstrate the effect 
of the salicylic acid layer position on the salicylic acid dissolution rate 
from the Shah basket at 300 rpm. The y-axis in this plot is the total sal- 
icylic acid dissolved in milligrams, and the x-axis is the time ih seconds. 
Each point is the average of three experiments, and the associated 
standard deviation is indicated by the vertical line. The slopes and in- 
tercepts are for least-squares lines for 10 min of data. In all three cases, 
the dissolution data were linear and highly reproducible, with correlation 
coefficients of 20.99. The dissolution profile for the up-down position 
was the most rapid, with the least-squares slope of 2.61. The dissolution 
rate for a double-layered salicylic acid tablet for the faced down position 
was much more rapid than for the faced up position. 


To examine the differences among these three positions, an experiment 
with a 500-rpm stirring speed was performed. When compared with Fig. 
2, Fig. 3 demonstrates that the dissolution profiles were affected more 
a t  500 rpm than at  300 rpm. Again, the dissolution for the faced down 


, -  


MINUTES 
Figure 3-Salicylic acid dissolution profiles demonstrating the effect 
of salicylic acid layer position on dissolution from the Shah basket a t  
500 rpm. Key (salicylic acid layer position): 0, faced up; *,faced down; 
and 0, up-down. 
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MINUTES 


Figure 4-Salicylic acid dissolution profiles demonstrating the effect 
of salicylic acid layer position on dissolution from the USP basket at 
300 rpm. Key (salicylic acid layer position): 0 ,  faced up; *,faced down; 
and 0, up-down. 


position was much more rapid than for the faced up position. The dis- 
solution profile for the up-down position was the most rapid, with a 
least-squares slope of 3.1 1, and was approximately equal to the summa- 
tion of the faced up and faced down data. Therefore, the screening may 
interfere with the flow patterns around the salicylic acid layer tablet in 
the faced up position, increasing the effective diffusion layer. In contrast, 
the faced down tablet has a relatively higher dissolution rate because the 
salicylic acid layer in this position is in juxtaposition with the flow stream, 
which decreases the effective diffusion layer. 


Since the USP dissolution basket is the most well known and com- 
monly used, its effect on the dissolution rate was of interest. The disso- 
lution medium flow pattern was visualized. The red color was being drawn 
again more from the bottom than from the top of the tablets but less 
dramatically than with the Shah basket. 


The dissolution profile for the up-down position with the least-squares 
slope of 1.56 was the most rapid (Fig. 4). Even though the dissolution rate 
for the faced down position was slightly more rapid than the rate for the 
faced up position, the apparent difference between dissolution profiles 
was much less than for the Shah basket. The two dissolution profiles (Fig. 
4) were close together, with least-squares slopes of 1.02 for the faced down 
and 0.95 for the faced up positions. The dissolution data for both positions 
a t  500 rpm (Fig. 5) show that any apparent difference between the two 
positions was negligible. As expected, the dissolution profile for the up- 
down position was the most rapid. 


One possible explanation for this phenomenon is that  the USP basket 
has a stainless steel ring on the bottom, which is not present in the Shah 
basket. This ring should account for an increase in the stagnant layer a t  
the bottom of the USP basket and for the decrease of salicylic acid dis- 
solution in the faced down position. 


MINUTES 


Figure 6-Salicylic acid dissolution profiles demonstrating the effect 
of salicylic acid layer position on dis.solution from the “no basket” 
system at 300 rpm. Key (salicylic acid layer position): 0 ,  faced up; *, 
faced down; and 0, up-down. 


All of the Shah basket dissolution rates were noticeably higher than 
the USP basket rates. Hence, the ratio of  the Shah basket rates t o  those 
of the USP basket minus 1 was computed to show more clearly the dif- 
ferences in percentage. 


According to the faced down comparison, the Shah basket was 76.5% 
faster at  300 rpm and 67.5% faster a t  500 rpm than the USP basket. The 
faced up comparison shows that the Shah basket was 42.1% faster at 300 
rpm and 27.5% faster at 500 rpm than the USP basket. With the faced 
down position, the dissolution data were affected more drastically by 
basket type. As mentioned, one possible explanation is that the stainless 
steel ring a t  the bottom of the USP basket yielded the significant disso- 
lution rate decrease. 


With the faced up position, this difference decreased 27.5% a t  500 rpm. 
One possible explanation is that even though the wider screen size in the 
Shah basket seemed to yield more rapid dissolution than did the USP 
basket screen, a t  the faster stirring speed the flow stream is more capable 
of penetrating the USP basket screen than at lower speeds such as 300 
rpm. The net result is a higher stirring speed effect with the USP 
basket. 


The updown data comparison shows differences of 67.3% a t  300 rpm 
and 41.4% a t  500 rpm. The resulting ratios were intermediate between 
the two other data sets. Although the slopes of the lines do  not perfectly 
represent the rate, especially for the up-down dissolution data, they do 
excellently represent the effects of the baskets on the dissolution rate. 


The stirring speed effect on the dissolution rate was determined by 
computing the ratio of the slopes at 500 to 300 rpm minus 1. The Shah 
basket dissolution data yielded percentages of 23.7% in the faced up 
position, 17.2% in the faced down position, and 19.1% in the up-down 


MINUTES 


Figure 5-Salicylic acid dissolution profiles demonstrating the effect 
O f  salicylic acid layer position on dissolution from the USP basket at 
500 rpm. Key (salicylic acid layer position): 0,  faced up; *,faced down; 
and 0, up-down. 


MINUTES 


Figure 7-Salicylic acid dissolution profiles demonstrating the effect 
of basket type  on the dissolution of salicylic acid in the fared down po- 
sition at 300 rpm. Key: 0, Shah basket; *, USP basket; and *, no 
basket. 
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MINUTES 
Figure 8-Salicylic acid dissolution profiles demonstrating the effect 
of basket type on the dissolution of salicylic acid in the faced up  position 
at 300 rpm. Key: *, Shah basket; 0, USP basket; and 0, no basket. 


position. With the USP basket, the dissolution rates yielded 37.9,23.5, 
and 41.096, respectively. These data suggest that the double-layered 
salicylic acid tablet was more affected by the stirring speed when placed 
in the USP basket than when placed in the Shah basket. 


These experiments show that the basket screen, the stainless steel ring 
at the bottom of the USP basket, and the basket itself affected the dis- 
solution rate of double-layered salicylic acid tablets. Therefore, to test 
the premise that the screen or the ring a t  the basket bottom in the di- 
rection of the flow stream caused the effect, the “no basket” condition 
was tested (Fig. 6). 


The faced down and the faced up positions yielded almost identical 
dissolution profiles, with least-squares slopes of 1.42 and 1.43, respec- 
tively. When the tabket was suspended, there was no obstruction of the 
flow pattern, so the dissolution data for both positions were almost 
identical. The least-squares slope for the up-down position was 2.42 and 
was approximately equal to the summation of the two individual 
slopes. 


The effects of position on dissolution rate were compared (Fig. 7). At 
300 rpm, the faced down dissolution profile was faster for the Shah basket 
than for the no basket condition. The no basket dissolution was less rapid 
than expected. A possible explanation would be that the nut and bolt, 
present to suspend the tablet, took up -10% of the total surface area and 
might have blocked the flow stream. As anticipated, the USP basket 
dissolution data were the slowest. 


Figure 8 shows the faced up dissolution data at 300 rpm. The no basket 
dissolution rate was more rapid than the Shah basket dissolution rate. 
The no basket dissolution rate would have been expected to be much 
faster if the suspended tablet did not lose -10% of the total surface area 
due to the nut and bolt. This figure seems to indicate that, in the faced 
up position, the mesh screen in the Shah basket interferes with the flow 
pattern, resulting in an increased stagnant layer and a decreased disso- 
lution rate. The USP basket, with the finer mesh screen, had the slowest 
dissolution rate. 


To demonstrate the effect of position on the dissolution rate, the ratio 


of slopes of the faced down to the faced up minus 1 were calculated. The 
percentage values were 33.3% at  300 rpm and 26.3% at  500 rpm for the 
Shah basket condition and 7.4% at 300 rpm and -3.8% a t  500 rpm for the 
USP basket. The data indicate no significant position effect on dissolu- 
tion from the U$P basket. The effect was more drastic in the Shah basket. 
As expected for the no basket condition, position was not the important 
factor in determining tablet dissolution. 


In summary, the dissolution data showed definite tablet position de- 
pendency effects when double-layered salicylic acid tablets were tested 
with a 12-mesh basket. This finding is potentially important in dissolu- 
tion testing for tablets in general and for multilayered tablets in partic- 
ular. Data from dissolution 6xperiments with the finer 40-mesh USP 
basket compared with data with no basket present indicate that both 
screen size and basket design must be considered. Specifically, the sup- 
port bar on the bottom of the USP basket appears to influence the 
measured dissolution rates. 


The data support the idea that mechanical factors such as screen size 
and basket design play an important role in dissolution testing, especially 
with nondisintegrating tablets. Disintegrating tablets may yield different 
dependencies. Hydrodynamic characterization is important to tablet 
testing, to the establishment and understanding of procedures for opti- 
mum use of the device, and to the correct interpretation of test re- 
sults. 
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theory is based on the widely quoted explanation of Duvoisin et al. (22) 
for their finding that pyridoxine reduces or abolishes the antiparkin- 
sonian effect of levodopa. They suggested that pyridoxine, in the form 
of pyridoxal phosphate, increases decarboxylase activity so that more 
levodopa is converted to dopamine in the periphery and less is available 
to penetrate into the central nervous system. However, this mechanism 
was refuted by Johnson et al. (23), who found no evidence of decarbox- 
ylase facilitation in levodopa-treated Parkinsonian patients receiving 
pyridoxine. These investigators offered the formation of a Schiff‘s base 
complex between pyridoxal phosphate and dopamine (24,25) and other 
mechanisms (26) as alternative explanations. 


Harris et al. (13) suggested that pyridoxine hydrochloride directly 
inhibits prolactin release and that dopamine involvement is unlikely. The 
present results may support the concept of direct prolactin inhibition 
by pyridoxine hydrochloride since pyridoxal hydrochloride also can be 
readily metabolized to the active form of the vitamin that serves as the 
coenzyme in the conversion of dopa to dopamine. In addition, although 
studies with radioactive tracers showed that  an equilibrium between all 
active vitamin Be forms is established in the mammalian organism, this 
equilibrium does not result when large doses are given (27, 28). Even 
though the effects of pyridoxal hydrochloride on chlorpromazine hy- 
drochloride-induced prolactin secretion were tested at two different time 
intervals, a different sampling time may reveal a prolactin-suppressant 
effect for this form of the vitamin. 


Clarification of the mechanism(s) by which pyridoxine hydrochloride 
partially inhibits prolactin secretion requires further study. 
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Abstract o Two improvements in propranolol resolution were devel- 
oped. Both the (+)- and (-)-di-@- toluoy1)tartaric acids were used as the 
resolving agents. This procedure reduced the number of crystallizations 
needed to obtain a pure product. Furthermore, synthesis of the resolving 
agent was improved. 


Keyphrases 0 Propranolol-racemic mixtures, resolution of enantio- 
mers, (+)- and (-)-di-(p-toluoy1)tartaric acids used as resolving agents 
o Enantiomers-propranolol, resolving agents 


Propranolol (I) [ 1-isopropylamino-3-( 1-naphthoxy)- 
2-propanol1, the principal commercially available 6- 
adrenergic blocking agent, is usually supplied as the ra- 
cemic compound’. The (-)-isomer has as much as 60 times 


~~ 


Available as (*)-propranolol hydrochloride (Inderal) 


greater @blocking activity than the (+)-isomer (I). Not 
only can there be significant differences in the pharma- 
cological activity of the enantiomers, but, as has been 
shown for other drugs, there also can be significant meta- 
bolic differences (2,3). 


DiSCUSSION 


There is only one preliminary report on the metabolism of propranolol 
enantiomers (4). In preparation for a metabolic study in humans, two 
improvements in the overall procedure for resolution of these enantiomers 
were made. First, preparation of the resolving agent [di-(p-toluoy1)tar- 
taric acid ( I I ) ]  was modified. In contrast to the original report (51, the 
agent was found to be insoluble in pure benzene. Moreover, the customary 
spectral data were not reported and are included here. 


Second, in the original report on racemic propranolol resolution (I), 
only the (-)-di-(p-toluoy1)tartaric acid was used to  resolve both enan- 
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tiomers. In the present work, (-)- and (+)-di-(p-toluoy1)tartaric acids 
were employed in the resolution. This procedure required fewer recrys- 
tallizations to achieve optical purity. In particular, the (-)-propranolol 
was best isolated with (+)-di-(p-toluoy1)tartaric acid. Pure compounds 
were obtained after only one to five recrystallizations; in the original 
study, pure compounds were obtained "by a tedious fractional crystal- 
lization" ( 1 ) .  


In the original study ( I ) ,  the optical rotations of propranolol enantio- 
mers were reported to he +10.6 and -10.2'. with a melting point of 72'. 
The values obtained here are +8.34 and -8.32", with a melting point of 
72". Despite the discrepancy between these rotations and those previously 
reported, the present values are apparently correct since the optical 
rotations of the respective hydrochloride derivatives obtained here 
(-23.82 and +22.85') agree well with those reported (-22.7 and +22.2'). 
Furthermore, a sample of the (-)-enantiomer hydrochloride2 gave a 
specific rotation of -23.80'. The metabolic studies will be published 
elsewhere. 


EXPERIMENTAL 


(-)-Di-(p-toluoy1)tartaric Acid (11)-(+)-Tartaric acid (31.6 g, 0.21 
mole) and p-t(JlUOy1 chloride (108 g, 0.699 mole) were heated in an oil bath 
until the reaction mixture solidified (140'); it was then kept a t  that  
temperature for 2 hr. The cooled solid was triturated with benzene (70 
ml), collected by filtration, and washed with benzene. The material was 
dissolved in refluxing toluene (480 ml), the mixture was filtered hot, and 
the filtrate was cooled to 18' to yield the II anhydride (65 g, 84%). I t  was 
recrystallized from refluxing ethyl acetate (500 ml), mp 206', [a]g +183' 
(c, 0.:3:% in acetone) and -135', after a 1% mixture was heated in 95% 
ethanol; IR: umav (KBr) OH, none, 1890, 1810, 1740, and 1710 (C=O) 
cm-' (lit. (5) mp 198' and (01 +195' (c, 0.5 in acetone)]. 


l'he anhydride (44 g, 0.12 mole) was refluxed for 2 hr in 596 aqueous 
acetone (250 ml). The solvent was removed, and the residue was recrys- 
tallized from a solutian of  5% acetone in benzene (130 ml) to yield I1 (36 
g, 78?6), mp l73', [fi]g -136.5' (c, 0.33 in ethanol); UV: Xmax (in ethanol) 
240 ( 6  28,200) nm; 1H: A,, (KBr) 3400-2500 (OH) and 1730 ( C 4 )  cm-' 
[lit. (4) mp 172' and [ ( X I #  -140' (c, 1.0 in ethanol)]. 


Racemic Propranolol Hesolution-(+)-Di-(p-to1uoyl)tartaric acid 
(5.79 g, 15.0 mmoles), prepared from (-)-tartaric acid as just described, 
and (f)-propranolol (3.88 g, 15.0 mmoles) were dissolved in methanol 
(65 ml). The solution volume was reduced to 40 ml by boiling and then 
allowed lo cad  to 18'. 


l'he resulting first crop of crystals (6 g) was redissolved in boiling 


'L Supplied hy Ayerst Laharatories. 


Table  I-Fractional Crystallization of Salt of Equimolar 
Amounts of Racemic Propranolol and (-)-Di-(p-toluoy1)tartaric 
Acid in 70 rnl of Methanol 


Yield of Complex 
Methanol, Percent Melting 


Step ml Millimoles Theoretical" Point blk? 
~- ~ 


1 70 8.79 117 156-164' -68.2' 
2 70 6.20 83 160-165O -65.4O 
3 65 4.96 66 162-165' -64.4' 
4 60 3.25 43 162-165' -63.6' 


163-165' -62.9' 5 55 2.94 39 


0 Given as percent of maximal yield (7.5 mmoles). 


methanol (70 ml). The procedure was repeated until the salt gave a 
constant optical rotation, [a19 +63.06'. 


To obtain the free base, the tartarate was decomposed with 0.5 N 
NaOH and the precipitated product was extracted with ether. The or- 
ganic phase was  dried (magnesium sulfate), the ether was evaporated off, 
and the residue was recrystallized from cyclohexane to yield (-)-pro- 
pranolol, mp 72', [a]g  -8.32' (c, 1.0 in ethanol); UV: X,,, (in 95% eth- 
anol) 293 ( 6  6000) nm [lit. (1) mp 72' and [a] -10.2' (c, 1.02)]. 


Treatment of (-)-propranolol (1.7 g) in ether (100 ml) with dry hy- 
drogen chloride yielded (-)-propran0101 hydrochloride, mp 196'. Ia]g 
-23.82' (c, 1.0 in ethanol) [lit. ( 1 )  mp 192' and [a] -22.7'1. An aliquot 
was recrystallized by suspending the material in hot benzene and then 
adding dropwise anhydrous ethanol to clear the suspension, mp 196', 
ICY] -23.45' (c, 1.0 in ethanol). 


(+)-Propranolol was obtained by the identical procedure hut with I1 
as the resolving agent. In one series, after five recrystallizations the tar- 
tarate salt had an optical rotation of -63.27'. Table I shows a sequence 
of' typical experiments beginning with equimolar amounts ( I  5 mmoles) 
of racemic propranolol and the resolving agent in methanol (70 ml). 


(+)-Propranolol was then isolated as described for i ts  enantiomer, mp 
72', [a]g  +8.34' (c, 1.0 ethanol) [lit. ( 1 )  mp 73O and [a] +10.6']. The 
(+)-proprando1 hydrochloride had a melting point of 196', [a@ +22.97O 
(c, 1.0 in ethanol) [lit. ( 1 )  mp 192' and [a] +22.2']. 


In another experiment, partially resolved propranolol, [a] +3.67' (4.00 
g, 15.4 mmoles), was complexed with I1 (4.28 g. 11.0 mmoles), i .e . ,  an 
amount equivalent to the percent of the (+)-isomer. After two crystalli- 
zations from boiling methanol (55 ml), the optically pure complex was 
ohtained (2.80 g), mp 163-165', [a] -64.64'. I t  gave the free base, [u]$ 
+7.82' (c, 1.0 ethanol), which with hydrochloric acid gave (+)-propranolol 
hydrochloride, [a]# +22.85' (c, 1.0 ethanol). 


Propranolol hydrochloride for use in humans was not recrystallized 
from henzene. I t  was assayed for the presence of di-(p-to1uoyl)tartaric 
acid spectrophotometrically as follows. The ratio of c at A,,, (in ethanol) 
290 ( c  5950) and o f t  a t  A,,, 245 (c 760) of racemic propranolol hydro- 
chloride prepared from propranolol, which had not been treated with the 
resolving agent, was compared with the ratio of cX,,,/cX,,, of resolved 
propranolol hydrochloride. Since (+)- and (-)-di-(p-toluoy1)ttaric acids 
have an t of 25,000 a t  245 nm, even a 0.1% contamination would cause a 
detectable alteration in the absorbance ratio a t  290 and 245 nm. No 
contamination was detected in either propranolol enantiomer. 
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complications of diabetes, newer agents for the treatment of arthritis, 
mechanisms of action of glucocorticoeteroids, and pharmacological reg- 
ulation of serum lipoproteins. 


Topics in Biology has a general review of various enzyme classes and 
selected examples of enzyme inhibitors. This is followed by a more de- 
tailed look at two classes of enzymes: 8-lactamases and proteolytic en- 
zymes. The section is rounded off by timely reviews of iron chelation 
therapy and peptide conformation. In addition to the usual review on 
Reactions of Interest, the final section, Topics in Chemistry, contains 
a useful and interesting chapter on asymmetric synthesis. There is a 
chapter that deals with newer methods and applications of quantitative 
structure-activity relationships in drug design and another on the ste- 
reochemistry of drug-nucleic acid interactions. Scattered throughout 
this volume are chapters on drug metabolism and a general review fol- 
lowed by reviews on the molecular aspects of, and enantioselectivity in, 
drug metabolism. 


The more than 50 contributors to this issue of Annual Reports have 
put together an excellent volume which is certain to be of value to me- 
dicinal chemists, pharmacologists, and researchers in related fields. 


Reviewed by Richard A. Glennon 
Department of Pharmaceutical Chemistry 
Medical College of Virginia 
Virginia Commonwealth University 
Richmond. V A  23298 


Genetics of Industrial  Microorganisms: Proceedings of the Third 
International Symposium. Edited by 0. K. SEBEK and A. I. 
LASKIN. American Society of Microbiology, 1913 I St., N.W., Wash- 
ington, DC 20006.1979.283 pp. 15 X 23 cm. Price $12.00. 
A symposium on the genetics of industrial microorganisms held June 


4-9, 1978, a t  the University of Wisconsin, Madison, was attended by 
approximately 500 university and industrial scientists interested in the 
genetics and biochemistry of existing and potential fermentation products 
such as antibiotics, amino acids, enzymes, alcohol, and hormones. Uni- 
versity scientists recognized for excellent studies in processes basic to 
fermentation product development-mutation, selection, recombination, 
regulation, gene cloning-presented lectures, as did industrial scientists 
recognized for applications of these processes. Those lectures have been 
condensed into the articles appearing in this book. 


In general, the papers reflect recent trends in applied microbiology. 
Most articles emphasize previously unpublished work, work not yet 
published a t  the time of the symposium, or work published just prior to 
the symposium. A few are well-referenced reviews of recent findings. For 
example, genetic crosses to improve processes and to find new antibiotics 
were illustrated by a striking example of the protoplast fusion technique 
applied to the breeding of fungi for cephalosporin production, presented 
by C. Ball and P. F. Hamlyn. An equally noteworthy example was the use 
of interspecific recombination uia natural conjugation in Streptomyces 
to produce new “hybrid” anthracycline antibiotics, written by W. F. 
Fleck. 


An emphasis on nitrosoguanidine as a mutagen in many strain pro- 
grams is reflected in a paper by E. Cerdh-Olmedo and P. Ruis-Vbsquez. 
That article succinctly outlines how the peculiarities of nitrosoguanidine 
action on DNA in vivo can be employed to obtain more efficient use of 
this mutagen. A paper on yeast protoplast transformation with hybrid 
yeast plasmids is representative of significant academic and industrial 
efforts to develop useful cloning systems in organisms other than Esch- 
erichia coli. This paper and other sections of the book illustrate the extent 
to which basic and applied research in microbiology have meshed. A paper 
hy H. J. Treichler et al. on the role of sulfur metabolism in cephalosporin 
and penicillin biosynthesis illustrates how knowledge of a biosynthetic 
pathway and analyses of mutants altered in that pathway and i ts  regu- 
lation are leading to more directed and more effective means of improving 
fermentation processes. 


The papers by K. F. Chater and M. Okanishi provide an excellent re- 
view of plasmid genetics in Streptomytetes and of plasmid roles in an- 
tibiotic production. This active research area has become more important 
now that Streptomycete protoplasts have been transformed with plasmid 
DNA, bringing a cloning system in these industrial bacteria closer to 
reality. This and other key developments were emphasized in the sym- 
posium’s keynote address by D. A. Hopwood. The Hopwood paper pre- 
sents an excellent overview of trends to be expected in the application 
of genetics to industrial fermentations. The articles by N. D. Lomovskaya 
et al. and by K. F. Chater demonstrate an increasing interest in devel- 
oping transduction in industrial bacteria and their possible use as cloning 
vectors. Articles by Y. Aharonowitz, B. M. Pogell, and J .  F. Martin et al. 
on metabolic regulations in industrial microorganisms likewise show an 
expanding interest in the basic mechanisms that regulate antibiotic 
synthesis. Recombinant DNA experiments for the production of mam- 
malian hormones, which have been repeated recently, are not included 
in this book, but there is a useful discussion of government regulation of 
recombinant DNA experimenta. 


The book should be read by all industrial scientists looking for new 
fermentation products and/or improved strains for producing existing 
products. Genetic engineering has increased the interest of industrial 
managers in basic genetic studies. The quest for new challenging problems 
has led more university microbiologists, biochemists, and geneticists to 
look with keener interest at organisms traditionally used only in industry. 
These individuals also will benefit by adding Genetics o/ Industrial 
Microorganisms to their personal library. The editors, 0. K. Sehek and 
A. I. Laskin, are to be commended for expediting an early publication of 
this volume, thereby increasing its value as a current reference work in 
this rapidly progressing field. The American Society for Microbiology 
is to be commended for offering the volume a t  a price that makes it 
available to the interested graduate student. 


Reviewed by Stephen W. Queener 
Department o/ Antibiotic 


Culture Development 
Eli Lilly and Company 
Indianapolis, IN 46206 


Microbiology-1979. Edited by DAVID SCHLESSINGER. American 
Society for Microbiology, Washington, D.C. 365 pp. Price $22.00. 
This volume contains an introductory note by the editor and then is 


divided into seven topical sections, with each section written by one or 
more authors. The sectional divisions are as follows: 


I Microbial Membranes with an introduction followed by subsec- 
tions of articles on Lipids (four articles) 
Membranes and Membrane Proteins (five articles) 
Transport and Energetics (seven articles) 


cles) 
I1 Mechanisms of Microbial Virulence (Introduction and 30 arti- 


Ill Biochemical Genetics of Pathogenicity (six articles) 
1V Antibiotic-Associated Colitis (Introduction and five articles) 


VI Mutasynthesis of Antibiotics (five articles) 
V Resistant Gram-Positive Cocci (five articles) 


VII Ontogeny of the Immune System (five articles) 


These articles were written by 134 authors, and each article in the 
various section divisions is complete with literature citations. The volume 
contains an author index and a complete subject index for easy refer- 
ence. 


This volume, containing many well-written articles under the topical 
divisions, would make a worthy addition to the reference library of any 
scientist in microbiological research. 


Reviewed by Dale H. Cronk 
College of Pharmacy and Health Sciences 
Northeast Louisiana University 
Monroe, L A  71209 


4340 1 Jownel of phermsceutic8l sciences 
Vol. 88, No. 10. October 1979 












demic, New York, N.Y., 1961, p. 179. 


Australia, 1975. 
(10) P. J. Stewart, Ph.D. thesis, University of Queensland, St. Lucia, 


(11) D. W. Marquardt, J .  Soc. Ind. Appl. Math., 11,431 (1963). 
(12) P. J. Davis, in “Survey of Numerical Analysis,” <J. Todd, Ed., 


(13) L. Meites and H. C. Thomas, “Advanced Analytical Chemistry,” 


(14) C. K. Ingold, “Structure and Mechanism in Organic Chemistry,” 


(15) E. S. Amis, “Solvent Effects on Reaction Rates and Mechanisms,” 


McGraw-Hill, New York, N.Y., 1962, pp. 347,363. 


McGraw-Hill, New York, N.Y., 1958, pp. 129,131. 


Cornell University Press, Ithaca, N.Y., 1953, pp. 306,418. 


Academic, New York, N.Y., 1966, pp. 59,69. 


ed., Wiley, New York, N.Y., 1961, pp. 123, 157. 
(16) A. A. Frost and R. G .  Pearson, “Kinetics and Mechanism,” 2nd 


ACKNOWLEDGMENTS 


Abstracted in part from a thesis submitted by P. J. Stewart to the 
University of Queensland in partial fulfillment of the Doctor of Philos- 
ophy degree requirements. 


The authors thank Burroughs Wellcome & Co. for the chlorambucil 
used in this research. 
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Abstract  o The effects of aspirin on 14C-pirprofen disposition in the 
rat were studied. An oral 6O-mg/kg dose of aspirin significantly reduced 
plasma radioactivity during the 1-8-hr interval after an intravenous 5- 
mg/kg injection of ‘Cpirprofen. The aspirin-treated group had only 69% 
as much area under the radioactivity curve as the control group. The 
radioactive material in plasma consisted almost entirely of 14C-pirprofen, 
as shown by GLC. The plasma clearance of I4C-pirprofen was 7.4 ml/hr 
for the aspirin-treated group and 5.1 ml/hr for the control group, while 
the volumes of distribution were 0.32 and 0.20 litedkg, respectively. The 
apparent elimination half-life was unchanged at 5.9 hr. 14C-Pirprofen 
was approximately 98.6% bound to plasma proteins, and the binding 
decreased to an average of 97.2% in the presence of salicylate. Binding 
to blood cellular constituents was insignificant. Rats given 14C-pirprofen 
by intravenous injection without aspirin secreted 36.04223% of the dose 
radioactivity into bile during 4 hr while a comparable group given 60 mg 
of aspirin/kg secreted 46.4-70.8%. TLC and GLC demonstrated that the 
radioactivity in rat bile was 80-9070 conjugated 14C-pirprofen. The in- 
creased radioactive material secretion into bile was compensated in the 
intact rat by reabsorption, since the total radioactive material excreted 
in urine was not changed by aspirin administration. 


Keyphrases Aspirin-effect on pirprofen disposition, rats Pir- 
profen-disposition, effect of aspirin, rats 0 Anti-inflammatory 
agents-pirprofen, disposition, effect of aspirin, rats 


Pirprofen, 2-[3-chloro-4(3-pyrrolinyl)-phenyl] propionic 
acid, is a new anti-inflammatory drug of the arylalkanoic 
acid type (1). 


Salicylate has been reported to reduce the plasma con- 
centration of various arylalkanoic acid compounds in- 
cluding indomethacin (2), fenoprofen (3,4), naproxen (5, 
61, and diclofenac (7) in animals and humans. Pirprofen 
concentrations in human plasma as well as that bound to 
plasma proteins were reduced by salicylate’, and the 
present study was undertaken to examine salicylate effects 
on the biological disposition of pirprofen in the rat. 


EXPERIMENTAL 


Radioactive Pirpr~fen-l~C-Pirprofen (I), with the radioactive atom 
in position three of the propionic acid moiety, was used2. The specific 


To be published. * The material was synthesized by Dr. Naba K. Chaudhuri and coworkers at 
Ciba-Geigy Corp., Ardsley, NY 10502. 


I 
activity was 13 rCi/mg. The labeled compound was examined by TLC 
using the procedures described later. The major constituent chromato- 
graphed like authentic pirprofin, and the only impurity was a substance 
comprising about 5% of the radioactivity. 


Animal Procedures-Young adult male Wistar rats3, -200 g, were 
used. 


I4C-Pirprofen dosage solutions were prepared in 0.2 M NaHC03 to 
provide 5 mg/kg and 3 pCi/animal in volumes of 0.3 ml for injection and 
1.0 ml for intubation. Aspirin4 was administered as a 6O-mg/kg aqueous 
dose by intubation. 


Blood samples were obtained by anesthetizing the rats with ether, 
opening the abdominal cavity, and exsanguinating uia the abdominal 
aorta into a heparinized 10-ml syringe. Blood plasma was frozen pending 
analysis. 


Bile duct cannulations were done under ether anesthesia for rats that 
were to receive intravenous 14C-pirprofen, and these rats were confined 
in restraining cages6 during bile collection. Rats receiving 14C-pirprofen 
orally were anesthetized with urethan4 rather than ether to preclude the 
necessity for restraint. A 25% solution of urethan in water was adminis- 
tered as a 1.25-g/kg ip dose. 


Radioactivity Measurements-A solubilizer-phosphore solution 
was prepared by mixing one volume of a commercial solubilizefi with four 
volumes of toluene containing 0.5% 2,5-diphenyloxa~ole~ and 0.01% p -  
bis(o-methylstyryl) benzenes. The solubilizer-phosphore solution (15 
ml) was mixed with 10 pl of injection solutions, 50 pl of ultrafiltrates, or 
0.1 ml of plasma, bile, or urine prior to duplicate sample counting in a 
liquid scintillation spectrometer9. Counting efficiency was measured by 
external standardization. 


Whole blood (0.1 ml) was pipetted onto 2.5-cm circles of filter paper 
and dried before combustion’0. The resulting carbon dioxide was ab- 
sorbed in 4 ml of ethanolamine to  which 9 ml of methanol and 6 ml of 
scintillator solution, containing 15.0 g of 2.5-diphenyloxazole and 1 .O g 
of p-bis(o-methylstyry1)benzenehiter of toluene, were added for 
counting. 


TLC-Aliquots (20 pl) of bile or an equivalent amount of hydrolyzate 


CharleR River C.D. or Marland Farms. 
Merck and Co., West Point, PA 19486. 
Aerospace Induhes ,  Garnerville, NY 10923. 
Bio-Soh BBS-3, Beckman Instruments, Fullertr~n, CA 92634. 


Packard Instrument Co., Downers Grove, IL 60515. 
lntertechnique SL-40, INNS Service Corp.. Fairfield, NJ 07006. 


’ Eastman Kodak Co., Rochester, NY 14650. 


lo Model 305 oxidizer, Packard Instrunlent Co., Downers Grove, IL60515 
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Table I-Effect of Salicylate on IF-Pirprofen Radioactivity in 
Rat Plasma 


Table 11-Effect of Aspirin on Binding of WC-Pirprofen by Rat  
Plasma Proteins In Vivoa 


Concentration, average pg/mlb f SD - .  
Hours Apparent 14C-Pirprofen 


Postdose" I V  ithout Aspirin With Aspirin Salicylate 


0.1 35.9 f 1.6 31.0 f 1.4 114 f 8 
0.25 31.1 f 4.8 24.1 f 4.0 127 4- 10 
0.S 
0.75 


~~~~~~ 


25.8 f 2.0 
24.2 f 2.4 


- _ _  
i9.9 f 3.8 111 f 6  
17.5 f 1.2 121 f 12 


1 .o 22.0 f 1.4 13.3 f 1.0 118 f 8 
2.0 18.6 f 2.8 10.7 f 2.2 113 f 8 
4.0 16.1 f 1.2 10.3 f 1.4 91 f 26 
6.0 11.3 f 0.4 6.4 f 1.0 66 f 22 
8.0 9.8 f 1.6 5.7 f 1.0 63 f 16 


11.0 4.1 f 0.8 3.6 f 0.2 11 f 14 
14.0 4.1 f 1.2 3.0 f 0.4 2 f 0  
17.0 2.3 f 0.8 2.1 f 0.8 - 


a Raw were intubaled with 60 mg of aspirin/kg in solution or with an equal volume 
of water and injected intravenously 1 hr later with 5 mg of 'F-pirpmfen/Lg. b Four 
rats at each time point. except the aspirin-treated group at 4 hr which had three. 


were spotted on silica gel platesIi and developed in chloroform-metha- 
nol-formic acid (70:301) or benzene-ethanol-formic acid (W101). The 
dried plate8 were examined under UV light and scanned for radioac- 
tivityI2. 


Pirprofen Analysis-Pirprofen was determined quantitatively (8). 
using 3.0-ml aliquote of rat plasma containing 0-120 pg of pirprofen. The 
conjugated pirprofen in bile was hydrolyzed before analysis. Bile (0.2 ml) 
was mixed with 50 pl of 0.5 N KOH and stored 15 min at room temper- 
ature. The reaction mixture was neutralized with hydrochloric acid, and 
1.0 ml of 0.4 M, pH 5.4 acetate buffer was added. Pirprofen was extracted 
by adding 2.0 ml of 20% methylene chloride in ether and rotating13 for 
20 min. The extraction was repeated, and the combined extracts were 
processed as described previously (8). 


Protein Binding Measurement-Cellulose dialyzer tubing14 was 
soaked 0.5 hr in water, and excess water was removed by blotting. A 20-cm 
length of tubing was formed into a U-shape, 2.0 ml of plasma was intro- 
duced, and the tubing was placed into a 2.8 X 10-cm polypropylene cen- 
trifuge tube containing eight or 10 0.5-cm diameter glass beads. A cork 
was used to cloee the tube and wedge the ends of the tubing with the 
bottom of the loop supported on the beads. Centrifugation at 1 lOOXg for 
30 min produced -100 pl of ultrafiltrate, and 50-pl aliquots were taken 
for radioactivity counting. 


Salicylate Analyeis-Plasma (0.5 ml) was mixed with 1.0 ml of water, 
0.3 ml of 6 N HCl, and 20 ml of methylene chloride. The tubes were ro- 
tated 30 min and centrifuged. The aqueous phase was aspirated off, and 
10.0 ml of organic phase was mixed with 10.0 ml of 1 N NaOH. After ro- 
tating for 25 min and centrifuging, the aqueous phase fluorescence was 
measured*5 at an excitation wavelength of 310 nm and an emission 
wavelength of 400 nm. 


RESULTS 


The radioactivity concentrations found in the plasma of control and 
aspirin-treated rats are shown in Table I, expressed as the average and 
standard deviation for micrograms of apparent I4C-pirprofen per milli- 
liter. Lower apparent pirprofen concentrations were found for the aspi- 
rin-treated rats. Table I also contains the mean and standard deviation 
for the salicylate concentrations. Selected plasma samples from the same 
experiment also were analyzed for unbound radioactivity (Table 11). For 
the aspirin-treated animals, binding was decreased slightly until the 
plasma salicylate concentrations declined to low values, at which point 
the binding had returned to the control value. 


The radioactivity concentration in a few whole blood samples also was 
measured. No association of radioactive material with the cellular blood 
constituents was found. 


A separate experiment was done to obtain sufficient plasma for 
quantitative pirprofen determination by GLC. As shown in Table 111, 


I I  E. Merck, 0.25-mm type 60 F-254 plates. EM Laboratories. Elmsford, NY 
12 Berthold radioscanner. Varian Instrument Division. Palo Alto, CA 94303. 
l 3  Rugged rotator model RD-250, Kraft Apparatus, South Richmond Hill, NY 


I' Catalog No. 3787-D22, 1.5-cm diameter, Arthur Thomas Co., Philadelphia, 


16 Model MPF-2A Rpectrofluorometer, Perkin-Elmer Corp., Norwalk, CT 


10523. 


11419. 


PA 19105. 


06856. 


Plasma 
Time after Plasma 14C- Salicylate, 


L4C-Pirprofen, Pirprofen, mean pg/ Binding, 
5 mg/kg iv mean pg/ml f SD ml f SD '70 f SD 


Controls-no aspirin 
5 min 35.9 f 1.6 - 98.8 i 0.4 
6 hr 11.3 f 0.4 - 98.6 f 0.4 


5 min 31.0 f 1.4 114 f 8 96.6 f 1.4 
6 hr 6.4 f 1.0 66 f 22 96.5 f 1.2 


Four rats at each time point, 


14 hr 4.1 f 1.2 - 99.6 i n.2 
Aspirin, 60 mg/kg PO 


14 hr 3.0 f 0.4 2 f 0 -99.6 i 0.2 


very good agreement was found by radiometric and chromatographic 
analyses. 


The binding of "C-pirprofen to rat plasma proteins also was measured 
in the presence and absence of salicylate in an in uitro experiment. 
I4C-Pirprofen (17 pg/ml) was added to pooled plasma from control rats, 
and sodium salicylate (100 pglml) was added to half of the plasma ali- 
quots prior to a 30-min equilibration and binding measurements. All three 
control samples showed 98.6% binding. Samples containing salicylate 
had values of 97.6,97.7, and 97.6%. 


The urinary radioactivity excretion after 5 mg of 14C-pirprofen/kg iv 
was measured after intubation with 60 mg of aspiridkg or an equal vol- 
ume of water. As shown in Table IV, the amount and time course for 
urinary radioactivity excretion were not altered by aspirin administration 
under these conditions. 


The effect of aspirin on biliary secretion of radioactivity from 14C- 
pirprofen was examined in bile ducf-cannulated rats. Rats were given 
60 mg of aspirin in aqueous solution/kg or an equal volume of water by 
intubation. The bile ducts were cannulated. One hour after the aspirin 
or water intubation, the animals were given 5 mg of 14C-pirprofen/kg by 
tail vein injection or by intubation. The bile volume collected each hour 
was not different for the aspirin and water-treated rats. The radioactivity 
secretion into bile was much greater for the aspirin-treated rats than for 
the control rats (Fig. 1). Similar results were seen after oral rather than 
intravenous 1%-pirprofen administration. 


TLC of rat bile collected within 2 hr of oral 14C-pirprofen adminis- 
tration showed one major constituent, which comprised 80-90% of the 
radioactivity. Four or five minor, unknown metabolites also were present. 
None of these constituents was identical to pirprofen. Base treatment 
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Figure 1-Effect of 60 mg of asp ir idkg  PO on biliary radioactiuity in 
rats after 5 mg of 14C-pirprofen/kg iu, showing mean and standard de- 
oiation for five rats per treatment. Key: 0, aspirin-treated rats; and A, 
control rats. 
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Tab le  111-Radioactivity and Pirprofen in R a t  Plasma a f t e r  5 mg 
of “C-Pirprofen/kg iv 


Concentration, pg/mlo 
Hours Liauid Scintillation GLC 


l’ostdose Counting Analysis 


0.25 23.6 28.6 
0.2s 25.6 22.2 
1 19.4 19.4 
1 16.4 14.8 
3 10.6 9.6 
3 8.2 7.3 
6 8.7 6.0 
6 5.9 4.6 


12 2.4 2.0 
12 1.1 1.2 
18 0.8 0.6 
18 0.2 0.9 
24 0.4 <o. 1 


a Plasma from three rats was pooled and analyzed in duplicate by the 
methods. 


two 


of hile resulted in a change in the TLC pattern. The major radioactive 
constituent was converted to a material that behaved like pirprofen on 
TLC in two different solvent mixtures. Quantitative analysis by GLC 
confirmed that the hydrolyzed material was pirprofen. 


DISCUSSION 


Oral administration of aspirin (60 mg/kg) to rats 1 hr before intrave- 
nous I4C-pirprofen administration (5  mg/kg) resulted in markedly re- 
duced radioactive material in plasma, and CLC analysis showed the ra- 
dioactive material to be unchanged 14C-pirprofen. The effect was sig- 
nificant ( p  = 0.01) during the 1-8-hr interval and decreased as salicylate 
concentrations declined to average values of 11 pg/ml or less (Table I). 
Comparison of area under the curve ( A U C )  values, calculated from time 
zero to infinity, showed the aspirin group to have 69% as much area as 
the control group. 


Accordingly, pirprofen is another example of an arylalkanoic acid for 
which concentrations in plasma are reduced by salicylate. Yesair et al. 
(2) found that salicylate altered indomethacin disposition in the rat, re- 
sulting in reduced concentrations in plasma, decreased excretion in urine, 
and increased elimination uia the bile and feces. For pirprofen, aspirin 
had no effect on the amount of radioactivity excreted in urine. Four rats 
excreted 74.9 f 4.5% of the radioactivity from a dose of 5 mg of I4C-pir- 
profenkg iv in urine during 48 hr when given 60 mg of aspirinkg PO. This 
finding can he compared to 77.4 f 2.3% for four rats given I4C-pirprofen 
without aspirin (Table IV). 


A similar situation was described by Kubin ~t al. (3) for fenoprofen in 
humans. The fenoprofen concentration in plasma and the AUC were 
reduced by concomitant aspirin administration without a change in the 
total amount of material excreted in urine. This finding could result from 
increased clearance hy the liver if the rate with which metabolites are 
released into blood by the liver is greatly exceeded by renal metabolite 
clearance. The metabolites will he present in plasma only in low con- 
centrations and will contribute little to the AUC for radioactive material, 
while the bile serves as a depot due to increased recycling. 


Aspirin administration with I4C-pirprofen greatly affected biliary 
radioactivity in rats. Five rats given intravenous I4C-pirprofen without 
aspirin secreted 40.5 f 2.7% of the dose radioactivity into bile during 4 
hr, while B comparable aspirin-treated group secreted 58.6 f 9.6% (Fig. 
1). The bile production rate was similar for the aspirin-treated and the 
control animals, precluding increased choleresis as a factor. Similar results 
were obtained on administration of 14C-pirprofen by intubation rather 
than by intravenous injection. 


The major radioactive constituent (80-90%) in bile o f  both the aspi- 
rin-treated and the control animals was a material that  was converted 
on alkaline hydrolysis to a product indistinguishable from pirprofen by 
T1.C and GLC. In the intact rat, reahsorption compensated for the in- 
creased secretion into hile caused by aspirin, as indicated by unaltered 
urinary excretion. 


Calculation of plasma clearance according to the equation: 


dose 
clearance = - 


A UC (Es. 1) 


Tab le  IV-Effect of Aspirin on  Urinary Excretion of 
Radioactivity by Rats a f t e r  a n  Intravenous Dose of 14C- 
Pirprofen 


Average f SD for Cumulated Percent of Dose” 
Postdosea, hr Control Rats Aspirin-Treated Rats 


1 
2 
3 
4 
6 
8 


10 
24 
48 


6.0 zk 1.7 
11.7 f 4.7 
19.3 f 5.8 
21.4 f 6.2 
34.5 f 4.8 
42.0 f 7.2 
.51.7 f 8.4 
74.3 f 3.9 
77.4 f 2.3 


4.9 f 4.4 
13.0 f 1.8 
18.2 f 3.1 
25.5 f 4.3 
37.8 f 7.0 
44.6 f 9.4 
51.3 f 7.0 
70.2 f 7.1 
74.9 f 4.5 


0 Hats were intubated with 60 mg of aspiridkg in 10 ml of aqueous solution or 
with an equal volume of water and injected intravenously 1 hr later with 5 mg of 
“Cpirprofen/kg. b Each group contained four rats. 


gave values of 5.1 ml/hr for control rats and 7.4 m l h r  for aspirin-treated 
rats. The apparent volumes of distribution were 0.20 liter/kg for the 
control group and 0.32 liter/kg for the aspirin group. As a result of the 
compensatory changes in plasma clearance and apparent volume of 
distribution, no change in half-life resulted from aspirin administration; 
half-life values of 5.9 hr were found for both the aspirin and control 
groups. 


Rubin P t  a / .  (4)  reported that the fenoprofen half-life in humans was 
decreased hy aspirin, hut the change only became apparent after repeated 
fenoprofen and aspirin administration. A short study reported in the same 
publication showed no change in either the half-life or the AUC for in- 
domethacin in humans, although the indomethacin concentrations were 
reduced by aspirin in the early part of the plasma curve. 


Binding of ’4C-pirprofen to plasma proteins in the rat was extensive 
and reduced slightly by salicylate. Binding of 98.6% was reduced by sa- 
licylate to an average value of 97.2W in the in uiuo and in  oitro experi- 
ments. This modest decrease in binding represents a marked increase 
in the unbound drug availability. Binding to the blood cellular constit- 
uents did not occur in either the presence or absence of salicylate. 


Pirprofen, indamethacin (9) ,  naproxen ( 5 , 6 ) ,  and fenoprofen (3) are 
all highly bound to plasma proteins, and all except fenoprofen are dis- 
placed by salicylate. Chaplin (5) suggested that the mechanism by which 
aspirin reduced plasma naproxen concentrations was by increasing the 
unbound naproxen availability for transformation or excretion. Evi- 
dently, this factor is not the sole causative mechanism for decreasing the 
plasma concentrations of all arylalkanoic acids, hecause Kubin et al. (3) 
found that fenoprofen was not displaced. An additional factor such as 
altered hepatic extraction or increased splanchnic blood flow may be 
involved. 


In conclusion, concomitant administration of aspirin and I4C-pirprofen 
to rats reduced plasma concentrations and reduced AUC values of ra- 
dioactive material. No change in half-life was found, due to increases in 
both the plasma clearance and the volume of distribution. Binding to 
plasma proteins decreased slightly. Urinary radioactivity excretion was 
unchanged by aspirin administration. Secretion of pirprofen metabo- 
lite(s) into hile was increased but was compensated by reabsorption. 
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Figure 2-  Hepatic microsoma/ oxime-amide rearrangement enzyme 
actiuity tou:ard fluorenone oxime determined as a function of pH. Each 
point is the awragc  of six determinations. 


I1 was not stimulated by the addition of either inorganic sulfate (6.5 X 
M )  or adenosine triphosphate plus sulfate. Furthermore, the reac- 


tion was not inhibited by p-nitrophenol (1 X M), a known consumer 
of sulfate (14)  (and, therefore, a potential competitive inhibitor of the 
oxime-amide rearrangement system), or 3’,5’-adenosine diphosphate, 
another known sulfation inhibitor ( 14). These results suggest that en- 
zymatic conversion of I to I 1  does not involve oxime substrate esterifi- 
cation prior to rearrangement. The reaction mechanism remains a mys- 
tery hut is being studied. 
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Abstract 0 5-Azarytidine (1) statiility was increased approximately 
IO-fold over its stability in water or lactated Ringer injection by the ad- 
dition of excess sodium bisulfite and the maintenance of pH -2.5. The 
increased stability in the presence of bisulfite a t  pH 2.5 was attributed 
to the addition of hisulfite across the 5-6 protonated imine hond of I, 
which prevented the hydrolytic attack on this lahile double hond. How- 
ever, above pH 4, bisulfite increased I degradation. At higher pH, the 
compound was no longer protonated and hisulfite did not form the stable 
addition product. The addition compound quickly decomposed ahove 
pH 6 to give hack the parent compound and, thus, acted as a I prodrug. 
The intact drug remaining was assayed hy high-pressure liquid chro- 
matography ( H P I L ) ,  and the reversibility of the hisulfite-1 addition 
product ahove pH 6 was demnnstrated by U V  spectrophotometry and 
HP1.C. The potential utility of the bisulfite-I addition product as a I 
prodrug in parenteral and possilile oral dosage forms is discussed. 


Keyphrases 0 Azacytidine-prodrugs, sodium bisulfite, stabilization 
in aqueous solutions, effect of pH Sodium bisulfite-stabilization of 
azacytidine in aqueous solutions, effect 01 pH, prodrugs Prodrugs- 
azarytidine, stahilization hy sodium hisulfite Antineoplastic 
agents-azacytidine, prodrugs, sodium bisulf’ite complex 


The  use of‘ 5-azacytidine (I) in acute myelogenous leu- 
kemia (1-3) is often limited by severe and sometimes 
dose-limiting nausea and vomiting (4, S). Although the GI 
toxicity can be controlled effectively by administering the 
drug as a slow infusion (6, 7), extreme drug instability 
(8-10) poses a serious problem. Even when I is infused in 
lactated Ringer injection, which provides optimum sta- 


bility conditions for the drug a t  pH 6.4, -10% of I is lost in 
2 hr a t  room temperature (8). 


BACKGROUND 


Systematic kinetic studies on the I hydrolysis (8-10) revealed that 
hydrolysis proceeds by the classical acid-catalyzed hydration of the 5-6 
imine double hond (Scheme I ) ,  followed by deamination to yield the 
formyl derivative, N-(formylamidino)-N-P-D-rihofuranosylurea (11). 


I1 
Scheme I 


822 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 7, July 1979 


0022-35491 791 0700-0822$0 1.0010 
@ 1979, American Pharmaceutical Association 







0 
!5 0.3 
iu a 


k 0.2 
t; 7 0 II 


I 
I 


II 


I 


I 


I I I I I I  
0 2 4 5  


I I I I I  
0 2 4  


1 1 1 1 1 1  
0 2 4 5  


I I I I I  
0 2 4  


' I I I I I  1 1 1 1 1  
0 2 4  0 2 4  


A B C D E F 
RETENTION TIME, min 


Figure 1-Chromatograms obtained by HPLC Method 1 from samples of I (0.5 mglml) degraded in 0.05 M phosphate buffer at different pH values 
and room temperatures. Key: A, freshly prepared solutions of I in pH 7.0 phosphate; H, freshly prepared solution of I in pH 7.0 or 2.5 buffer containing 
5 mg of  sodium bisulfite/ml. C, sample in I A  after 70 min; D,  sample in I R  with pH 7.0 buffer after 70 min; E ,  sample in I R  with p H  2.5 buffer after 
70 min; and F, solution of I in pH 2.5 buffer in the absence of bisulfite after 70 min. 


The formyl derivative, 11, can either reverse back to I or degrade subse- 
quently (&lo). 


The I hydrolysis rate, which is dictated by the pH dependence of hy- 
dration and deamination steps, is slowest around pH 6.5-7.0. However, 
even a t  this pH of maximum stability, drug degradation is too fast. 
Therefore, a different approach to improve I stability was needed. 


The key to the instability of I is its 5-6 double bond, and saturating 
this double bond could improve drug stability. Synthesis of one such 
stable compound, 5,6-dihydro-S-macytidine, was reported (1 1). Although 
the stability of this dihydro compound is excellent, approximately 20 
times the dose of I is needed to yield an equivalent antitumor activity in 
experimental animals (1 1,12). 


Another approach to render the 5-6 double bond of I stable to water 
attack would be to add a stronger nucleophile capable of attacking the 
5-6 double bond preferentially over water. Such a nucleophile should 
assure that the addition product does not undergo subsequent deami- 
nation; it should be stable in the infusion solution and, most important, 
it should quickly convert back to I under physiological conditions. The 
nucleophile should also be physiologically compatible. 


Sodium bisulfite is a strong nucleophile and a common antioxidant 
additive in various pharmaceutical preparations. The nucleophilic ad- 
dition of the bisulfite ion across the 5-6 double bond of I was demon- 
strated (9), but no attempt was made to study the results of this reaction 
or the stabilizing effect of sodium bisulfite on I. This paper reports the 
effect of sodium bisulfite on I stability in aqueous solutions. 


EXPERIMENTAL 


Materials-5-Azacytidine for injection (100 mg) was used as received'. 
Water was double distilled in an all-glass apparatus. All other chemicals 
were reagent grade. 


Equipment-A high-pressure liquid chromatograph2 equipped with 
a fixed-volume loop-type injection valve3 and a variable-wavelength 
detector with a wavelength drive4 attached to a computing integrator" 
were used. The columns used were a 250-mm X 4.6-mm i.d. reversed- 


' Lot BV-77-270, Ben Venue Laboratories, Redford, Ohio. 
Model 3500B, Spectra-Physics, Santa Clara, Calif. 
Velco ty e valve. Spectra-Physics, Santa Clara, Caiif. 
Model SF770 spectroflow monitor with SFA339 wavelength drive, Schoeffel 


Autolab System 1. Spectra-Physics, Santa Clara, Calif. 
Instrument Corp.. Westwood. N.J. 


phase column6 and a 250-mm X 3.2-mm i.d. strong cation-exchange 
column7. Spectrophotometric analyses were carried out on a recording 
spectrophotometers. All pH measurementsg were taken a t  room tem- 
perature. 


Degradation Studies-Solutions of I (0.5 mg/ml unless otherwise 
specified) were made by accurately weighing -10 mg of I in a 20-ml 
screw-capped vial and adding 20.0 ml of the required buffer. Sodium 
hisulfite, when required, was incorporated into the buffer before ad- 
justment of its final pH. The solutions were stored at room temperature 
(22-26') and a t  refrigeration temperature (2-6O). The amount of intact 
I remaining a t  various time intervals was assayed by high-pressure liquid 
chromatography (HPLC) as descrihed under HPLC Method 1. The time 
for 10% I degradation was obtained by extrapolation from the amount 
of intact I remaining a t  various time intervals. 
UV Spectrum-The bisulfite-I mixturelo was diluted 25-fold with 


pH 2.5 and 6.5 buffers (0.05 M phosphate), and their respective.UV 
spectra using appropriate blanks were recordeds. UV spectra of I alone 
in pH 2.5 and 6.5 buffers were also recorded after appropriate dilu- 
tion. 


Assay and Identification Methods-HPLC Metho'd 1 -A re- 
versed-phase columnfi with the mobile phase (0.02 M phosphate buffer, 
pH 6.5) a t  a flow rate of 2.0 ml/min was used to assay I. A 10-pl full loop 
sample volume was injected quantitatively, and the recorder was set a t  
0.64 full scale (254-nm detector). The area of the peak due to I was used 
to calculate the amount of intact I remaining in the sample. Typical run 
times were less than 6 min. The UV spectrum of the peaks were recorded 
when needed for identification by stopping the flow a t  the maximum of 
the peak and scanning them from 300 to 220 nm using the wavelength 
drive of the detector4. 


HPLC Method 2-A strong cation-exchange column7 was used for 
separation of I from the I-sodium bisulfite addition product. The mobile 
phase consisted of 0.01 M NaCl with 0.01 M HCI in water (pH 2), and it 
was pumped at  1.25 ml/min. A 10-pl full loop sample volume was injected, 
and the recorder was set a t  0.32 full scale (254-nm detector). 


Zorbax C-8 column, 6 -pn  average particle size, DuPont Instruments, Wil- 
mington, Del. 


Calif. 
' Partisil 10 SCX, 10-pm average particle size, Altex Scientific, Berkeley, 


a Cary 17, Varian Instrument Division, Palo Alto, Calif. 


lo Unless otherwise specified, the hisulfite-I mixture was 0.5 mg of I and 5 mg 
Expandomatic SS-2 pH meter, Beckman Instruments, Fullerton, Calif. 


of sodium bisulfitehnl of 0.05 M phosphate with the pH adjusted to 2.5. 
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Figure 2-Chromatograms obtained by HPLC Method 2 from samples 
of I (0.5 mglml) in 0.05 M phosphate buffers at different pH values and 
room temperature. Key: A, freshly prepared solution of I in pH 7.0 
buffer; and B, freshly prepared solution of I in pH 2.5 buffer containing 
5 mg of sodium bisulfite/ml. 


RESULTS AND DISCUSSION 


HPLC Method 1 was similar in principle to the reversed-phase HPLC 
method used previously (8) to separate I and 11. However, a different 
reversed-phase column6 and mobile phase were used. A pH 6.5 buffer 
(0.02 M phosphate) was chosen as the mobile phase to prevent the re- 
tention time of I from changing when samples in concentrated buffers 
a t  low pH (2.5) were analyzed. Also, as discussed later, the maintenance 
of a high pH 0 6 )  of the mobile phase was essential for the instant de- 
composition of the bisulfite-I addition product to yield I during the 
HPLC analysis. 


As seen in Fig. lF,  the column6 clearly separated the major degradation 
product, I1 (retention time of 150 sec), and an unidentified reaction 
product (retention time of 245 sec) from the peak due to I (retention time 
of 190 sec). Peak areas of I increased linearly with concentration from 
0.3 to 0.5 mg/ml and were used for the calculation of intact I present in 
the samples. 


Figure 1A shows the chromatogram of a freshly prepared solution of 
I in pH 7.0 buffer using HPLC Method 1. In addition to the major peak 
(I), a small peak (11) was present. Figure 1C is a chromatogram of the 
sample in Fig. 1A after 70 min a t  room temperature. Loss of I (-7%) was 
accompanied by an increase in peak 11. Figure 1F shows the chromato- 
gram of a I solution at pH 2.5 after standing for 70 min a t  room temper- 
ature. As is evident, I was less stable at pH 2.5 than at pH 7.0. 


The chromatograms of freshly prepared solutions of I with bisulfite 
in either pH 2.5 or 7.0 buffer were identical (Fig. 1B). Peak I had the same 
retention time in all samples shown in Fig. 1. However, after 70 min a t  
room temperature, the sample kept at pH 7.0 degraded almost 15% (Fig. 
1D) whereas the same sample (Fig. 1B) kept a t  pH 2.5 showed little 


Table  I-Time for I to Reach 90% of Its Original Concentration 
(0.5 mg/ml) in Buffer Solutions at Room Temperature  (23-26") 


~ 


Time to Reach 90%, hr 
DH Buffer With Bisulfite" Without Bisulfite 


6.3 Lactated Ringer injection - 2.3 
7.0 0.05 M phosphate 0.8 2.6 
6.5 0.05 M phosphate 1.2 2.3 
6.0 0.05 M phosphate 1 .o 1.5 
4.0 0.05 M acetate 1.3 1.4 
3.2 0.05 M phosphate 8.7 1.2 
2.5 0.05 M phosphate 20 1.1 - 


- 
2.5 0.05 M phosphate l a b  
2.5 0.05 M phosphate 6c 
2.5 0.05 M Dhosvhate 96 - 
4 Sodium bisulfite, 5 mg/ml, unless specified otherwise. Sodium bisulfite, 3 


mg/ml. Sodium bisulfite. 1 mg/ml. Refrigeration temperature (2-6"). 


degradation (Fig. 1E). This finding indicates that  bisulfite has a strong 
stabilizing effect on I hydrolysis a t  pH 2.5 (compare Figs. 1C-1E). This 
effect is more evident when the chromatogram of the I sample a t  pH 2.5 
in the absence of bisulfite (Fig. 1F) is compared with that in Fig. 1E. 


Table 1 summarizes the effect of bisulfite on I stability a t  various pH 
values. Bisulfite increased the I degradation rate when the solution pH 
was maintained above 4.0. However, below pH 4.0, bisulfite slowed I 
degradation; the stabilization was more pronounced as the solution pH 
approached 2.5. Furthermore, a t  pH 2.5, increasing the amount of bi- 
sulfite increased the stabilization. A t  pH 2.5 in the presence of a 10-fold 
excess of bisulfite (5 mg of sodium bisulfite/ml with 0.5 mg of I/ml), -20 
hr was required for 1096 I degradation a t  room temperature. This repre- 
sents almost one order of magnitude improvement over the stability of 
I in the presently used clinical formulation of drug in lactated Ringer 
injection. 


The large increase in I stability by bisulfite a t  acidic pH cannot be at- 
tributed to the effects of ionic strength but must be attributed to the 
protection of I by some direct interaction. T o  confirm that the peaks a t  
190 sec (Figs. 1B and 1E) (pH 2.5 sample) were due to I and not to the 
bisulfite-I product (III), the UV spectra of all peaks at 190 sec (Figs. 
1 A-1E) were recorded and found to be identical to those obtained from 
pure I. This finding demonstrates that  whatever the stabilization 
mechanism, the addition product (111) eluted as I during HPLC Method 
1. However, when the mobile phase had a pH of 2 (HPLC Method 2), the 
peak corresponding to I was missing in the chromatogram of the bisul- 
fite-I mixture (Figs. 2A and 2B). The chromatogram in Fig. 2A was ob- 
tained from the sample represented in Fig. 1A; the chromatogram in Fig. 
2B, which shows the absence of peak 1, was obtained from the pH 2.5 
sample represented in Fig. 1B. Therefore, in spite of high dilution during 
the HPLC procedure, when the mobile phase of low pH (pH 2) was used, 
I11 remained intact and did not elute as a peak corresponding to I. 
However, a t  pH 6.5, I11 rapidly reverted back to I; therefore, the peak 
resulting from I11 corresponds to I alone. 


Another indication of the reversibility of 111 to I at pH 6.5 was obtained 
when equimolar (based on molar concentration of I) concentrations of 
I and the bisulfite-I mixture gave similar UV spectra (Fig. 3) a t  pH 6.5 
(both I and the bisulfite-1 mixture had A,,, of 239 nm, t = 6800). How- 
ever, a t  pH 2.5, the spectrum (Fig. 3) obtained from the bisulfite-I mix- 
ture was much less intense and different from that obtained with I (at 
pH 2.5, I had Amax a t  241, c = 3700, and the bisulfite-I mixture had Amax 
a t  243, t = 1900). Since the loss of absorption a t  240 nm reflects the loss 
of the 5-6 double bond (8,9), it is reasonable to  suggest that  the lower 
c value a t  pH 2.5 of the bisulfite-I mixture was due to addition of bisulfite 
across this bond. 


Stabilization Mechanism-The results of the present study indicate 
that bisulfite forms an addition product with I across the 5 4  double bond 
that is stable a t  low pH (Le., 2.5) and thus prevents the hydrolytic attack 
on the 5-azacytosine ring. The addition reaction at pH 2.5 is reversible 
and requires excess bisulfite to maintain the equilibrium in favor of the 
addition product. As seen in Table I, a t  pH 2.5, when the bisulfite con- 
centration decreased, I stability also decreased. Based on these obser- 
vations and in accordance with the hydrolysis mechanism proposed for 
I (9), i t  appears that  the major reaction responsible for stabilization of 
I is as shown in Scheme 11. 


The formation of 111 proceeds through the protonation of N-5, similar 
to the protonation that usually precedes the nucleophilic attack on imine 
bonds (13) and as suggested for I hydrolysis (9). Therefore, formation 
of I11 (and, hence, stabilization of I against hydrolysis) is expected to 
increase as the pH is lowered and more I is protonated. If the pKa of I is 
assumed to be of the order of 2-3 from the reported pKa of the related 
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Scheme I I  
III 


compound 5-azacytosine (9), the stabilization would be expected to in- 
crease as the pH is lowered below 4, provided the concentration of reactive 
nucleophile, bisulfite anion (HSOz-), is constant. 


A substantial portion of sulfurous acid species would exist as the bi- 
sulfite anion up to pH 1.5 (pK1 of sulfurous acid is 1.71, and increased I 
stability was observed up to pH 1.5. However, in strongly acidic solutions 
(i.e..  1 N HCI), although I is expected to be completely protonated, the 
fraction of reactive nucleophile, bisulfite anion, is extremely small. 
Therefore, a t  very low pH, the addition reaction is expected to be slower. 
This was the case when a mixture of I and sodium bisulfite in 1 N HCl 
showed almost 90% free I after 1 min and 40% free I after 8 min (HPLC 
Method 2) whereas a mixture of the same concentrations of I and sodium 
bisulfite adjusted to pH 2 showed no free I (HPLC Method 2) even after 
30 sec. This finding shows that the I11 formation rate is very fast a t  pH 
2 but relatively slower in 1 N HCl. 


T o  demonstrate that  this slower rate is not due to  an increase in the 
rate of reverse (desulfonation) reaction a t  this low pH, the bisulfite-I 
mixturelo (where almost all I existed as 111, Fig. 2B) was diluted with an 
equal volume of 2 N HCl and the resulting solution was analyzed by 
HPLC Method 2. The peak height due to I was 3, 20, and 40% of the 
theoretical amount of I after 0.5,8, and 20 min, respectively. This finding 
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Figure 4-Chromatograms obtained by HPLC Method I from samples 
of I (0.5 mglml). Key: A, freshly prepared solution of I in water; B ,  
freshly prepared solution of I in 0.01 N HC1; and C ,  sample in 4 R  after 
addition of sodium bisulfite (5.0 mglml). 


demonstrates that  I11 does not decompose to I instantly in acidic solu- 
tions. 


The degree of stabilization would also be influenced by the reverse 
reaction rate. The data presented in this paper indicate that the desul- 
fonation rate of 111 to I is relatively slow a t  acidic pH whereas desulfo- 
nation is instantaneous a t  pH 6.5. I t  is unlikely that this fast reaction 
above pH 6 would be due to a direct replacement of bisulfite by hydroxyl 
ion followed by dehydration to yield I because ( a )  the hydroxyl-ion 
concentration is too small a t  pH 6.5 to compete effectively with bisulfite 
ion and ( b )  the product formed by the attack of hydroxyl ion would be 
expected to deaminate very fast at pH 6.5 (13). A more likely explanation 
is that, above pH 6, the cationic nitrogen of III would lose the proton and 
the resulting lone pair of electrons in N-5 would help in the desulfonation 
of I11 to I. At low pH (i.e., pH -21, the N-5 still would be protonated and 
desulfonation would be relatively slow. No further studies of this reaction 
were performed. 


Catalysis of I Hydrolysis by Bisulfite at Neutral  pH-The de- 
scribed stabilization mechanism of I by bisulfite does not explain why 
the I degradation rate above pH 4 is increased in the presence of bisulfite 
compared to buffer alone (Table I). As seen in Figs. 1C and ID, the deg- 
radation product in the presence or absence of bisulfite a t  pH 7.0 is the 
same, i.e., 11. Therefore, the sulfurous acid species present a t  these pH 
values (pH 4-7) apparently does not form any other reaction product but 
catalyses I hydrolysis. Furthermore, the sulfite dianion appears to be a 
stronger catalyst than the bisulfite anion because bisulfite decreased I 
stability by a factor of 3 a t  pH 7 whereas the stability decrease was only 
15% a t  pH 6, even though the total sulfurous acid concentration was the 
same (Table I). Since the pK2 of sulfurous acid is -6.7, it is reasonable 
to assume that faster degradation of I a t  pH 7.0 in bisulfite compared to 
that at pH 6.0 is due to the presence of a higher fraction of sulfurous acid 
species in the sulfite dianion form. No attempts were made to elucidate 
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further the mechanism of bisulfite-ion catalysis of I degradation. 
Pharmaceutical  Significance-Parenteral Route-The results of 


this study indicate that if the solution in I is maintained a t  pH 2.5 and 
if a five- tct lQ-fold excess of sodium bisulfite (relative to theconcentration 
of I )  is provided, I is stable (<lo% degradation) for 20 hr a t  room tem- 
perature and for -4 days a t  refrigeration temperature. This conclusion 
represents a substantial improvement in the stability of I in solutions 
Further, the ready reversibility of the bisulfite-I addition product ( I I I ) ,  
to yield I a t  neutral pH values indicates that 111 will quickly convert tcb 
I in the body and thus act as a I prodrug. Such increased stability will 
assure better control over the preparation of the I infusion solutions and 
over the dose being administered. 


The results of this study also indicate that 1-2 g of sodium bisulfite 
would be necessary to provide a stable solution of 200 mg of I” to be in- 
fused over 24 hr. Infusions of similar amounts of sodium bisulfite in 
commercial amino acid solution are used routinely, so it appears unlikely 
that addition of bisulfite would add significantly to the drug toxicity. 


Oral Route-The mixture of I with bisulfite also holds promise as an 
oral dosage form. The administration of I alone is not practicable because 
of its relatively short stability a t  37’ over the pH range of the stomach 
and intestine. Furthermore, a t  the highly acidic stomach pH, a substantial 
portion of I would be in the hydrated form (IV) and, as suggested (9), the 
bioreversibility of IV to I at  physiological pH may not be complete. Above 
pH 6.0, a significant portion of IV probably would deaminate to I1 and 
suhsequent degradation products, and conversion of IV to I may not be 
quantitative. 


This argument is supported by comparing the chromatogram of a so- 
lution of I in 0.01 N HCI (Fig. 4B) with that of the same concentrations 
of I in water (Fig. 4A) using HPLC Method 1. There was a 25% decrease 
in peak I and an increase in peak I1 immediately after dissolving I in 0.01 
N HCI. After further storage, there was a more gradual decrease in peak 
I in Fig. 4R (an additional 10% decrease in peak I after 20 min a t  room 
temperature). Based on the stability studies of I a t  acidic pH (9), it is 
unlikely that a 25% loss of I would occur instantly a t  pH 2 (0.01 N HCI); 
therefore, it must be attributed to the decomposition of IV during HPLC 
with pH 6.5 huffer as the mobile phase. This conclusion is substantiated 
by the fact that when bisulfite was added to the solution of I in 0.01 N HCI 
(Fig. 4B), the chromatogram showed complete loss of peak I1 and an in- 
crease in peak I to approximately the original height of peak I in Fig. 4A 
(Fig. 4C). If I1 were already present in the sample of Fig. 4B in 0.01 N HCI, 
it is unlikely that it would cyclize immediately and yield I upon addition 
of the bisulfite. Therefore, in the presence of bisulfite in acidic pH, IV 
apparently is converted to 111, which then elutes as I in HPLC Method 
1 as discussed earlier. 


This discussion indicates that a significant portion of IV resulting from 
dissolving I in acidic pH in the absence of bisulfite does not reverse back 
to 1 on reaching physiological pH. However, a mixture of I and sodium 


l 1  Usual daily dose of 1 is 100-200 mg/ml. 


IV 


hisulfite would quickly form a relatively stable compound (111) in the 
acidic pH of the stomach and then rapidly revert back to I above pH 6. 
Thus, drug absorbed in the stomach probably would quickly release 1 on 
reaching the higher pH (7.4) of blood. Although the stability of the bi- 
sulfite-1 mixture a t  the higher pH of the ileum is uncertain, a mixture 
of I with bisulfite as an oral preparation holds promise as a stabilized 
dosage form during its passage through the stomach and warrants further 
investigation by the oral route. The toxicity and efficacy of 111 and its 
application in developing suitable dosage forms of I are presently being 
investigated. 
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Abstract 0 The dissolution rates of doxycycline monohydrate, hyclate, 
and hydrochloride dihydrate crystal forms were investigated using the 
static pellet method. Solubility product equilibria with chloride ion 
strongly suppressed the dissolution rate of the hydrochloride dihydrate 
salt. This form dissolved about fourfold slower in 0.1 N HCl than in water, 
which was consistent with its solubility in these media. Specificity for 
chloride was demonstrated by the rapid dissolution rate for the hydro- 
chloride dihydrate in 0.1 N methanesulfonic acid. The dissolution rates 
of the hyclate, a solvated hydrochloride salt, and the free base were not 
sensitive to chloride ion. The results show that common ion equilibria 
with chloride can strongly reduce the dissolution rate of a thermody- 
namically stable hydrochloride salt form, while the free base or a meta- 
stable hydrochloride salt are not similarly affected. 


Keyphrases o Doxycycline-dissolution rates, free base and hydro- 
chloride salts Dissolution rates-doxycycline free base and hydro- 
chloride salts Antibacterials-doxycycline, dissolution rates of free 
base and hydrochloride salts 


Aqueous solubilities of doxycycline monohydrate (Ia), 
hyclate (Ib), and hydrochloride dihydrate (Ic) crystal 
forms have been studied (1). Solubility product equilibria 
involving chloride ion and self-association were major 
factors affecting the aqueous solubility of the hydrochlo- 
ride dihydrate salt (Ic). Common ion effects also in- 
fluenced the solubilities and dissolution rates of the hy- 
drochloride salts of chlortetracycline, demeclocycline, and 
methacycline (2). Evidence was presented for greater 
bioavailability from the chlortetracycline and methacy- 
cline free bases compared to the hydrochloride salts (3). 


In contrast with other tetracyclines, several studies have 
found doxycycline to be well absorbed orally (4-8). In a 
crossover study, a suspension of Ia had a significantly more 
rapid absorption rate but equivalent area under the curve 
values compared to capsules and an oral solution con- 
taining Ib (4). Serum doxycycline levels were less affected 
by food than those of tetracycline or demeclocycline (5, 
6). 


The purposes of the present investigation were to ex- 
amine factors affecting the intrinsic dissolution rate of 
doxycycline forms (Ia-Ic) in various media and to correlate 
these findings with previously reported solubility behavior 
(1). 


EXPERIMENTAL 


Materials-Compounds Ia and Ib were USP grade and were used as 
received'. Compound Ic was prepared as described previously (1) and 
ground in a mortar and pestle before compression. Buffer materials were 
reagent grade. Water was deionized and double distilled. 


Dissolution Rate Determination-The static pellet method was used 
(9). Pellets were prepared by directly compressing 500 mg of powder in 
a 1.27-cm diameter die. A laboratory press* was used at 211 kg/cm2 (3000 
psi) for 20 sec. After the lower side was masked, the die with the pellet 
was positioned facing up  in the bottom of a water-jacketed beaker con- 


1 Pfizer Inc. 
2 Carver. 


taining 800 ml of dissolution medium a t  25.0 f 0.2'. The solution was 
stirredg by a paddle rotating at 50 rpm. 


Samples were withdrawn a t  appropriate intervals and assayed spec- 
trophotometricall? a t  345 nm. Filtration was not necessary since sig- 
nificant pellet disintegration did not occur. The I concentration (free base 
equivalent) was determined from Beer's law plots prepared using Ib in 
the solvent of the dissolution experiment. The results are reported as the 
average of two or more runs. 


RESULTS A N D  DISCUSSION 


Dissolution curves for Ia-Ic under several conditions are shown in Figs. 
1 and 2. Dissolution rate constants given in Table I were calculated as 
linear regression slopes. In several cases, the dissolution medium solu- 
bility is not meaningful since conversion to a more stable crystalline form 
occurred during the equilibration period. For example, solutions of the 
hyclate salt (Ib) in 0.1 N HCI will ultimately crystallize as the more stable 
hydrochloride salt form (Ic). Similarly, addition of sufficient Ic to pH 
4.0 or 7.0 buffers results in its conversion to the less soluble free base ( la ) ,  
assuming sufficient buffer capacity. Thus, the original crystalline form, 
for which a solubility value was desired, does not exist at equilibrium. 


I I /  
0.03 


- 
E . ol 
E. 0.02 
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J 
0 > 
0 > 
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0 
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4 8 12 16 20 
MINUTES 


Figure 1-Dissolution of doxycycline monohydrate (la) and hydro- 
chloride dihydrate (Ic) in water and pH 4 and 7 buffers. Concentration 
is expressed as free base equiualent. Key: 0, Ic  in 0.1 M acetate buffer, 
pH 4.0; A, Ic in 0.1 M sodium phosphate buffer, pH 7.0; 0, Ic in water 
(pH 6.8-7.0 during run); and 0 ,  la in 0.1 M acetate buffer, pH 4.0. 
Buffers did not contain chloride ion. 
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Figure $--Dissolution of doxycycline monohydrate ( la) ,  hyclate (Ih),  
and hydrochloride dihydrate (Ic) in acidic media at 25”. Concentration 
is expressed as free base equivalent. Key: 0, I b  in 0.1 N HCI; 0,  l a  in 
0.1 N HC1; A, Ic  in 0.1 N C H s S O a ;  0, Ic  in 0.05 N HCI; and ., Ic  in 
0.2 N HCI. 


Compound Ic dissolved rapidly in water and pH 4.0 and 7.0 buffers 
(Fig. l ) ,  whereas Ia dissolved approximately 100-fold slower a t  pH 4. 
Precipitation of Ia could occur on the pellet surface during Ic dissolution 
in pH 4.0 or 7.0 buffers. A phenomenon of this type resulted in nonlinear 
dissolution rates for tolazamide sodium in phosphate buffers due to ap- 
parent surface conversion to the acid form (10). The good linearity and 
rapid dissolution rates in Fig. 1 indicate that significant conversion to 
Ia did not occur during dissolution of Ic. 


The dissolution rate order of Ic > Ia applicable to neutral pH values 
was reversed in dilute hydrochloric acid (Fig. 2). The common ion effect 
of chloride inhibited dissolution of the thermodynamically stable form 
(Ic). In 0.1 N HCI, Ic dissolved four- to sixfold slower than in water and 
pH 4 or 7 buffers. Reduction of hydrochloric acid from 0.1 to 0.05 N 
caused a 70% increase in the dissolution rate. The expected chloride-ion 
specificity was confirmed by measurement of the dissolution rate of Ic 
in 0.1 N CH~SOBH. In this medium of similar acidity but without chlo- 
ride, the Ic dissolution rate was equivalent to that found for Ia or Ib in 
0.1 N HCI. The solubility product equilibrium of Ic with chloride ion was 
reported with a K$ value of 1.8 X M 2  (1) .  Compound Ic was about 
fivefold less soluble in 0.1 N HCI than in water, consistent with the dis- 
solution rate data. 


The dissolution rates of Ia and Ib in hydrochloric acid were apparently 
insensitive to chloride ion, indicating that conversion to Ic did not occur 
on the pellet surface. Doxycycline solubility is complicated by self-as- 
sociation in relatively concentrated solutions to form a dimer and higher 
order forms (1). Therefore, self-association in the diffusion layer probably 
prevents Ic crystallization during the dissolution experiments. 


When an acid-base reaction occurs between buffer species and the 
dissolving substance, dissolution rates cannot be compared with solu- 
bilities. A study of the benzoic acid dissolution rate in basic and buffered 
media showed that the dissolution rate was dependent on the strength, 
diffusivity, and concentration of the basic-buffer species (1 1). Examples 


Table I-Dissolution Rates and Solubilities of Doxycycline 
Forms at 26’ 


Doxycycline Dissolution Rate, Equilibrium 
Form Medium mg/(min cm2) Solubility, mg/ml 


Ia 
Ib 
Ic 
Ic 
Ic 
Ic 
Ic 
IC 
Ia 


DH 4.0 buffer” 
bH 7.0 buffer 
Water (pH 6.tL7.0) 
DH 4.0 buffer 


6.3 
6.9 
1.0 
1.7 
6.3 
6.3 
5.0 
3.8 
0.05 


- a 
- a 


9.96 
23.5b 
- 
- a 
- a 


50 
0.756 


No value is given since the solubility of the stated crystalline form is not mea- 
surahle in this medium. Conversion ttr a thermodynamically more stahle form oc- 
curs. * Reference 1. 


of similar dissolution behavior from the present data are Ia in 0.1 N HCI, 
Ic in pH 4.0 buffer, and Ic in pH 7.0 buffer. The rapid dissolution of Ia 
in 0.1 N HCI compared to pH 4.0 buffer is analogous to the acid-buffer 
interaction already discussed. The hydrochloric acid strength and dif- 
f‘usivity are largely responsible for the rapid dissolution of poorly 
water-soluble Ia (11, 12). The more rapid dissolution rate for Ic in pH 
4.0 and 7.0 buffers compared to water is due to the rate-increasing effects 
of‘ the basic huffer components. 


The hyclate salt (Ib) is a solvated hydrochloride containing 0.5 mole 
each of ethanol and water. Without consideration of common ion effects, 
the intrinsic dissolution rate of this metastable salt form should be greater 
than that of the stable form (Ic) due to its higher thermodynamic activity 
(13). In the present system, Ib had the significant advantage of not taking 
part in a common ion equilibrium with chloride ion. This difference may 
be important in oral dosage forms due to the high chloride level in human 
gastric juice, 0.07-0.16 M (14). This amount of chloride is sufficient to 
alter markedly the dissolution properties of Ic but not of Ia or Ib. Under 
identical conditions of pH and chloride concentration, Ia-Ic all must yield 
the same equilibrium solubility in dilute hydrochloric acid, i.e., that  of 
the thermodynamically stable form (Ic). 


The results of this study indicate that solubility product equilibria can 
be a major factor affecting dissolution of hydrochloride salts in chlo- 
ride-containing media. In such cases, selection of an alternative salt form 
or “less soluble” free base may improve dissolution and bioavail- 
attility. 
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Steady-State Plasma Level during Multiple Dosing of 
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Abstract  A new general equation based only on plasma data was de- 
rived for rapid estimation of the average plasma level and the mean 
fraction of the steady-state plasma level attained during any multiple- 
dosing interval. It can be applied to any complex absorption or infusion 
kinetics (i.e., is not limited to zero-order or first-order kinetiq) for drugs 
obeying linear disposition kinetic or superposition principles. The time, 
t, required to reach a certain mean fraction of the steady-state plasma 
level is equal to the time at  which the plasma area from time zero to time 
t is equal to the same fraction of the plasma area from time zero to infinity 
(A UC0-J following a single dose. No other pharmacokinetic parameters 
are necessary. 


Keyphrases 0 Plasma drug levels-rapid estlmation of times required 
to attain various fractions of steady-state level, pharmacokinetics Drug 
absorption-estimation of times required to attain various fractions of 
steady-state level, pharmacokinetics 0 Models, pharmacokinetic-times 
required to attain various fractions of steady-state plasma drug level 


Accumulation profiles (times required to reach various 
mean fractions of the steady-state plasma level after 
multiple dosing) are important in drug therapy and animal 
and human toxicity studies. Most reported equations for 
predicting the accumulation profiles based on linear 
pharmacokinetics appear to be limited to classical one- 
compartment or two-compartment models with multiple 
(parallel) first-order absorption or with multiple intrave- 
nous bolus injection or short-time infusion (1-7). They 
usually require information such as the apparent volumes 
of distribution, the first-order intercompartmental dis- 
tribution rate constants, the first-order elimination rate 
constant from the central compartment, the absorption 
rate constant, and the terminal first-order elimination rate 
constant. Equations will certainly become more compli- 
cated if more than a two-compartment open model is in- 
volved or if the absorption process cannot be described 
simply by zero-order or first-order equations. 


The purpose of this article is to describe a novel com- 
partment- and model-independent method for rapidly 
estimating the average plasma level and the times to obtain 
various mean fractions of the steady-state plasma level 
during multiple dosing. This method is based on the su- 
perposition principle (2,3,5,8). It can be applied to any 
absorption or infusion kinetics, no matter how complex. 


THEORETICAL 


Following a single dose, the total area under the plasma level-time 


curve during each successive interval separated hypothetically by one 
dosing interval, T ,  is represented by AUCo-T, AUCT-PT, AUC~T-~T, ,  
. . . , AUC(,,-~)T-,T. The cumulative area from time zero to time nT after 
a single dose is represented by AUCO-~T. The plasma area data after a 
single dose can be estimated by either the integration method or the linear 
or logarithmic trapezoidal rule methods (9,lO). The total areas under the 
plasma level-time curve during the first, second, third, , . . , nth dosing 
intervals after multiple dosing are denoted by AUC~T, AUCPT, AUCST. 
. . . , AUC,T, respectively. 


Based on the superposition principle, the total area during each interval 
after multiple dosing can be calculated by (2, 3, 5,s): 


A U C ~ T  = AffC0-T (Eq. 1) 


A U C ~ T =  AUCo -.T+ AUCT-PT = AUc0-2~ (Eq. 2) 


AUCST = AUCo-T -k AUcT-yT + A U C ~ T - ~ T  = AUCO-~T 


AUC,T= AUCO-.T+ AUCT-PT + . . . + AUC(,,-I)T-,T 
(Eq. 3) 


= AUC~--,T (Eq. 4) 


When n is large or approaching infinity, AUCO-~T approaches 
A UCo--, the total AUC from time zero to infinity obtained after a single 
- (maintenance) dose. Therefore, the average steady-state plasma level, 
Cpsr, can be calculated by (2,3,5,8): 


(Eq. 5) 


and the average plasma level during the nth dosing interval of the mul- 
tiple dosing should be equal to: 


Table I-Hypothetical Plasma Level Data a f t e r  a Single Ora l  
Dose to a Subject 


t ,  Plasma Level, A U C ~ I - ~ ~ ,  AUCO-.~, 


0 0 - - 
hr mghter  hr mghiter hr mg/liter f" 


0.5 0 
1 .o 2 
2.0 6 
3.0 10 
5.0 10 


10.0 9 


0 0 0 
0.5 0.5 0.0006 
4.0 4.5 0.0054 
8.0 12.5 0.0150 


20.0 32.5 0.0390 
47.5 80.0 0.0961 


24.0 9 126.0 206.0 0.2475 ~~~. _.. 


48.0 8 204.0 410.0 0.4926 
72.0 7 180.0 590.0 0.7088 
96.0 3.5 121.2 711.2b 0.8544 


120.0 1.75 60.6 771.Sb 0.9272 
144.0 0.875 30.3 802.1 0.9636 


m 30.3 832.4' 1 .oooo 
/ = AUCo-l/AUC,. * Area estimated by the logarithmic trapezoidal rule 


Area estimated by the extrapolation method using a half-life of 24 method (11). 
hr. 
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- AUCQ.-.~T 
CpnT = T 


The steady-state plasma level, however, will be reduced to only 50% of 
69.37 mghiter. This new method can also be applied when there is a lag (Eq. 6 )  
time in absorption, as shown in the example. 


For drugs obeying nonlinear pharmacokinetics, such as phenytoin, a 
new factor, the apparent volume of distribution, can also affect the times 
required to reach various fractions of the steady-state plasma level after 


Therefore, the mean fraction of the steady-state Plasma level, /, achieved 
during the nth dosing interval should be equal to: 


AUCO-nT 
(Eq. 7) multiple dosing (11). = AUCo,, 


DISCUSSION 


Equation 7 indicates that  if a time of nT is needed to obtain an f frac- 
tion of AffCo-.. after a single dose, it also would take that long to obtain 
the same mean fraction of cpsa during the nth interval after multiple 
dosing. Equation 7 also indicates that  the time to reach a certain mean 
fraction of cp,, is independent of the dosing interval. The terminal bio- 
logical half-life of a drug per se does not affect the time required to reach 
a certain f value. 


The major advantages of this new approach are simplicity, generality, 
and the elimination of many pharmacokinetic parameters commonly 
calculated after oral and intravenous administrations. The only infor- 
mation needed is the compartment- and model-independent plasma area 
data obtained after a single-dose study. 


A hypothetical example illustrates the application of this new method. 
The hypothetical plasma level data after administration of a single oral 
dose to a subject and the data analyses based on Eq. 7 are summarized 
in Table I. The plasma level profile is very difficult, if not impossible, to 
describe by an equation. When the same dose is given every 12 hr, the 
average plasma levels between 60 and 72 hr and between 108 and 120 hr 
will be 70.88 and 92.72% of the steady-state plasma level, respectively 
(Table I). The steady-state plasma level should be equal to 69.37 mgfliter 
(i.e., 832.4/12). On the other hand, the average plasma levels between 48 
and 72 hr and between 96 and 120 hr will still be 70.88 and 92.72% of the 
steady-state plasma level, respectively, if the dose is given every 24 hr. 
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Determination of Ethylene Oxide, Ethylene Chlorohydrin, and 
Ethylene Glycol Residues in Ophthalmic Solutions at  Proposed 
Concentration Limits 
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Abstract  A GLC method was developed for the determination of 
ethylene oxide and its two reaction products, ethylene chlorohydrin and 
ethylene glycol, in ophthalmic solutions at the levels recently proposed 
by the Food and Drug Administration. The method requires no extrac- 
tions, sample preparations, or elaborate trapping and concentrating 
techniques. All three components can be chromatographed on the same 
spiral glass column packed with a porous polymer adsorbent. 


Keyphrases Ethylene oxide-analysis, GLC, ophthalmic solutions 
Ethylene chlorohydrin-analysis, GLC, ophthalmic solutions 


Ethylene glycol-analysis, GLC, ophthalmic solutions 0 GLC-analysis, 
ethylene oxide, ethylene chlorohydrin, ethylene glycol, ophthalmic so- 
lutions 


The Food and Drug Administration (FDA) recently 
published (1) proposed rules governing maximum residue 
limits for ethylene oxide (I) and its two reaction products, 
ethylene chlorohydrin (11) and ethylene glycol (111), in 
drugs and medical devices. These rules apply to ophthal- 
mic solutions, for which maximum residue levels of 10,20, 
and 60 ppm have been established for I, 11, and 111, re- 


spectively. These levels, proposed in conformance with 
current good manufacturing practices for finished phar- 
maceuticals, have been necessitated by the known toxicity 
and/or the mutagen potential of these compounds. Thus, 
while I is a highly effective sterilant, significant residues 
of it can be harmful. Its two reaction products, 11, produced 
from ethylene oxide and free chloride ion, and 111, an 
ethylene oxide hydrolysis product, also are harmful in 
significant amounts. 


Ophthalmic solutions that are not treated with 1 but that 
contact treated package cap liners must be assayed for 
residue content according to  the proposed specifications. 
This paper describes a successful attempt to satisfy this 
objective. 


BACKGROUND 


Extensive GLC work has been done on ethylene oxide (I) singly and 
in combination with its reaction products in various items including foods, 
I‘abrics, pharmaceuticals, medical and surgical devices, and plastics 
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Doxycycline Determination in Human Serum and 
Urine by High-Performance Liquid Chromatography 
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Abstract 0 A reversed-phase high-performance liquid chromatographic 
method for quantitative doxycycline determination in human serum and 
urine is described. The drug was extracted from buffered (pH 6.1) serum 
or urine into ethyl acetate. A structural analog, demeclocycline, was added 
as the internal standard. A 10-cm X 2-mm i.d., 5-pm Lichrosorb RP8 
column with acetonitrile-0.1 M citric acid as the eluent was used. The 
effluent was monitored at  350 nm. The extraction recovery from spiked 
serum was 87.8 f 4.3% (mean f SD, n = 11); for urine, a value of 92.2 f 
2.W0 (mean f SD, n = 10) was found. Within-run and within-day relative 
standard deviations averaged 1.80% (F = 2.5 pg/ml, n = 10) and 4.75% 
(F = 2.6 pglml, n = S), respectively. The detection limit was estimated 
at  50 ng/ml of serum. No significant extra peaks were observed in chro- 
matograms obtained on serum or urine extracts, suggesting the probable 
absence of metabolic processes in uiuo. 


Keyphrases 0 Doxycycline-analysis, human serum and urine, high- 
performance liquid chromatography High-performance liquid chro- 
matography-analysis, doxycycline in human serum and urine 0 Anti- 
biotics4oxycycline, high-performance liquid chromatographic analysis, 
human serum and urine 


The disposition of the antibiotic doxycycline in the 
human body has been the subject of numerous investiga- 
tions. Owing to its stronger lipophilicity, this drug has a 
higher absorption rate and a longer half-life than the other 
tetracyclines (I). Although the absence of metabolites in 
uiuo has been postulated ( l ) ,  this has not been proven due 
to the lack of specific assay methods. 


The existing fluorometric (2-4) and microbiological (5, 
6) procedures provide good sensitivity but are unabIe to 
differentiate doxycycline from its analogs, including pos- 
sible metabolites. In addition, the latter technique only 
allows estimation of total biological activity without cor- 
relation to the chemical structure of the substance. It also 
overlooks possible metabolites without antimicrobial ac- 
tivity. 


Therefore, the incorporation of a suitable chromato- 
graphic step in the analysis is highly desirable. Several 
TLC methods allow the separation and densitometric 
quantitation of tetracyclines in pure solutions (7-10). 
However, no attempt has been made to investigate their 
potential for analysis in biological materials. 


High-performance liquid chromatography (HPLC) 
combines a fast and reliable chromatographic technique 
with the relatively high sensitivity of on-line UV detection. 
A few papers (11-13) report its use for tetracycline, oxy- 
tetracycline, and chlortetracycline determination in serum 
and urine. However, none of these systems was applied to 
doxycycline. Disadvantages include the poor efficiency of 
some chromatographic separations (11,13), the lack of an 
internal standard (11, 12), and bad detection limits (12, 
13). 


During some preliminary work, an HPLC system ca- 
pable of separating doxycycline from several analogs in 
pure solutions was developed (14). A new system is now 
reported for quantitative doxycycline determination in 


- RI - Rz - R3 - R4 


oxytetracycline CH3 OH OH H 
tetracycline CH3 OH H H 
demeclocvcline H OH H CI 
chlortetracycline CH3 OH H CI 
methacycline =CH:! OH H 
doxycycline CHs H OH H 


human serum and urine. The procedure described involves 
a simple one-step solvent extraction followed by re- 
versed-phase HPLC, using a structural analog as an in- 
ternal standard. 


EXPERIMENTAL 


Reagents-A11 chemicals were analytical grade'. Acetonitrile and 
distilled water were used without further purification for the preparation 
of the chromatographic eluent. A pH 6.1 phosphate sulfite buffer was 
prepared by dissolving 27.6 g of monobasic sodium phosphate and 25.2 
g of sodium sulfite in 100 ml of water to give a final concentration of 2 M 
for each salt. Stock solutions of doxycycline hydrochloride* and deme- 
clocycline (demethylchlortetracycline) hydrochloride3 were prepared 
by dissolving the compounds in methanol-0.1 M HCl. All glassware was 
silanized using a 10% (v/v) solution of hexamethyldisilazane in tol- 
uene. 


Apparatus and Operating Conditions-The basic liquid chroma- 
tographic unit consisted of a single pumping system4 and a sampling 
valve5 with a 2 0 4  loop. A variable-wavelength detectofi was used to 
monitor the column effluent at 350 nm. Chromatography was performed 
on a homemade 10-cm X 2-mm i.d., 5-pm Lichrosorb RP8l column with 
acetonitrile-0.1 M citric acid (2476 v/v) as the mobile phase. The flow 
rate was 0.5 ml/min (9.65 MPa or 1400 psi). A filtration device was as- 
sembled by pressing a filter disk7 in a pasteur pipet. 


Column Preparation-The column was slurry packed using a mod- 
ified version of the viscosity method (15). A 9% (w/v) slurry was prepared 
in glycerol-methanol (20:80 v/v) and introduced into a 4.1-ml reservoir 
directly assembled on top of the column. A pressure of 34.47 MPa (5000 
psi) was applied by pumping acetonitrile through the column, using the 
maximum flow rate setting of the pump4. This procedure allowed re- 
producible packing of some 30 columns, which were all of the required 
standard, i.e., 2000 theoretical plates or more under the working condi- 
tions described. 


Extraction Procedure-A 0.5-ml sample of human serum, 50 pl of 
a 6% (w/v) aqueous ascorbic acid solution, 50 pl of the internal standard 
stock solution, and 1 ml of the pH 6.1 phosphate sulfite buffer were 
combined in a screw-capped polytef-lined tube. After mixine for 30 sec, 
6 ml of ethyl acetate was added. The tube was placed for 10 min on a ro- 
tating mixer9 and centrifuged for 6 min at 3000 rpm. 


1 E. Merck Co.. Darmstadt, West Germany. 
2 Pfizer Inc., Brussels, Belgium. 
3 Lederle Laboratories, Brussels, Belgium. 
4 Model 8500, Varian Associates, Palo Alto, Calif. 


6 Varichrom, Varian, Pa!p Alto, Calif. 
7 Type AP 40, pore size 
8 Super mixer 1291, Lab-Line Instruments. Melrose Park, Ill. 
9 Rotary mixer, Cenco Instruments, Breda, The Netherlands. 


Model CV-6-UHPa-NG0, Valco Instruments Co., Houston, Tex. 


refilter," Millipore Corp., Bedford, Mass. 
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Figure 1-Separation of seuen tetracyclines. Key: 1, oxytetracycline; 
2, tetracycline; 3, unidentified by-product of doxycycline; 4 ,  demeclo- 
cycline; 5 ,  chlortetracycline; 6 ,  methacycline; and 7 ,  doxycycline. The 
column was 10-cm X 2-mm Lichrosorb RP8 (5 p m ) ,  the mobile phase 
was acetonitrile-0.f M citric acid (24:76 ulu) ,  the flow rate was 0.5 
mllmin, and the temperature was ambient. 


The organic layer was transferred to a conical evaporation tube con- 
taining 100 pl of a 0.2% (wlv) methanolic ascorbic acid solution. The 
mixture was evaporated10 to dryness a t  room temperature by applying 
vacuum under continuous vortexing of the tubes. The residue was finally 
dissolved in 200 pl of the chromatographic eluent. After mixings, the 
solution was filtered and kept in ice until a 2 0 4  aliquot was injected into 
the chromatograph. 


A procedure identical to the plasma assay was followed for urine ex- 
traction, except that a 100-pl sample, 0.4 ml of buffer, and 3 ml of ethyl 
acetate were used. 


Calculations-Standard curves were constructed by analyzing serum 
samples containing known drug amounts and plotting peak height ratios 
(doxycyclinelinternal standard) uersus the corresponding doxycycline 
concentration. 


RESULTS AND DISCUSSION 


Chromatography-The excellent selectivity of the chromatographic 
system for the separation of seven tetracyclines is illustrated in Fig. 1. 
A previously used 25-cm X 4.6-mm i.d. RP8 column (14) was replaced 
by a short narrow-bore column to improve the detection limit. The ex- 
tremely small void volume reduces dilution in the column (16) but re- 
quires severe precautions to minimize extracolumn band broadening, 
which especially occurs in the connecting tubes and the detector cell. In 
addition, injection of components in a solvent that  is stronger than the 


10 Rotary Evapo-Mix. Biichler Instruments, Fort Lee, N.J. 
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Figure %-Chromatograms of serum containing 3 pg of doxycyclinelml 
(dose of 200 mg io) ( A )  and of blank serum (H). Key: I ,  unidentified 
by-product of doxycycline; 2, demeclocycline (internal standard); and 
3, doxycycline. Conditions were as in Fig. I except for the temperature 
(30'); defector sensitiuity W Q S  0.02 aufs. 


eluent, e.g., methanol, must be strictly avoided since such solvents cause 
a severe loss of column efficiency due to a secondary solvent effect. 


On the basis of this elution pattern, as well as its structural analogy, 
demeclocycline was chosen as the internal standard. Both other closely 
eluting derivatives, i.e., chlortetracycline'and methacycline, were un- 
suitable. The former showed a pronounced chemical instability, and low 
extraction yields (5-10%) were obtained for the latter. 


Extraction-The development of a suitable extraction step for this 
very polar, amphoteric, and labile compound involved various problems. 
A few techniques, used as a part of some fluorometric assay methods for 
tetracyclines in general, have been reported (2,3,17,18). Only medium 
polar organic solvents, i.e., ethyl acetate, amyl acetate, n -butanol, and 
1-pentanol, can be considered for the isolation of these compounds from 
a weakly acidic medium (2, 17). Several authors also used chelate ex- 
traction performed with divalent cations in a strong alkaline medium (3, 
4,12,13,18). However, subsequent concentration of the organic extract 
proved inconvenient; a dense salt residue prevented redissolution of the 
compounds in a limited aqueous solvent volume. 


The isolation procedure is a modification of a previously described 
method (2). Amy1 acetate was replaced by ethyl acetate t o  accelerate the 
final evaporation step. Partition into the organic solvent was particularly 
favored by salting out the compounds in the nearly saturated phosphate 
sulfite buffer. Three different buffers consisting of 3, 2, and 1 M sodium 
dihydrogen phosphate and 1, 2, and 2 M sodium sulfite gave corre- 
sponding pH values of -5.4, 6.1, and 6.5, respectively. The second buffer 
system was chosen because it provided the least aggressive medium and 
gave slightly superior extraction yields. In fact, all tetracyclines are 
subject to a reversible epimerization process of the C4-dimethylamino 
group, occurring preferentially in various buffers over a pH 2-6 range (19, 
20). 
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Table I-Analytical Recovery of Doxycycline from Human 
Serum 


Added, Measured, Recovery", 


3.07 2.69 87.6 
3.07 2.73 88.9 


d m l  pg/ml 5% 


3.07 
3.07 
3.07 
6.18 
6.18 
6.18 
6.18 
6.18 
6.18 
6.18 


2.80 
2.63 
2.60 
5.27 
5.55 
5.25 
5.75 
5.93 
5.40 
4.92 


91.2 
85.7 
84.7 
85.3 
89.8 
85.0 
93.0 
96.0 
87.4 
79.6 


a Mean f SD = 87.8 & 4.3. 


Despite these precautions, the internal standard, unlike doxycycline, 
initially deteriorated when serum extracts in ethyl acetate were evapo- 
rated at  60'. The additional peak appearing in the chromatogram was 
identified as 4-epidemethylchlortetracydine on the basis of its retention 
time and UV characteristics (absorption rate method). No degradation 
occurred when a standard solution of demeclocycline in ethyl acetate was 
taken to dryness at 60'. However, considerable epimerization took place 
even when the compound was added to the organic layer after the ex- 
traction of a blank serum sample. Apparently, one or more coextracted 
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Figure 3-Chromatograms of blank urine (B) and of urine containing 
15 pg of doxycyclinelml (dose of 100 mg PO) (A) .  Key: 1, unidentified 
by-product of doxycycline; 2, demeclocycline (internal standard); 3 and 
4, unidentified peaks; and 5, doxycycline. Conditions were as in Fig. 2; 
detector sensitioity was 0.02 aufs. 


Table 11-Analytical Recovery of Doxycycline from Human 
Urine 


Added, Measured, Recoverya, 
Ccg/ml Icdml % 


26.15 
26.15 
26.15 
26.15 
26.15 
52.30 
52.30 
52.30 
52.30 
52.30 


24.35 
23.85 
25.20 
24.70 
23.91 
47.40 
46.70 
48.10 
48.10 
48.00 


93. I 
91.2 
96.4 
94.6 
91.4 
90.6 
89.3 
92.0 
92.0 
91.8 


a Mean f SD = 92.2 f 2.0. 


serum component(s) act as a catalyst to this effect. Doxycycline itself was 
more stable under the same conditions. As previously suggested (ZO), a 
hydroxyl group at position 5 of the molecule should prevent epimerization 
by forming an intramolecular hydrogen bond with the dimethylamino 
group at  carbon 4. 


Mild evaporation conditions (room temperature, vacuum) and addition 
of a little ascorbic acid to the ethyl acetate eliminated the epimerization 
reaction. Although other tetracycline-stabilizing properties of ascorbic 
acid are reported (21). its action in suppressing the epimerization was 
somewhat surprising. 


Dissolution of the residue in the chromatographic eluent was adopted 
for column efficiency. It also served as an ultimate purification step. Most 
of the coextracted lipids and yellow serum pigments finally remained 
undissolved in this medium and were filtered off. Colorless and cleaner 
extracts were thus injected. This practice contributed markedly in pro- 
longing the column life. If loss of column efficiency is occasionally noticed, 
a simple replacement of the PTFE inlet filter will restore most of the 
original efficiency. 


Extraction Recovery-Recovery studies were carried out by ex- 
tracting samples containing known drug amounts and adding the internal 
standard after the extraction was completed. An external calibration 
curve for this experiment was constructed from the direct analysis 
(without extraction) of mixtures of doxycycline and the internal standard. 
Results for serum and urine are summarized in Tables I and 11. 


Linearity, Sensitivity, and Reproducibility-Linear relationships 
were observed up to concentrations of 6 pg/ml for serum and 100 pg/ml 
for urine. The amounts covered the entire anticipated therapeutic range. 
A pooled standard curve for serum, based on 30 values (0-6 pg/ml) ob- 
tained on 12 different days, had a slope of 0.305, an intercept of +0.008, 
and a correlation coefficient of 0.9995. A similar curve constructed for 
urine (0-100 @g/ml) yielded 0.073, + 0.002, and 0.9999, respectively. The 
detection limit in serum is estimated at  50 ng/ml, a value much lower than 
the concentrations occurring a t  usual dosage regimens. A within-run 
relative standard deviation for serum at  the 2.5-pg/ml level of 1.8% ( n  
= 10) was obtained. Long-term reproducibility was evaluated over a 
20-day period (n = 9) at  a concentration of 2.6 pg/ml and yielded a value 
of 4.75%. 


Applications-The assay method presented has been used routinely 
in this laboratory to monitor serum drug levels in patients receiving 
doxycycline therapy (130samples. 38 subjects). Levels after 2-3 hr ranged 
from 2 to 9 Hg/ml after a single intravenous dose of 200 mg. 


Figure 2A shows a typical HPLC record of a human serum extract 
containing doxycycline and the internal standard. Capacity ratios (k') 
of both compounds were 4.5 and 9.6, respectively. No interfering peaks 
were observed in a blank serum extract (Fig. 2B). 


Chromatograms of a blank urine extract (B) and of a urine extract 
(A) from a patient who received 100 mg of doxycycline are shown in Fig. 
3. 


No large extra peaks were present in serum or in urine extracts. The 
small unidentified peak (Figs. 2 and 3) was probably due to a doxycycline 
degradation product since it was found in freshly prepared standard 
solutions and in serum and urine samples from patients receiving doxy- 
cycline therapy. Because metabolites are generally more polar than the 
parent compound, they should elute earlier than doxycycline from a re- 
versed-phase column. Therefore, it is noteworthy that no such metabo- 
lites could be detected. 


Furthermore, the method can be valuable for determining the phar- 
macokinetic parameters of the drug to optimize its dosage scheme. Its 
application to other biological materials requires a few modifications and 
is presently under study. 
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Abstract The State-Trait Anxiety Inventory was administered to 15 
suhjects before initiation of the experiment. Three subgroups of five 
subjects were defined by computing the unweighted sum of the state and 
trait anxiety scores. A 40-mg dose of clobazam, a 1,5-benzodiazepine, was 
administered to each subject and repeated with two additional dosage 
forms following a 2-week washout period. Blood samples were withdrawn, 
and blood levels were determined by fluorometric analysis. Additionally, 
pupillary measures of critical flicker fusion, constriction, and dilation 
in response to a cognitive task were obtained a t  0, 2,4, and 6 hr. A re- 
peated measures analysis of variance revealed that blood levels were, as 
exrected, statistically different over time and dosage form. The pupillary 
constriction mirrored the blood levels in statistical patterns. The pupil- 
lary measure of cognition related to the anxiety state after the perfor- 
mance effects of the cognitive task were statistically removed. The results 
suggest that clobazam has less immediate human effect than does di- 
azepam. 


Keyphrases 0 Clobazam-analysis, fluorometry, blood levels, effect 
on pupillary constriction, and anxiety level 0 Pupillary constriction- 
clobazam effect, blood level, and anxiety level Tranquilizers, 
minor-clobazam, fluorometric analysis, blood levels, effect on pupillary 
constriction, and anxiety level 


Clobazam, a 1,5-benzodiazepine, is effective in the 
treatment of anxiety neurosis (1,2). The immediate and 
long-term effects of the benzodiazepines on human per- 
formance ability likewise have been demonstrated. Gen- 
erally, the benzodiazepines decrease human ability to 
perform complex tasks (3-5). Additionally, the benzodi- 
azepine drug class affects physiological measures such as 
auditory reaction times and complex visual reaction times 
(6-8). 


Pupillometrics is defined as the aspect of psychology 
that deals with the assessment of pupillary alterations 
elicited by any stimulus other than light (9). Pupil dilation 
in response to complex cognitive tasks can be observed 
with proper instrumentation and experimental controls 
(10). A sensitive means of generating pupillary cognition 
curves by verbally presenting randomized digits to subjects 
was described (11, 12). Furthermore, diazepam con- 
sumption was shown to alter the pupil cognition curves and 
recall ability (12). 


The objective of this research was to determine if clo- 
bazam consumption related to pupillometry involving 
human cognition and two noncognitive pupillary measures. 
Critical flicker fusion and miotic effect of the drug were 
selected as noncognitive measures. 


EXPERIMENTAL 


Fifteen male volunteers were recruited and subjected to the State- 
Trait Anxiety Inventory (13). A high anxiety subgroup, consisting of five 
members, was defined operationally by a combined state-trait anxiety 
score of >72.0. A five-membered, low anxiety group was defined by a 
combined score of <64.0. The remaining five subjects were assigned to 
the middle anxiety group. 


A randomized Latin-square design was employed to assign the subjects 
to a three-level dosage form treatment group. .Each subject received 
separate 40-mg doses by tablet, solution, and capsule dosage forms in 
randomized and matched sequences. Blood samples were obtained for 
up to 144 hr following ingestion (14). The blood levels were determined 
by a fluorometric assay, which did not distinguish between the drug and 
its active major metabolite, the N-desmethyl compound (15). 
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Abstract  The reactions of sodium nitrite and methapyrilene were 
studied in aqueous solution a t  neutral pH and under simulated gastric 
fluid conditions. Reaction product formation was much more complex 
than nitrosation of the parent molecule dimethylamino moiety to form 
nitrosodimethylamine. Several new nitroso compounds were formed 
under the reaction conditions studied. The simultaneous incorporation 
of 2 moles of ascorhic acid/mole of nitrite ion prevented any destruction 
of methapyrilene under all conditions studied. The implications of these 
observations with respect to nitrosation theory, the general carcino- 
genicity of nitroso compounds, and methapyrilene dosage formulation 
are discussed. 


Keyphrases 0 Methapyrilene-nitrosation, in uitro, with sodium nitrite, 
nitrosodimethylamine formation, effect of pH, prevented by ascorbic acid 
0 Ascorbic acid-methapyrilene nitrosation, prevention of nitrosodi- 
methylamine formation, in uitro 0 Nitrosodimethylamine-formation 
from methapyrilene, prevention by ascorbic acid, in uitro 0 Carcino- 
gens-nitrosodimethylamine, formation from methapyrilene, prevention 
by ascorbic acid, in uitro 


The formation of N-nitroso compounds by interaction 
of nitrite or other nitrosating agents such as gaseous ni- 
trogen dioxide or dinitrogen trioxide with susceptible 
amines has received much attention over the past few years 
(1). A recent survey showed that of 100 nitrosamines 
studied, 80% were carcinogenic in animal studies (2). 


BACKGROUND 


No animal species has proved immune so far to the carcinogenicity of 
N-nitroso compounds (3,4). Dimethylnitrosamine, the simplest dialkyl 
nitrosamine, is carcinogenic in a wide variety of species'including the 
mouse, hamster, mink, rat, guinea pig, rabbit, and rainbow trout. Di- 
methylnitrosamine is carcinogenic in the mink a t  the lowest dose tested 
in rodents, 50 pg/kg, given twice per week in the diet (5). In addition, the 
carcinogenicity of N-nitrosamines is organospecific. In the rat, for ex- 
ample, dimethylnitrosamine is a liver carcinogen regardless of the ad- 
ministration route (6). 


These results are of particular concern to humans, because many of 
these suceptible amines are commonly ingested as pharmaceuticals, 
pesticide residues, and normal components of food. Additionally, nitrite 
is produced by microbiological nitrate reduction in the mouth and is in- 
gested from exogenous sources such as cured meat products and many 
vegetables. 


Ascorbic acid inhibits this reaction, as was first demonstrated in an 
in uitro study (7) in 1972. This protective effect of ascorbic acid was ex- 
tended to in uiuo studies (8). which demonstrated that aminopyrine- 
nitrite-induced hepatotoxicity in rats could be completely abolished by 
the concomitant feeding of sodium ascorhate. 


The mechanism of this protective effect by ascorbic acid is currently 
believed to be due to the ability of ascorbic acid to compete successfully 
with susceptible amines for the available nitrite (nitrosating species) ion. 
This premise is based on detailed studies (9) of the anaerobic oxidation 
of ascorbic acid hy nitrous acid. The initial attack by the nitrosating 
species on the 3-hydroxy group of ascorhic acid forms the nitrite ester, 
which subsequently decomposes to yield the semiquinone. Further re- 
action of the semiquinone with an additional mole of nitrosating species 
completes ascorbate oxidation to dehydroascorbic acid. This work was 
extended (10) to aerobic systems, and a kinetic model was developed that 
predicted the amount of ascorbate required to inhibit completely nitro- 
sation of an amine in the presence of ascorbic acid. 


Since that time, the conditions required for ascorbic acid to prevent 
nitrite-induced reactions involving many different amine substrates have 
needed evaluation. The subject of the present study is methapyrilene, 


a tertiary pharmaceutical amine found in many over-the-counter anti- 
histamine and sleep aid products. A significant incidence of liver tumors 
and other liver lesions was reported in rats fed an aqueous solution of 
methapyrilene plus sodium nitrite (1 1).  The authors presumed that this 
hepatotoxicity was due to dimethylnitrosamine formation in the stomach 
of the test animals. The present study was undertaken to investigate the 
methapyrilene reaction with nitrite and the potential utility of ascorbic 
acid in protection of methapyrilene from such reactions. 


EXPERIMENTAL 


Materials and  Methods-Methapyrilene hydrochloride' was com- 
mercial grade. Sodium nitrite2 and isopentyl nitrite3 were used as sources 
of nitrosating intermediates. Redistilled methylene chloride was used 
for all sample extractions and workups. 


Nitrosated Standards-Nitrosation of N- (2-Pyridyl)- N'-dirneth- 
ylethylenediarnine (VIII)-The amine was purified by dissolving it in 
hydrochloric acid, extracting with methylene chloride, basifying the 
aqueous phase, and extracting the amine with ether. 


The amine (165 mg, 1 mmole) was dissolved in 4 ml of ether and treated 
with 1 ml of isopentyl nitrite. After standing overnight, a gummy residue 
precipitated. The ether solution was decanted and heated to evaporate 
the solvent. Alcohol (7 ml) was added, and the resultant solution was 
evaporated by boiling and then under a nitrogen stream. The product 
(IX) was obtained as a reddish oil, pure by TLC. 


Nitrosation of 2-(2-Thienylrnethylamino)pyridine (V)-The re- 
crystallized amine had a sharp melting point and dissolved cleanly in 
ether. One millimole (190 mg) was treated with 1.5 ml of isopentyl nitrite 
in 4 ml of ether for 2 days. The product (V1) was worked as for IX and 
yielded a reddish oil, pure by TLC. Both products were confirmed as 
nitrosamines by the use of UV photolysis and Griess reagent on their 
chromatograms. 


Analyses-Methapyrilene determinations were performed by GLC4 
on an instrument equipped with a flame-ionization detector. The column, 
a 1.83-m X 0.635-cm 0.d. 8% methyl silicone gum rubber5 glass U-tube, 
was operated isothermally a t  240" with a helium flow rate of 50 ml/min. 
Samples were injected as the free base after the reaction mixture had been 
rendered alkaline with sodium hydroxide and the compound had been 
extracted into distilled methylene chloride. 


The reaction products of methapyrilene with sodium nitrite were ex- 
tracted as outlined and analyzed by a combined GLC-mass spectrometefl 
system interfaced with a data dystem7. Methane was used as the GLC 
carrier gas and as the chemical-ionization reagent gas. A 1.02311 X 0.32-cm 
o.d. 3% methyl silicone gum rubber5 column was used a t  an initial tem- 
perature of 140° and a programmed rate increase of 10°/min. The mass 
range of m/e 60-460 was scanned in 2 sec. 


Electron-ionization mass spectrometry of the nitrosated standards of 
N-(2-pyridyl)-N'-dimethylethylenediamine and 2-(2-thienylmethyl- 
amino)pyridine were obtained by mass spectrometry8 using a chamber 
voltage of 70 (standard ionizing voltage). Several columns were tried for 
GLC-electron-ionization mass spectrometry, with terephthalic acid- 
treated polyethylene glycolg proving the most useful. Injector tempera- 
tures of 150-20O0 and lower were compared. 


TIX studies were performed using precoated 15-cm silica plates with 
and without the fluorescent additive for visualizing UV-absorbing 
compounds, as required. The solvent system was hexane-ether-meth- 


1 Lot 072/02470, J. B. Williams Co., Jersey City, N.J. 
2 J. T. Baker Chemical Co., Phillipshurg, N.J. 
3 Aldrich Chemical Co., Milwaukee, Wiu. 
4 Model 220, Tracor Instruments, Austin, Tex. 


Se-30. 
6 Model 1015D, Finnigan Corp., Sunnyvale, Calif. 


Model 6000, Finnigan Corp.. Sunnyvale, Calif. 
8 Hitachi-Perkin-Elmer RMU 6E mass spectrometer, Perkin-Elmer Corp., 


9 Carbowax 20MmPA. 
Norwalk, Conn. 
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Table I-TLC Hf Values for Methapyrilene and Some Reaction 
Products on Silica Gel C 


React ion to Spray Reagent 
Compound R, Value lodoplatinate Griess lsatin 


I 0.5 
I11 0.4 


VIll 0.25 
IX 0.55 


ylene chloride-methanol-concentrated ammonium hydroxide (4015: 
20:10:0.25). 


All compounds were visualized by UV on fluorescent plates. Nitro- 
samines were further identified hy spraying the plate with Griess reagent 
followed hy exposure to longwave UV light, which caused them to appear 
as pink spots. Basic nitrogen compounds were differentiated by spraying 
with iodoplatinate reagent, and thienyl compounds were detected by 
isatin reagent (12). The R/ values were not highly reproducible (probably 
because some components of the solvent system are very volatile). The 
compounds, in order of increasing R1 values, were VIII, I, IX, V, and VI 
(Scheme I and Table I). 


Nitrosamine analyses are most conveniently and quite specifically 
performed using a thermal energy analyzer (13). This detector can be 
coupled with either a gas or liquid chromatograph. The nitrogen-nitrogen 
hond of the nitrosamine (nitrosamide) is thermally split in a pyrolysis 
chamber. The resulting reaction products, parent amine (or amide) plus 
the liberated nitric oxide radical, and any other components that emerge 
from the pyrolysis oven are then swept through a cold trap. The nitric 
oxide radical, one of the few substances that will not be trapped, passes 
into the reaction chamber where it is oxidized with ozone to yield an ex- 
cited nitrogen dioxide molecule. As this molecule relaxes to the ground 


a a N=O 


v I 


1 I 


v I VIII IX 
31-HNO 


x X I  
Scheme I-Proposed reaction products of methapyrilene with sodium 
nitrite. The reaction products of I and I I I  arise through nitrosative 
attack on the dimethylamino group. When the leaving group is -CH3, 
thP resulting product is the unsymmetrical dialkytnitrosamine (path  
a ) .  When the Ieauinggroup is the substituted ethyl, both I and I I I  yield 


nitrosodimethylamine (path  b ) .  


I 


26 


I35 


- 
50 100 


I 5b lCI0 1bo 200- 


SCAN NUMBER 
Figure ]-(a) Total ion chromatogram of reference methapyrilene. (b) 
Total ion chromatogram of reaction mixture of mpthapyrilene and ni- 
tritp. 


state, it emits a characteristic energy (in the near IR), which is detected 
using a photomultiplier tube. 


Nitrosodimethylamine analyses were performed by a GLC-thermal 
energy analyzer using a column of polyethylene glycol'" on a potassium 
hydroxide-treated support. Methylene chloride solutions were generally 
analyzed isothermally a t  145" and an attenuation of 0.1. Some analyses 
were performed using a temperature program between 100 and 180" a t  
an attenuation of 0.1, when solvent tailing under isothermal conditions 
presented an analytical problem. 


Compounds VI, IX, nitrosodimethylamine, and the reaction products 
of methapyrilene and nitrite a t  37" were examined using a high-pressure 
liquid chromatography (HPLC)-thermal energy analyzer. These studies 
employed a prepacked column" and a mobile phase of 95% isooctane/5% 
acetone a t  a flow rate of 2 ml/min. The thermal energy analyzer detector 
was operated with an oven temperature of 450" and a reaction chamber 
pressure of 2 torr. The cold trap was held in a dry ice-isopropyl alcohol 
bath. 


Reactivity of Methapyrilene with Nitr i te  a8 a Function of Tem- 
perature-Methapyrilene solutions (1 mg/ml) were prepared in pH 3.7 
acetate buffer. Mole ratios of sodium nitrite to methapyrilene were ad- 
justed by adding solid sodium nitrite to the solution to yield 8.6,4.3,1.0, 
and 0.5 mole ratios. Reactions were carried out by sealing 10-ml aliquots 
of the reaction mixtures in 20-ml amber all-glass ampuls. Reaction 
temperatures of 90,70,50, and 37" were maintained by immersion of the 
samples in constant-temperature water baths. Reaction time was 4 hr. 
Samples were stored under refrigeration pending analyses. In this par- 
ticular study, nitrosodimethylamine determinations were performed by 
GLC using an electrolytic conductivity detector12 operated in the re- 
ductive mode without a catalyst (14). 


Mild Reaction Conditions-Studies were performed under simulated 
gastric fluid conditions a t  37" and pH 3.7 for 4 hr in glass-stoppered 
vessels. The methapyrilene concentration was 1 mg/ml, and the sodium 
nitrite concentration was 2 mg/ml. 


For a similar experiment involving the production of nitrosodi- 
methylamine over 1-5 days under room temperature conditions at pH 
6.2, the following sample workup was used. During storage, the samples 
were shielded from light. Afterwards, each sample was extracted with 
3 X 100 ml of methylene chloride, dried over sodium sulfate, and con- 


~ 


lo Carbowax 20M. 


l2 Model 310, Hall electrolytic conductivity detector, Tracnr Instruments. Austin, 
pPorisil, Waters Associates, Milford, Mass. 


Tex. 
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Table 11-Reaction of Methapyrilene with Nitri te as a Function of Temperature  a n d  Mole Ratio 


Nitrite-Methapyrilene Methapyrilene Analysis, % retention Nitrosodimethylamine 
Mole Ratio goo 70' 50° 370 a t  90". 9h nf therrrv 


8.6: 1 2 50 97 99 12 
4.31 7 59 96 99 8 


1:l 47 67 98 99 0.1 
0.51 75 82 98 100 <0.04 


Reaction time was 4 hr using pH 3.7 acetate buffer. Methapyrilene = 1 mg/ml. 


centrated to 10 ml in an apparatus13. Heptane, 1 ml, was added, and the 
sample was further concentrated to 1 ml with nitrogen. Samples were then 
quantitatively vacuum transferred to remove nonvolatile material and 
analyzed by the GLC-thermal energy analyzer on a polyethylene gly- 
collO-potassium hydroxide-treated column a t  100'. 


Ascorbic Acid Influence-The influence of ascorbic acid on the ni- 
trite-methapyrilene reaction was evaluated by incorporating 0-2 moles 
of ascorbic acid/mole of sodium nitrite present. In all cases, the reaction 
mixture pH was adjusted to compensate for the acid addition. 


RESULTS AND DISCUSSION 


Methapyrilene Reaction Products-The methapyrilene molecule 
contains a dimethylamine moiety, which could be a potential source of 
nitrosodimethylamine. Tertiary amines have been reported to undergo 
nitrosative dealkylation to form a nitrosamine in the presence of a ni- 
trosating intermediate (15.16). The optimum condition for many aqueous 
nitrosations is usually about pH 3.4, the pKa for nitrous acid. This pH 
generally reflects the mutual optimization of the two reactive species: 
( a )  the formation of the nitrosating intermediate, which increases with 
increasing acid concentration, and ( b )  the concentration of the unpro- 
tonated, more electrophilic form of the amine, which is, of course, de- 
pendent on the pKa of the specific base. 


Reaction Products of Methapyrilene and Nitrite-Methapyrilene 
nitrosation a t  pH 3.7 was investigated as a function of temperature and 
mole ratio of nitrite (Table 11). At 90° with an 8.6 mole excess of nitrite, 
the parent amine almost completely disappeared. As the temperature 
and mole ratios decreased, the stability of methapyrilene substantially 
increased. 


GLC-Chemical-Ionization Mass Spectrometric Analysis-These 
analyses were performed to identify the reaction products a t  90° and the 
highest mole ratio of nitrite. The total ion chromatograms for the refer- 
ence standard (methapyrilene base) and a sample containing a mixture 
of the methylene chloride-extractable reaction products obtained under 
different reaction conditions are reproduced in Fig. 1. Proposed structures 
for the individual reaction products can be found in Scheme I and Table 
111. No definite structure could be made for scan 144. The presence of a 
carbonyl function in 111, IV, and VII was confirmed by GLC coupled to 
an IR detection system14. 


At 90°, the major reaction product appeared to be 111, in which the 
methylene bridge between the ethylenediamine and thienyl moieties had 
been oxidized to a keto group. One possible mechanism for the formation 
of such an amide structure would involve attack of the nitrosyl ion on this 
group to form a C-nitroso compound, which could rearrange to the cor- 
responding oxime. Hydrolysis of the oxime would subsequently yield the 
amide plus hydroxylamine. 


One interesting aspect of this experiment can be seen in Table 11. A t  
90°, a definite break in both methapyrilene retention and nitrosodi- 
methylamine formation occurred a t  nitrite-methapyrilene mole ratios 
at  and below 1:l compared to the higher ratios. Not only was the retention 
of the parent compound improved, but the conversion of methapyrilene 


Table 111-Molecular Weights of the Products of the Reaction 
of Methapyrilene (I)  and  Sodium Nitr i te  


Molecular Possible 
Peak, scan number Weight Structure 


26 
58 
80 


190 
204 
26 1 


V 
VII 


I .. 


102 275 Iii 
135 276 I1 
155 290 IV 


13 Kuderna-Danish, SCA Scientific Inc., Bloomfield, N.J. 
I4 RS1, Norcon Inc., Norwalk, Conn. 


to nitrosodimethylamine was almost negligible. One interpretation of 
this observation would indicate that the parent amine consumes 1 mole 
of nitrite prior to attack of the dimethylamino function. This idea is 
supported by the fact that I11 was the principal oxidation product under 
these conditions. Moreover, the dealkylation products observed at 90° 
involved cleavage of the parent molecule in the ethylenediamine portion 
of the molecule and not in the thienyl moiety (uiz., V and VII). 


Room Temperature  Storage-Based on these findings, the system 
was reexamined using considerably less stringent reaction conditions to 
identify the initial reaction products. Solutions of 1 mg of methapyri- 
lene/ml of distilled water were stored a t  room temperature in the presence 
of 2 mg of sodium nitrite/ml. The pH of this mixture was 6.6. Under these 
conditions, substantial conversion (-l%/day) of the parent compound 
into N-(2-pyridyl)-N'-dimethylethylenediamine (VIII) was observed 
(Table IV). In the absence of nitrite, on the other hand, no deterioration 
of the parent compound was observed under identical storage periods. 
The appearance of this particular secondary amine is not unusual because 
its synthesis involves a cleavage of the activated methapyrilene methylene 
bond. One can only speculate as to why it was not observed at  90°. 


Compound VIII was isolated by TLC a t  R, 0.25 (Table I), and its 
identity was confirmed by GLC-mass spectrometric analysis of both the 
free amine and its trimethylsilyl derivative. Furthermore, it behaved 
identically to a known standard in all tests performed. The nitrosation 
of VIII was studied in simulated gastric fluid (pH 1.3) and acetate buffer 
(pH 3.7) using the same amine and nitrite-ion concentrations described 
for methapyrilene. After 4 hr of reaction, both samples were more than 
90% converted to the corresponding nitrosamine. After 24 hr, the reaction 
was essentially complete in both cases as estimated by TLC. 


The nitrosamine was separated from the reaction mix with methylene 
chloride and isolated by solvent evaporation. IR spectrophotometry 
confirmed the presence of a nitroso group and indicated a structure 
compatible with IX. The fact that  VIII reacted more readily with nitrite 
than methapyrilene is understandable since it is a, secondary amine. 
Secondary amines classically are the most readily nitrosated amines, with 
the exception of the tertiary amine aminopyrine (17). 


Further confirmation of the structure of the nitroso derivative of VIII 
by direct mass spectrometry was attempted. The compound yielded a 
fairly clean spectrum in which the highest m/e was 163, corresponding 
to M - 31 for the N-nitroso derivative of VIII (inlet temperature of 160'). 
When the inlet temperature was lowered to 65', a similar spectrum was 
obtained, but with additional peaks at m / e  164 and 179, presumably M 
- .30 and M - 15, respectively. In neither case was the molecular ion 
observed, so the resulting spectra, while consistent with the structure of 
IX, cannot be considered firm evidence that the desired product was 
obtained. GLC-mass spectrometry on terephthalic acid-treated poly- 
ethylene glycols yielded complex chromatograms with injector temper- 
atures a t  150-200'. Lower injector temperatures gave simpler chro- 
matograms, but this result may have been due either to less decomposi- 
tion or simply to fewer components being flash evaporated. 


Useful mass spectra were obtained for only two of these components. 
Both gave an apparent molecular ion a t  m/e 163 and probably correspond 
to the isomeric imines formed by HNO elimination of the parent nitro- 
samine during GLC (X and XI, Scheme I). 


Similarly prepared samples were also analyzed for nitrosodimethyl- 


Table IV-Oxidation of Methapyrilene ( I  mg/ml) in Water at pH 
6.6 in  the Presence of Nitr i te  (2 mg/ml) 


Hours a t  
Room Temperature Percent VIII" 


24 0.5 
48 1.8 
72 2.5 
98 4 


168 7.6 


0 Estimations by TLC compared to an authentic standard. 
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Table V-Effect of Ascorbic Acid on the Methapyrilene-Nitrite Reactions 


Ascorbic Acid- 
Nitrite Reaction Percent Present 


Mole Ratio Concentrationso Conditionsb PH MethapyrileneC IIId VIId Nitrosamined 


01 
0.5:l 
1:l 
2: 1 
01 


0.5:l 
1:l 
21 
0 1  


0.5:l 
1:l 
2: 1 
01 


0.5: 1 
1:l 
2 1  
01 
2:l 
01 
2: 1 
0 1  
2 1  
01 
2: 1 
0: 1 
2: 1 
01 
2: 1 
01 
2: 1 


A 
A 
A 
A 
B 
B 
B 
B 
A 
A 
A 
A 
B 
B 
B 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 


3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
6.6 
6.6 
6.6 
6.6 
1 .o 
1.0 
2.0 
2.0 
3.0 
3.0 
4.0 
4.0 
5.0 
5.0 


+ + + 
ND + + + 
ND 
- 
- 
- 
- 
- 
- 
- 
- 


ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 


+ + + 
ND + + + 
ND 
10 
5 


1-2 
ND 
10 
4 
2 


ND 
1 


ND 
4 


ND 
2 


ND 
<0.2 
ND 
<0.2 
ND 
<0.2 
ND 
0.2 


ND 


A. sodium nitrite = 2 m g h l  and methapyrilene = 1 mg/ml; and B, sodium nitrite = 10 mg/ml and methapyrilene = 5 mg/ml. 1 = acetate buffer, 37", 36 hr; 2 = acetate 
buffer, mom temperature, 10 days; 3 = distilled water, room temperature, 21 hr; 4 = distilled water, room temperature, 4 days; and 5 = simulated gastric fluid, 37O, 4 
hr. Analysis by GLC. &timation by TLC. The + indicates that the compound was present but not estimated, and ND indicates that none was detected. Estimation 
of VII was based on a methapyrilene standard. 


amine with the GLC-thermal energy analyzer after 1- and 5-day periods. 
The 1-day sample contained 0.33 ppm and the 5-day contained 0.104 ppm 
of nitrosodimethylamine. These values correspond to 16.5 and 5.2 pg of 
nitrosodimethylamine/50 mg of methapyrilene. The nitrosodimethyl- 
amine loss between Days 1 and 5 was due to chemical-physical factors 
that caused aqueous solutions of this nitrosamine to be unstable over long 


MINUTES 
Figure 2 -HPLC-thermal energy analyzer chromatogram for nitro- 
sodimethylamine, 5 ppm in methylene chloride, IO-pl injection, and  
attenuation 128X. 


periods. The fact remains, however, that  some production of nitrosodi- 
methylamine can take place even under such mild conditions. 


Gastric Fluid Conditions-The potential for nitrosamine formation 
between an amine and nitrite is greatly enhanced under gastric fluid 
conditions as compared to the neutral solution. This situation directly 
relates to the hydrogen-ion influence on the nitrosating intermediate 
formation through the nitrite-nitrous acid equilibria (Schemes I1 and 
111): 


NO; + H+ + HONO 
Scheme I1 


2HONO F= N203 + HzO 
Scheme III  


The studies performed here for the methapyriiene system after 4 hr 
under simulated conditions yielded the following results. Conversion of 
methapyrilene to nitrosodimethylamine was 150 ng/ml from a maximum 
theoretical yield of 250 pg/ml, which represents a 0.06% conversion by 
GLC-thermal energy analyzer analysis. In addition to nitrosodimethyl- 
amine, several other peaks appeared in the HPLC-thermal energy ana- 
lyzer chromatogram. The first peak in all HPLC-thermal energy analyzer 
chromatograms, appearing a t  3 min after injection, was a solvent front 
response; it did not correspond to an N-nitroso compound, and its mag- 
nitude was unimportant. The remaining peaks corresponded to the same 
peaks derived from the nitroso derivative of V and the nitroso derivative 
of VIII standards, although not all peaks could be accounted for in this 
manner. Nitroso V represented yet another nitrosamine derivative, which 
could be formed from methapyrilene (Figs. 2-4). 


These observations have important implications with respect to the 
experimental handling of methapyrilene-nitrite solutions, especially in 
animal feeding experiments such as those described previously (1 1). The 
present results indicate that the experimental protocol of mixing 
methapyrilene and sodium nitrite in drinking water prior to ingestion 
by test animals could lead to preformed nitrosodimethylamine in 
quantities (0.1-0.3 ppm in drinking water) comparable to those formed 
by incubation under simulated gastric fluid conditions for 4 hr. In addi- 
tion, the substantial conversion of the parent amine to VIII complicates 
the scheme by introducing a secondary amine that has been shown to 
nitrosate much more rapidly than the parent amine under simulated 
gastric fluid conditions at 37O. For this and other reasons, caution should 
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20 15 10 


MINUTES 
Figure 3-HPLC-thermal energy analyzer chromatograms. Key: top, 
nitroso derivative of V I ,  10-pl injection, a$ attenuation 128X; and 
bottom, nitroso derivative of I X ,  I O - p l  injection, and attenuation 
32X. 


be used in the interpretation of carcinogenicity experiments as solely the 
result of in vivo nitrosation of the parent amine. 


Ascorbic Acid Effect-Ascorbic acid was applied successfully as a 
nitrosamine inhibitor in a number of in vivo (8, 18) and in vitrv (7) sys- 
tems involving drug nitrosation. Table V summarizes the results for the 
application of various mole ratios of ascorbic acid to nitrite ion for two 
different concentrations of nitrite and methapyrilene under different 
reaction conditions. As predicted (lo), the presence of 2 moles of ascorbic 
acid/mole of nitrite was effective in preventing oxidative and nitrosative 
damage to the methapyrilene molecule. This result was true for all re- 
action conditions (Table v). Results not reported in Table V indicate that 
ascorbic acid is just as effective a protective agent a t  90'. Although TLC 
results can be considered encouraging, this procedure lacks the sensitivity 
and specificity afforded by the thermal energy analyzer. 


Analyses of methapyrilene-nitrite mixtures containing 2 moles of 
ascorbic acidhole  of nitrite were performed with the thermal energy 
analyzer. The reaction conditions were the same as those described under 
Experimental for 5 days a t  room temperature and 4 hr in simulated 
gastric fluid a t  37'. No thermal energy analyzer responsive peaks were 
detected in either sample (Fig. 5) .  Based on the lowest detectable limit 
for nitrosodimethylamine under the conditions of analysis, a maximum 
of 0.0001% of nitrosodimethylamine could be present in the ascorbic 
acid-containing samples in contrast to 0.06 and 0.03% of this nitrosamine 
found in the gastric fluid and 1-day room temperature samples, respec- 
tively. These results indicate that ascorbic acid is an extremely effective 
agent in protecting against methapyrilene nitrosation. Hence, it follows 
that susceptible pharmaceutical arnines could be safeguarded against 
in vivo nitrosation if they were compounded with ascorbic acid. 


This suggestion has already been made (7). Technologically, however, 
other considerations come into play. If the nitrosation rate of the amine 
is sufficiently slower than the ascorbate and nitrite reaction, one can 
safely conclude that in vivo nitrosation of the amine will be halted suc- 


Figure 4-HPLC-thermal energy analyzer chromatograms. Key: top, 
methapyrilene dissolved in sterile distilled water and immediately 
reacted with nitrite for 4 hr at 37O, 10-pl injection of methylene chloride 
extract, and attenuation 16X; and bottom, methapyrilene incubated 
at room temperature in sterile distilled water for 7days  and then reacted 
with nitrite for 4 hr at 37O, 10-pl injection of methylene chloride extract, 
and attenuation 32X. 


cessfully. Aside from kinetic considerations, this would presume that the 
ascorbic acid solution rate is comparable to or better than that for the 
susceptible amine. One formulation approach to assure this could be a 
T-T tablet with ascorbic acid comprising the outer tablet. 


Recent experimental work has shown that yet another precaution must 
be taken. Aminopyrine is a popular headache remedy on the European 
market. It is also a tertiary amine, which nitrosates extremely rapidly in 
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Figure 5-HPLC-thermal energy analyzer chromatograms. Key: top, 
same as Fig. 4 ( t o p )  with twice molar ascorbic acid added with nitrite, 
10-pl injection of methylene chloride extract, and attenuation 16X; and 
bottom, same as Fig. 4 (bottom) with twice molar ascorbic acid, 10-pl 
injection of methylene chloride extract, and attenuation 16X. 
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the presence of nitrite to yield nitrosodimethylamine (20). Eisenhrand 
ct 01.  (21) showed that tablets containing 300 mg of aminopyrine and 
protected with 160 mg of ascorbic acid contained 88,89, and 57 pg/kg of 
nitrosodimethylamine as purchased. These same tablets, when exposed 
for about 12 hr to a continuous air flow containing 1 ppm of nitrogen 
dioxide, comparable to many urban atmospheres (chamber volume of 
50 m3, air flow of 50 mri/hr), were found to contain 5090 pg/kg of‘nitro- 
sodimethylamine. Obviously, the heterogeneous admixture of amino- 
pyrine and ascorhic acid in a tahlet of this nature is less than effective 
in protecting the aminopyrine crystals from attack by nitrogen dioxide 
molecules. 


Aminopyrine is unusual in heing a tertiary amine that is more rapidly 
nitrosated than most secondary amines. This fact is a t  least justified 
under aqueous nitrosation conditions if one considers that it.. pKa is 5.04. 
Whether or not the same aherrant behavior extends to its ability to be 
directly nitrosated hy gaseous nitrogen dioxide as compared to other 
amines is not known. 


Successful tablet formulations containing ascorhic acid to protect 
against the nitrosation of a susceptihle amine should preclude the pos- 
sibility of direct gas phase exposure of the amine to nitrogen dioxide or 
contain suitable experimental assurances that this nitrosation route is 
not possihle. Protection of this type of susceptihle amine would probably 
involve encapsulation of the amine crystals or possihly the entire tablet 
with a suitahle barrier. 


SUMMARY AND CONCLUSIONS 


Methapyrilene contains a dimethylamine moiety, which, on the basis 
of previous studies (8, 15). was suspected of reacting with a nitrosating 
intermediate to form nitrosodimethylamine, a potent animal carcinogen. 
The present studies demonstrated that very small yields of nitrosodi- 
methylamine are obtained in neutral solutions at room temperature after 
1 day and also under conditions simulating gastric digestion (i.e., 4 hr at  
37” at pH 3.7). Severe reaction conditions (4 hr a t  90” at pH 3.7) are re- 
quired to obtain high yields (over 20%)) in the reaction of methapyrilene 
with nitrite. 


In near neutral solution at  room temperature and under conditions 
simulating the environment of the stomach, the major pathway for the 
reaction of methapyrilene and nitrite is completely different than that 
leading to nitrosodimethylamine formation. One observed reaction is the 
formation of’ the secondary amine N-(2-pyridyl)-N’-dimethylethyl- 
enediamine (VIII) through nitrite oxidation of the thiophene-activated 
methylene bridge of the parent amine. A recent report (22) indicating 
that methapyrilene is metabolized in vivo to nonsulfur-containing me- 
tabolites tends to support this finding. Another secondary amine can be 
formed by removal of the  side chain on the central nitrogen in the mol- 
ecule leading to 2-(2-thienylmethylamino)pyridine. Evidence suggests 
that the formation of these secondary amines could lead tn the generation 
of the corresponding nitrosamines under the acid conditions of the 
stomach. 


Ascorbic acid, when present in a 2:1 molar ratio to nitrite ion, was 
completely effective in preventing the oxidative and nitrosative damage 
of the methapyrilene molecule in all systems studied. 


The production of‘ small, hut toxicologically significant, amounts of 
nitrosodimethylamine and -1Wday o f  VIII from methapyrilene under 
neutral aqueous conditions in the presence of nitrite indicates that cau- 
tion should he exercised in any experimental protocol involving solution 
storage for the following reasons. Animal feeding studies cannot preclude 
the presence of preformed nitrosamines (e.g., nitrosodimethylamine). 
In addition, -l%/day of VIII, a secondary amine that has been shown 
to nitrosate much more rapidly than methapyrilene under simulated 
gastric fluid conditions, is formed. 


The concept of protecting susceptihle pharmaceutical amines from 


nitrosation by using ascorbic acid, either as its acid or salt form, is 
probahly a viable goal. However, consideration must be given not only 
to aqueous sources of nitrosating intermediates hut also to gaseous 
ones. 
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Abstract 0 A high-performance liquid chromatographic procedure was 
developed for diazepam tablet analysis. This procedure separates the 
manufacturing intermediate, 7-chloro-1,3-dihydro-5-phenyl-2H-1,4- 
benzodiazepin-2-one, and the decomposition products, 3-amino-6- 
chloro- 1-methyl-4-phenylcarbostyril and 2-methylamino-5-chloroben- 
zophenone, from diazepam. The liquid chromatographic procedure is 
superior to the USP UV assay because it is stability indicating. The 
method is simple, accurate, and fast, involving only one extraction step. 
A reversed-phase column and a methanol-water mobile phase were used. 
Under these conditions, 0.1% of the decomposition products was de- 
tectable. Typical samples of diazepam tablets showed no degradation. 


Keyphrases Diazepam-analysis, high-performance liquid chroma- 
tography, stability, tablets High-performance liquid chromatogra- 
phy-analysis, diazepam tablets, stability indicating Sedatives- 
diazepam, high-performance liquid chromatographic analysis, tablets, 
stability indicating 


1,4-Benzodiazepines are widely used as tranquilizers 
and muscle relaxants, and this wide use has prompted 
extensive literature on the analysis of these compounds. 
Diazepam' (I) is no exception. Most of the published lit- 
erature on the use of high-performance liquid chroma- 
tography (HPLC) for I analysis describes methods for the 
quantitation and identification of I and its metabolites in 
biological samples for both pharmacological and clinical 
applications (1-5). Several liquid chromatographic sepa- 
rations of a benzodiazepine series including I (6-8) and of 
I from drugs of abuse (9,lO) have been reported. Liquid 
chromatography has also been used to quantitate I as a 
ketazolam decomposition product (1 1). 


The current compendia1 (12) procedure for I analysis in 
tablets is a spectrophotometric method. In this procedure, 
the tablet mass is extracted three times with chloroform. 
The extracts are combined, brought to volume, and washed 
with a borate buffer solution. The chloroform layer is 
passed through anhydrous sodium sulfate; an aliquot is 
taken, evaporated to dryness, and dissolved in acidic al- 
cohol. The absorbance of this solution is measured and 
compared to that of a USP standard. 


This report describes the development of an HPLC 
procedure for the analysis of I in tablets. The liquid chro- 


Table  I-Retention Volume (Milliliters) 


Water 
with 0.1% 
NHdCOq- - ---. ~ ~ .. 


Corn- Water-Methanol Water-Acetonitrile Methanol, 
pound 350650 400:600 350650 400:600 300700 


I 8.3 11.7 5.7 6.6 8.3 
I1 1.4 9.8 4.8 5.3 7.3 


111 14.8 23.3 7.6 9.1 13.6 
IV 19.1 31.3 9.6 12.4 14.6 


Valium, Hoffmann-La Roche Inc. 


matographic procedure separates I from its manufacturing 
precursor, 7-chloro-1,3-dihydro-5-phenyl-2Z-Z-l,4-benzo- 
diazepin-2-one (II), and the decomposition products 3- 
amino-6-chloro-l-methyl-4-phenylcarbostyril (111) and 
2-methylamino-5-chlorobenzophenone (IV) and is both 
specific and stability indicating. 


The sample workup is minimal, involving the addition 
of an internal standard to the weighed tablet mass, ex- 
traction of the active compound into methanol, and in- 
jection into the liquid chromatograph. 


EXPERIMENTAL 


Instrumental  Conditions-A high-performance liquid chromato- 
graph equipped with a 254-nm UV detector2 and a reversed-phase CIS 
column3 was used. Three-microliter injections were made with a 5 - 4  
high-pressure syringe4. The flow rate was set a t  0.5-0.6 ml/min, which 


Figure 1-Chromatogram of a synthetic mixture of the internal stan- 
dard and I-I V ,  


Model 830, d u  Pont Instrument Co., Wilmington, Del. 
FBondapak CIS, Waters Associates, Milford, Mass. 
Model HP305N. Hamilton Co., Reno, Nev. 
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Table 11-Second-Dav Reuroducibilitv Data 


tablet tablet tablet tablet tablet tablet 


Mean 2.01 2.02 4.97 4.99 10.01 10.08 
SD 0.02 0.03 0.05 0.04 0.03 0.1 
r v ,  % 1.3 1.3 0.9 0.7 0.3 1 .o 
USP 2.00 4.95 10.1 


required pressures of 600-1000 psi, depending on the age of the column. 
The column was a t  ambient temperature, the electrometer setting was 
8, and the recorder chart speed was 3.9 min/cm. Quantitation was by peak 
height measurement. 


Mobile Phase-Various mixtures of water and methanol or water and 
acetonitrile were tried to optimize the separation. The quantitative results 
were obtained with a 65% methanol-water mobile phase. 


Internal Standard--The internal standard stock solution was pre- 
pared by pipetting 25 ml of benzene into a 1000-ml volumetric flask and 
bringing to volume with methanol. 


Standard Diazepam Solutions-The standard stock solution was 
prepared hy acrurately weighing -100 mg of I into a 100-ml volumetric 
l'lask and diluting to volume with methanol. The standard for the 2-mg 
diazepam tablet was made by pipetting 2 ml of the standard stock solu- 
tion and 2 ml of the internal standard solution into a 10-ml volumetric 
flask and diluting to volume with methanol. The standard solution for 
the 5-mg diazepam tablets was prepared by pipetting 5 ml of the standard 
stock solution and 5 ml of the internal standard solution into a 25-ml 
volumetric flask and diluting to volume with methanol. For the standard 
solution for the 10-mg diazepam tablets, 10 ml of the standard stock so- 
lution and 10 ml of the internal standard solution were pipetted into a 
50-ml volumetric flask and diluted with methanol to volume. 


Preparation of Sample Solutions of Diazepam Tablets-2-mg 
Tablcts----Approximately 170 mg ol' ground tablet mass was weighed 
accurately into a 10-ml volumetric flask, and 2 ml of internal standard 
solution was added. The flask was half filled with methanol andshaken 
lor 0.5 hr  on a wrist-action shaker. The contents were brought to volume 
with methanol, shaken, transferred to a plastic syringe, and filtered 
without vacuum through a 0.6-pm polyvinyl chloride filter5. 


5-mg 'Ihhlc1.s-Approximately 170 mg of ground tablet mass was 
weighed accurately intoa 25-mI volumetric flask, 5 ml of internal stan- 
dard solution was added, and the procedure for the 2-mg tablets was 
l'ollowed. 


10-mg 7hblcls-Approximately 170 mg of ground tablet mass was 
weighed accurately into a 50-ml volumetric flask, 10 ml of internal 
standard solution was added, and the procedure for the 2-mg tablets was 
l'ollowed. 


HESULTS AND DISCUSSION 


Several mobile phases can be employed to obtain the desired separa- 
tion. Mixtures of water-acetonitrile. water-methanol, and methanol- 
water with 0.1% ammonium carbtinate were tried. Table I gives the re- 
tention volumes of the four experimental compounds with the different 
mobile phases. 


A 350:650 mixture of water-methanol was chosen because the analysis 
time was reasonable and the solvents are readily available. The prelim- 
inary work was done with a mobile phase of water with 0.1% ammonium 
carhonate and methanol. However, since it was thought that the am- 
monium carhonate might contribute to column deterioration and since 
the ammonium carbonate was not necessary, a change was made to 
water-methanol. 


Figure 1 shows the separation ol'a synthetic mixture of benzene, 11, I, 
Ill, and IV. Benzene is used as the internal standard for the quantitative 
work. I1  is the manul'acturing intermediate, and 111 and IV are the I de- 
composition products. 


Quantitative Determination of Diazepam-All variables in the 
quantitative procedure were validated to ensure that errors could not be 
introduced inadvertently. The linearity of peak height ratios of I oersus 
two possible internal standards, benzene and p-xylene, was verified over 
the range o f  possible concentrations of I. Benzene was the internal 
standard used for the quantitative work. However, p-xylene elutes just 
after I and before I1 and is an alternative. 


~~ 


Type RD filter, Mdllpore Corp.. Bedford, Mass. 
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Figure 2-Chromalogram (if a synthetic mixture representing 0.1"; 
decomposition of I t o  111 and IV. 


The linear relationship of the amount of I uersus sample weight was 
verified also. These measurements, made in triplicate, show that the 
method is valid for a large range of sample sizes. 


The required extraction time was determined also. Samples of 2-mg 
tahlets were analyzed in triplicate using 10, 20, 30, and 40 min on the 
shaker. There was no difference within the experimental error for samples 
shaken for different times. This finding indicates that the timing of the 
shaking is not critical. The results of a 2-day reproducibility study for 
each strength tablet as well as the USI' spectrophotometric method are 
given in Table 11. The mean value is for 10 samples. 


Determination of Degradation Products-A synthetic mixture of 
I,  111, and IV representing the analysis of a diazepam tablet with 0.1% 
decomposition is shown in Fig. 2. This figure indicates that if the de- 
composition products were present, the limit of detection would be 0.1%. 
However, expired manufactured lots of diazepam tablets were analyzed 
and no decomposition was detected. 
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Abstract  0 In phenobarbital measurement by GLC with the flash- 
methylation technique, using trimethylanilinium hydroxide as a meth- 
ylating reagent, a small amount of water decomposed phenobarbital and 
interfered with the quantitative analysis. Thus, both the sample and the 
methylating reagent must be sufficiently dehydrated to attain quanti- 
tative analyses. The hydrolysis decomposition product of phenobarbital 
was N-methyl-2-phenylbutyramide, as shown by its mass spectrum. The 
sum of methylated Phenobarbital and N-methyl-2-phenylbutyramide 
(if observed in the spectrum) can be used for an accurate phenobarbital 
assay in the present flash-methylation technique. 


Keyphrases o Phenobarbital-analysis, flash-methylation GLC, de- 
gradates 0 GLC, flash methylation-analysis, phenobarbital in biological 
fluids, degradates 0 Mass spectrometry-analysis, phenobarbital in 
biological fluids, degradates 


GLC determination of anticonvulsant drugs in biological 
fluids has been widely adopted in clinical laboratories. 
Phenytoin and phenobarbital have usually been assayed 
with the flash-methylation technique, using trimethyl- 
anilinium hydroxide as a methylating reagent. Some au- 
thors (1,2) described the common errors in the assay of 
phenobarbital due to its decomposition by hydrolysis, and 
the GLC peak derived from the decomposition product has 
been called “early phenobarbital” (3); its structure has 
been speculated to be N-methyl-2-phenylbutyramide (111) 
(4,5). 


In the present work, the authors identified the decom- 
position product as I11 by mass spectrometry and found 
that its formation was due to the basic phenobarbital hy- 
drolysis caused in pretreating the sample with basic 
methylation reagent and the subsequent methylation of 
the resulting 2-phenylbutyramide (I) in the GLC unit. 
Several problems in the assay of the anticonvulsant drugs 
by flash methylation are discussed here also. 


EXPERIMENTAL 


Methylation-Various concentrations of trimethylanilinium hy- 
droxide in methanol were prepared as described previously (6) and stored 
a t  do. A 10-pg sample of phenobarbital was dissolved in 30 pl of tri- 
methylanilinium hydroxide-methanol solution (the reagent must be used 
within 2 weeks of preparation), and the mixture was kept standing for 
5 min. Each 3 - 4  sample obtained was then subjected to GLC. 


GLC-The gas-liquid chromatograph’ was equipped with a dual 
!lame-ionization detector and columns for linear temperature pro- 


gramming. The glass columns, 200 cm long X 4.0 mm i.d., were packed 
with an equal amount of either 1.5% QF-1 on 60-80-mesh Chromosorb 
W or 3% OV-17 on 80-100-mesh Shimalite2. The analysis was performed 
under the following conditions for 1.5% QF-1: injection temperature, 245O; 
detector temperature, 245‘; and column temperature, initial 150° and 
programmed to 215’ at 6’/min. For 3% OV-17, the injection temperature 
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Figure 1-Gas chromatograms of phenobarbital treated with various 
trimethylanilinium hydroxide concentrations. Phenobarbital was an- 
alyzed with 1.570 QF-1 in 0.20 (@), 0.10 (@), 0.05 (@), and 0.02s (@) 
M trimethylanilinium hydroxide solution. A l O - p g  sample of pheno- 
barbital was dissolved in 30 pl of trimethylanilinium hydroxide solution; 
after 5 min, a 3-pl sample was injected into the chromatograph. 


1 Shirnadzu GC-QCMPF, Shimadzu Ltd., Japan. 
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INSTILLING SCIENCE IN THE 
REGULATORY PROCESS 


When mention is made of the US. Food and Drug Administration among phar- 
macists or pharmaceutical scientists, the image that apparently comes to mind for 
most of them is that of police officers-the “cops who watch over drugs.” 


Such an image is not at all inappropriate because the monitoring and surveillance 
of drug product quality is one of the most important responsibilities of the FDA. 
But FDA has often gotten undeservedly low marks as a science-based agency. 
Overall, the FDA staff has not enjoyed a strong reputation within the scientific 
community. 


This is unfortunate, because the agency has long benefitted from the presence 
of some truly outstanding individuals among its cadre of staff scientists, and in 
recent years the number and general quality of its scientific component have grown 
greatly. A similar conclusion may also be found in the various critical studies or 
commissioned reviews of the FDA operation that have been conducted over the past 
few years. 


However, as in the case with most federal regulatory agencies, the FDA is often 
constrained by laws, regulations, and judicial processes which necessitate that it 
go about its business in certain legalistic or regulatory-oriented manners. This is 
in contrast to the freedom enjoyed in the private sector by academic-based scientists 
or even by scientists employed by industry. Indeed, scientists within other gov- 
ernment agencies, such as the National Institutes of Health and the National Bureau 
of Standards, suffer none of the operating constraints that are commonplace for 
their FDA colleagues. 


But observers of the Washington scene have also felt that FDA could do more 
than it has in the past to institute procedures that would effectively draw upon and 
utilize science resources both within and outside of the agency. 


Recently, however, the agency announced an action that we would classify as a 
major step in this direction. Specifically, early this summer FDA announced that 
sometime this year it would be convening “a scientific Board of Inquiry to recom- 
mend to the Commissioner whether to approve the artificial sweetener aspar- 
tame.” 


To the calorie-conscious, the big news here was the prospect of an artificial 
sweetener to replace their lost cyclamate and the threatened loss of saccharin. As 
to those not calorie-conscious, probably little, if any, attention was paid to this 
announcement. 


To us, however, this represented a significant development. FDA’s own news 
release states it quite well in the following excerpt: “This will be the first Board 
of Inquiry ever convened by the Agency. The Board of Inquiry system was estab- 
lished as 4 means for helping the Commissioner resolve scientific issues; it is an 
alternative to 4 formal evidentiary hearing before a n  administrative taw judge. 
I t  is designed to provide a forum in which scientific issues can be considered by 
scientists without the legal formalities of a n  evidentiary hearing. The procedure 
is experimental and FDA will evaluate its success after the aspartame hearing 
has been completed.” 


The board will consist of three members selected from respective lists of nominees 
submitted by interested private parties, by the manufacturer of aspartame (G. D. 
Searle Company), and by FDA staff. 


The procedure for the board‘s operation was also spelled out in the FDA an- 
nouncement: “Zt is expected that the board will be selected and begin its deliber- 
ations by late summer or early fall. The board will hear oral presentations from 
anyone it believes can contribute valuable information. After evaluating the in- 
formation, the board will render an ‘initial decision.’ The participants will be given 
time to file ‘exceptions’ or objections to the Commissioner, after which time he 
will decide whether to approve or permanently withdraw approval for aspar- 
tame.” 


Chemically, aspartame is a simple dipeptide, L-a-aspartyl-L-phenylalanine 
methyl ester. Its manufacturer received news of the FDA action with apparent 
mixed emotions. Although “encouraged” and “pleased” that FDA is moving forward 
with its evaluation of aspartame, the firm felt that existing data were sufficient for 
the agency to take action to approve the agent without the need for further as- 
sessment. 


Despite this difference of opinion on the adequacy of the proof of safety of as- 
partame-or perhaps because of it-the effectiveness, usefulness, and credibility 
of the Board of Inquiry as a mechanism for considering scientific issues by this 
regulatory agency will be subjected to the acid test. We are hopefd and optimistic 
that this trial will prove to be successful in fulfilling its objectives. 


L r  












- AUCQ.-.~T 
CpnT = T 


The steady-state plasma level, however, will be reduced to only 50% of 
69.37 mghiter. This new method can also be applied when there is a lag (Eq. 6 )  
time in absorption, as shown in the example. 


For drugs obeying nonlinear pharmacokinetics, such as phenytoin, a 
new factor, the apparent volume of distribution, can also affect the times 
required to reach various fractions of the steady-state plasma level after 


Therefore, the mean fraction of the steady-state Plasma level, /, achieved 
during the nth dosing interval should be equal to: 


AUCO-nT 
(Eq. 7) multiple dosing (11). = AUCo,, 


DISCUSSION 


Equation 7 indicates that  if a time of nT is needed to obtain an f frac- 
tion of AffCo-.. after a single dose, it also would take that long to obtain 
the same mean fraction of cpsa during the nth interval after multiple 
dosing. Equation 7 also indicates that  the time to reach a certain mean 
fraction of cp,, is independent of the dosing interval. The terminal bio- 
logical half-life of a drug per se does not affect the time required to reach 
a certain f value. 


The major advantages of this new approach are simplicity, generality, 
and the elimination of many pharmacokinetic parameters commonly 
calculated after oral and intravenous administrations. The only infor- 
mation needed is the compartment- and model-independent plasma area 
data obtained after a single-dose study. 


A hypothetical example illustrates the application of this new method. 
The hypothetical plasma level data after administration of a single oral 
dose to a subject and the data analyses based on Eq. 7 are summarized 
in Table I. The plasma level profile is very difficult, if not impossible, to 
describe by an equation. When the same dose is given every 12 hr, the 
average plasma levels between 60 and 72 hr and between 108 and 120 hr 
will be 70.88 and 92.72% of the steady-state plasma level, respectively 
(Table I). The steady-state plasma level should be equal to 69.37 mgfliter 
(i.e., 832.4/12). On the other hand, the average plasma levels between 48 
and 72 hr and between 96 and 120 hr will still be 70.88 and 92.72% of the 
steady-state plasma level, respectively, if the dose is given every 24 hr. 


REFERENCES 


(1) G. A. Portmann, in “Current Concepts in the Pharmaceutical 
Sciences: Biopharmaceutics,” Lea & Febiger, Philadelphia, Pa., 1970, 
chap. 1. 


(2) M. Gibaldi and D. Perrier, “Pharmacokinetics,” Dekker, New 
York, N.Y., 1975. 


*(3) J. G. Wagner, “Fundamentals of Clinical Pharmacokinetics,” 
Drug Intelligence Publications, Hamilton Press, Hamilton, Ill., 1976. 


(4) R. E. Notari, “Biopharmaceutics and Pharmacokinetics, An In- 
troduction,” 2nd ed., Dekker, New York, N.Y., 1976. 


(5) W. A. Ritschel, “Handbook of Basic Pharmacokinetics,” Drug 
Intelligence Publications, Hamilton Press, Hamilton, Ill., 1977, pp. 
320-327. 


(6) “Handbook of Experimental Pharmacology, Volume 47: Kinetics 
of Drug Action,” J. M. van Rossum, Ed., Springer-Verlag, New York, 
N.Y., 1977. 


(7) S. H. Curry, “Drug Disposition and Pharmacokinetics with a 
Consideration of Pharmacological and Clinical Relationship,” 2nd ed., 
Blackwell Scientific Publications, Oxford, England, 1977, pp. 92, 148. 


(8) J. S. Orr and J. Shimmins, Lancet, 2,771 (1969). 
(9) W. L. Chiou, J. Pharm. Pharmacol., 24,342 (1972). 


(10) W. L. Chiou, J. Pharmacokinet. Biopharm., 6,539 (1978). 
(11) G. Lam and W. L. Chiou, ibid., 7, 227 (1979). 
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Ethylene Glycol Residues in Ophthalmic Solutions at  Proposed 
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Abstract  A GLC method was developed for the determination of 
ethylene oxide and its two reaction products, ethylene chlorohydrin and 
ethylene glycol, in ophthalmic solutions at the levels recently proposed 
by the Food and Drug Administration. The method requires no extrac- 
tions, sample preparations, or elaborate trapping and concentrating 
techniques. All three components can be chromatographed on the same 
spiral glass column packed with a porous polymer adsorbent. 


Keyphrases Ethylene oxide-analysis, GLC, ophthalmic solutions 
Ethylene chlorohydrin-analysis, GLC, ophthalmic solutions 


Ethylene glycol-analysis, GLC, ophthalmic solutions 0 GLC-analysis, 
ethylene oxide, ethylene chlorohydrin, ethylene glycol, ophthalmic so- 
lutions 


The Food and Drug Administration (FDA) recently 
published (1) proposed rules governing maximum residue 
limits for ethylene oxide (I) and its two reaction products, 
ethylene chlorohydrin (11) and ethylene glycol (111), in 
drugs and medical devices. These rules apply to ophthal- 
mic solutions, for which maximum residue levels of 10,20, 
and 60 ppm have been established for I, 11, and 111, re- 


spectively. These levels, proposed in conformance with 
current good manufacturing practices for finished phar- 
maceuticals, have been necessitated by the known toxicity 
and/or the mutagen potential of these compounds. Thus, 
while I is a highly effective sterilant, significant residues 
of it can be harmful. Its two reaction products, 11, produced 
from ethylene oxide and free chloride ion, and 111, an 
ethylene oxide hydrolysis product, also are harmful in 
significant amounts. 


Ophthalmic solutions that are not treated with 1 but that 
contact treated package cap liners must be assayed for 
residue content according to  the proposed specifications. 
This paper describes a successful attempt to satisfy this 
objective. 


BACKGROUND 


Extensive GLC work has been done on ethylene oxide (I) singly and 
in combination with its reaction products in various items including foods, 
I‘abrics, pharmaceuticals, medical and surgical devices, and plastics 
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Figure 3-Typical sample chromatogram in the analysis for I ,  showing 
none detected. 
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Figure 1-Chromatogram of I reference standard at the 10-ppm 
level. 


(2-15). None of these studies applied to ophthalmic solutions specifically. 
Nearly all involved some type of extraction, recovery, and concentration 
such as solvent extractions (2, 6, 8), headspace sampling (4, 8, 121, 
co-sweep extractions (5,6,9), vacuum extractions and distillations, steam 
distillations (3,7-11, 14), and chemical reactions (13). 


Many of these techniques required a complex arrangement involving: 
([I) a heating system; ( b )  a combination of delivery systems such as sol- 
vent, gas, and vacuum; (c) a trapping device such as a coil or flask im- 
mersed in liquid nitrogen; and ( d )  a sample concentrator to improve the 
relative amounts of aollected sample. A recent review article (16) dis- 
cussed these procedures in detail. Needless to say, direct sample intro- 
duction is a distinct advantage, and ophthalmic solutions can be treated 
in this manner as if they were completely aqueous solutions, as in the 
investigation of Hartman and Bowman (15). 


Additionally, a single chromatographic column was sought that could 


6ol 60 PPM m 


Figure 2-Chromatogram of II and I I I  reference standard at the 20- 
nnd 60-ppm leoels, respectively. 


withstand the enormous deposits of sample components due to numerous 
injections without significantly changing and that could be used to ana- 
lyze all three residues. Such a column was found and is suggested as a 
substitute for the two-column approach. 


EXPERIMENTAL 


Instrument-The gas chromatograph' was equipped with a flame- 
ionization detector and a coiled glass column, 180 cm X 2 mm id., which 
was fitted for on-column injections. The column was packed with a porous 
polymer2 (60-80 mesh). The column was conditioned a t  200' under a 
nitrogen flow of 30 ml/min for 24 hr. For the analysis, this flow rate was 
maintained. 


The column oven temperature was held isothermally at 100' for eth- 
ylene chlorohydrin (11) and ethylene glycol (111) determinations and at 
50' for ethylene oxide (I) determinations. Injector temperatures were 
150' for I1 and 111 and 100' for I. The detector was set a t  200' and had 
gas flow rates of 30 ml/min for hydrogen and 300 ml/min for air. The in- 
strument sensitivity range was lo-", and attenuation was 4X for I1 and 
111 and 2X for I determinations. 


Reagents-Campounds 1-111, obtained from the same source3, were 
used as received. 


Standard Preparations-The I standard was prepared by pipetting 
I ml of cold I liquid (0-5') into a 100-ml volumetric flask and diluting 
to volume with distilled water. This solution was diluted 100-fold to  give 
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Figure 4-Typical sample chromatogram in the analyses of I1 and 111, 
showing some I l l .  


I Model 3700, Varian Instruments, Palo Alto, CA 94303. 
Tenax-CC, Applied Science Laboratories. State College, PA 16801 
Eastman Organic Chemicals, Rochester, NY 14650. 
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Table I-Residue Levels in Ophthalmic Solutions Table 11-Recovery Data for Compound Additions to Control 
Ophthalmic Solution at Their Concentration Limits 


B 61 
C 59 


H 16 
I 15 
J 14 
K 11 
L 10 
M 8 
N 7 
0 6 
P 4 


Cork and vinyl disk 
Cork and vinyl disk 
Cork and vinyl disk 
Cork and vinyl disk 
Cork and vinyl disk 
Cork and vinyl disk 
Cork and vinyl disk 
Cork and vinyl disk 
Cork and vinyl disk 
Cork and vinyl disk 
Polyethylene cone 
Cork and vinyl disk 
Cork and vinyl disk 
Polyethylene cone 
Polyethylene cone 


0 0 
0 0 
0 2 
0 2 
0 4 
0 2 
0 2 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 


2 6  
25 
0 
0 


23 
10 


a 100-ppm standard, which was finally diluted 10-fold to give the 10-ppm 
standard. 


The combined I1 (20 ppm) and 111 (60 ppm) standard was prepared 
by transferring 20 pl of 11 and 60 p1 of I11 to a 100-ml volumetric flask, 
diluting to volume with distilled water, and finally diluting 10-fold. 


Sample Preparations-Ophthalmic solution in 15-ml bottles was 
hand shaken vigorously and allowed to stand in an inverted position for 
10 days4. Prior to sampling, the bottle was reshaken. Ten-microliter al- 
iquots were injected directly into the chromatograph. 


Calculations-Quantitation was achieved by peak height measure- 
ments. Sample chromatograms were compared directly to the two stan- 
dard chromatograms, showing peaks corresponding to 10,20, and 60 ppm 
for I, 11, and 111, respectively5. 


RESULTS AND DISCUSSION 


Chromatograms of the reference standards are shown in Figs. 1 and 
2. Sample chromatograms are presented in Figs. 3 and 4. Elution of 11 was 
at 14 min, 111 eluted at 17 min, and I eluted at  7.5 min at its column 
temperature setting. Chromatographing all three components within the 
same chromatogram was impractical due to the large volatility differences 
hetween I and its two reaction products. Temperature programming 
resulted in extensive baseline climbing and increased ghosting distor- 
tions. 


The ghosting phenomenon was the most troublesome problem en- 
countered. Each successive injection of sample resulted in a continual 
buildup of peaks in both the I11 and I elution regions, although I1 re- 
mained unaffected. The first sample injection of the day barely showed 
these interferences, but they grew in intensity from injection to injection. 
The interferences became too great for meaningful interpretation of the 
later sample runs. By the following morning, the column (and septum) 
had corrected itself and sample runs could be made until the problem 
reoccurred. 


Increasing oven temperatures for a considerable length of time to sweep 
away the interferences did not succeed. Fortunately, the problem was 
solved absolutely and completely merely by reducing injection port 
temperatures from an initial setting of 200 to 100’ for I and to 150° for 
I1 and 111. Although later eluters appeared (an additional 10-min wait 
is, therefore, recommended after the I region before injection of the next 
sample), interferences were eliminated. Other early eluting peaks (Fig. 
2, excluding the desorption peak at 9 min) can be attributed to the water 
anomaly; although the hydrogen flame theoretically is insensitive to 
water, the disturbances caused by water do produce peaks (15). These 
extraneous peaks caused no problem in the assay. 


In addition to the sample preparation described, another procedure 
was carried out. The cap liner, whether of vinyl with cork backing or of 
polyethylene, was removed, cut up, and immersed in the ophthalmic 
solution. The capped bottles were allowed to stand for up to 1 week, 


I 
I1 
111 


8.9 
23.9 
66.8 


8.5 
23.6 
76.4 


96.0 
98.7 


114.4 


whereupon they were again sampled for residue content. No differences 
were observed between the chromatograms of these runs and those ob- 
tained without liner immersion (Table I). 


None of the samples showed I, an indication that it readily converts 
to its two products. The I reference standard at the 10-ppm level did not 
change appreciably over a month. The most likely conversion was to 111, 
as shown by the test data. The presence of I1 is mostly speculative. Some 
samples gave faint indications of it (miniscule blips in the I1 elution re- 
gion), but none showed anything approachihg the peak in the 20-ppm 
standard. 


Linearity studies showed the response of the three components to be 
proportional to concentration within the range of 0.1-10 times the levels 
established as concentration limits (10,20, and 60 ppm). Each compound 
a)uld be detected at one-tenth of those levels (1,2, and 6 ppm) at the same 
sensitivity settings used for the limits. 


Recovery studies showed that when the three components were added 
at  the lo-, 20-, and 60-ppm levels to a control sample of ophthalmic so- 
lution, they produced chromatograms with peak responses corresponding 
to those levels (Table 11). 


A most satisfying feature of this method has been the extraordinary 
longevity of the column. With between 75 and 100 sample injections al- 
ready made, the column continues to function well and shows changes 
neither in retention time nor in sensitivitp. Since <2 g of packing is used 
per column and since no liquid phase must be coated on, the separation 
system described here is attractive. When one adds to that system the 
one-column operation and the fact that sample preparation is not nec- 
essary, it appears that this method should meet the new FDA require- 
ments. 
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Abstract  0 In phenobarbital measurement by GLC with the flash- 
methylation technique, using trimethylanilinium hydroxide as a meth- 
ylating reagent, a small amount of water decomposed phenobarbital and 
interfered with the quantitative analysis. Thus, both the sample and the 
methylating reagent must be sufficiently dehydrated to attain quanti- 
tative analyses. The hydrolysis decomposition product of phenobarbital 
was N-methyl-2-phenylbutyramide, as shown by its mass spectrum. The 
sum of methylated Phenobarbital and N-methyl-2-phenylbutyramide 
(if observed in the spectrum) can be used for an accurate phenobarbital 
assay in the present flash-methylation technique. 


Keyphrases o Phenobarbital-analysis, flash-methylation GLC, de- 
gradates 0 GLC, flash methylation-analysis, phenobarbital in biological 
fluids, degradates 0 Mass spectrometry-analysis, phenobarbital in 
biological fluids, degradates 


GLC determination of anticonvulsant drugs in biological 
fluids has been widely adopted in clinical laboratories. 
Phenytoin and phenobarbital have usually been assayed 
with the flash-methylation technique, using trimethyl- 
anilinium hydroxide as a methylating reagent. Some au- 
thors (1,2) described the common errors in the assay of 
phenobarbital due to its decomposition by hydrolysis, and 
the GLC peak derived from the decomposition product has 
been called “early phenobarbital” (3); its structure has 
been speculated to be N-methyl-2-phenylbutyramide (111) 
(4,5). 


In the present work, the authors identified the decom- 
position product as I11 by mass spectrometry and found 
that its formation was due to the basic phenobarbital hy- 
drolysis caused in pretreating the sample with basic 
methylation reagent and the subsequent methylation of 
the resulting 2-phenylbutyramide (I) in the GLC unit. 
Several problems in the assay of the anticonvulsant drugs 
by flash methylation are discussed here also. 


EXPERIMENTAL 


Methylation-Various concentrations of trimethylanilinium hy- 
droxide in methanol were prepared as described previously (6) and stored 
a t  do. A 10-pg sample of phenobarbital was dissolved in 30 pl of tri- 
methylanilinium hydroxide-methanol solution (the reagent must be used 
within 2 weeks of preparation), and the mixture was kept standing for 
5 min. Each 3 - 4  sample obtained was then subjected to GLC. 


GLC-The gas-liquid chromatograph’ was equipped with a dual 
!lame-ionization detector and columns for linear temperature pro- 


gramming. The glass columns, 200 cm long X 4.0 mm i.d., were packed 
with an equal amount of either 1.5% QF-1 on 60-80-mesh Chromosorb 
W or 3% OV-17 on 80-100-mesh Shimalite2. The analysis was performed 
under the following conditions for 1.5% QF-1: injection temperature, 245O; 
detector temperature, 245‘; and column temperature, initial 150° and 
programmed to 215’ at 6’/min. For 3% OV-17, the injection temperature 
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Figure 1-Gas chromatograms of phenobarbital treated with various 
trimethylanilinium hydroxide concentrations. Phenobarbital was an- 
alyzed with 1.570 QF-1 in 0.20 (@), 0.10 (@), 0.05 (@), and 0.02s (@) 
M trimethylanilinium hydroxide solution. A l O - p g  sample of pheno- 
barbital was dissolved in 30 pl of trimethylanilinium hydroxide solution; 
after 5 min, a 3-pl sample was injected into the chromatograph. 


1 Shirnadzu GC-QCMPF, Shimadzu Ltd., Japan. 
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Wako Chemical Indhstries Ltd.. Japan. 
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Schcmp 1-Mechanistic consideration through which N-methyl-2-phenylbutyramide (111) should be derived from phenobarbital by basic hydrolysis 
and methylation. The hydrolyzed product should be considered as 2-ph~nylbutyramide  [path a ( I ) ]  or 2-ethyl-2-phenylmalondiamide [path 


b ( I U I .  


was 300°, the detector temperature was 300'. and the column tempera- 
ture was 150-275', programmed to rise a t  l0"/min. The gas flows were: 
hydrogen, 50 ml/min; air, 800 ml/min; and nitrogen (as a carrier), 50 
ml/min. 


Mass Spectrometry-For detailed analysis of each methylation 
product, a GLC mass spectrometer3 was used with the flash heater 
temperature at 245'. The glass column, 200 cm X 4.0 mm, was packed 
with 1.5% QF-1. The column temperature was 130-190°, programmed 
to rise a t  5'/min. Helium flow was 27 ml/min. For the mass fragmento- 
metry, a total ion detector was used. The ionization voltage was 70 ev. 


RESULTS 


Figure 1 shows the chromatograms analyzed with 1.5% QF-1 resulting 
from phenobarbital methylation using various concentrations of tri- 
methylanilinium hydroxide. At low trimethylanilinium concentrations, 
only the B peak was observed; a t  higher concentrations, the A peak ap- 
peared and the B peak decreased. In the analysis using the two columns 
(1.5% QF-1 and 3% OV-171, two peaks were generally observed. The A 
peak was the one previously called "early phenobarbital." The sum of 
the A and B amplitudes was almost constant (Fig. 1) in each analysis. 


The influence of water on the methylation was investigated. In Fig. 
2, Chart 1 corresponds to the chromatogram of phenobarbital treated 
with 30 pl of 0.10 M trimethylanilinium hydroxide dehydrated with 
anhydrous sodium sulfate; Chart 2 shows the chromatogram resulting 
from the methylation of phenobarbital treated with 30 pl of trimethyl- 
anilinium hydroxide containing 3 pl of water. The N a n d  B peaks showed 
the same retention times as A and B (Fig. 1) under identical GLC and, 
therefore, were identified with A and B. Only the B' peak is observed in 
Chart 1, while two peaks, A' and B ,  appeared in Chart 2. This result 
suggests clearly that phenobarbital was decomposed through the hy- 


Shimadru CCMS-7000. Shimadzu Ltd., Japan. 


drolysis in the latter case (Chart 2). However, as already described, the 
sum of the amplitudes of the A' and B peaks is almost the same in Charts 
1 and 2. 


Both A and €3 peaks were characterized by CLC-mass spectrometry. 
Each molecular weight of the compounds corresponding to the A and B 
peaks indicated m / e  177 and 260. The B peak was identified as methyl- 
ated phenobarbital by comparison with the mass spectrum of the au- 
thentic sample The structure of the A peak was determined as N- 
methyl-2-phenylbutyramide by reasonable fragmentation of its spectrum, 
and this conclusion was supported by the mechanism of its formation 
from phenoharbital under the basic condition (uide infra ). 


DISCUSSION 


The simultaneous measurement of many anticonvulsant drugs by CLC 
has been adopted in many clinical laboratories. Drugs such as phenytoin 
and phenobarbital usually have been measured with the flash methyl- 
ation technique. However, in the measurement of phenobarbital with 
this technique, some authors (1,2,7) have suggested that phenobarbital 
has not quantitatively changed into its methylated derivatives and have 
demonstrated that the longer the time spent in the pretreatment stage 
(before injection), the more phenobarbital decomposed (2). In accordance 
with this conclusion, it was demonstrated (Fig. 2) that  a small amount 
of water contaminant decomposed phenobarbital. Hence, the decom- 
position (Fig. 1) might reasonably be caused by moisture contaminating 
the trimethylanilinium hydroxide solution. 


The more trimethylanilinium hydroxide used, the more phenobarbital 
was decomposed. Hence, it is very important that  the sample and tri- 
methylanilinium hydroxide solution should be sufficiently dehydrated 
for quantitative phenobarbital analysis. However, moisture, which in- 
evitably contaminates during operation, sufficiently decomposes phe- 
noharhital a t  high trimethylanilinium hydroxide concentrations. 
Therefore, it is desirable that phenobarbital might he treated with a low 
trimethylanilinium hydroxide concentration (e.g., 0.025 M). However, 
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Figure 2-Gas chromatograms of phenobarbital treated with dehy- 
drated (Chart 1)  and watered (Chart 2) trimethylanilinium hydroxide 
solution, analyzed with 3% OV-17. A 10-pg sample of phenobarbital 
was treated with 30 pl of 0.10 M trimethylanilinium hydroxide solution 
dehydrated by anhydrous sodium sulfate (Chart I )  and by 0.10 M tri- 
methylanilinium hydroxide containing 3 p l  of water (Chart 2). 


phenytoin sometimes was insufficiently methylated in 0.025 M because 
of contamination from biological fluids. 


In the simultaneous measurement of phenytoin and phenobarbital, 
a higher concentration (0.10-0.20 M )  of trimethylanilinium hydroxide 


is required for sufficient methylation. In this case, phenobarbital is fre- 
quently decomposed even if these precautions are taken. Therefore, for 
the quantitative analysis, operators must first check whether the A peak 
is present in the spectrum. When the A peak is observed, the sum of the 
A‘ and H’ peaks should be considered as being formed from phenobar- 
tital. Even if phenobarbital is decomposed, a peak height ratio of the sum 
of these two peaks to cholestane (as an internal standard) gives the ac- 
curate assay of phenobarbital. 


The A peak was analyzed by GLC-mass spectrometry and showed its 
molecular ion at mle 177, together with fragment ions at 149 (M+ - 
C2H4), 120 (CeH&H&HO), 91 (CsHs - CH:), and 58 (CONHCH;). 
Careful mass spectrogram analysis and mechanistic considerations of 
its fragmentation pattern suggested this product to be N-methyl-2- 
phenylbutyramide (4,5). Scheme I shows the reasonable mechanism of 
its formation from phenobarbital. Thus, phenobarbital should be first 
decomposed to 2-phenylbutyramide (I) through basic hydrolysis, and 
then this hydrolyzed product should be changed into N-methyl-2- 
phenylbutyramide (111) on column methylation (Scheme I, path a). Such 
analysis does not exclude the possibility that the A peak is N-forrnyl- 
N-methylphenylacetamide. However, from the mechanistic viewpoint, 
this species can be ruled out because its formation is not expected from 
phenobarbital by basic hydrolysis. 


An alternative path of 111 formation also is possible (Scheme I, path 
b ) .  Some authors (2,8) proposed that a possible phenobarbital degra- 
dation product in alkaline solution was 2-ethyl-2-phenylmalondiamide 
(11). However, since the molecular ion of the A peak (mle 177) fit neither 
that of the malondiamide (mle 206) nor that of i ts  methylated derivatives, 
the latter product could not be the same as the A peak. However, I1 
could give I11 (A peak) by flash methylation. The study of these two paths 
( a  and b )  is now in progress. 
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Abstract The State-Trait Anxiety Inventory was administered to 15 
suhjects before initiation of the experiment. Three subgroups of five 
subjects were defined by computing the unweighted sum of the state and 
trait anxiety scores. A 40-mg dose of clobazam, a 1,5-benzodiazepine, was 
administered to each subject and repeated with two additional dosage 
forms following a 2-week washout period. Blood samples were withdrawn, 
and blood levels were determined by fluorometric analysis. Additionally, 
pupillary measures of critical flicker fusion, constriction, and dilation 
in response to a cognitive task were obtained a t  0, 2,4, and 6 hr. A re- 
peated measures analysis of variance revealed that blood levels were, as 
exrected, statistically different over time and dosage form. The pupillary 
constriction mirrored the blood levels in statistical patterns. The pupil- 
lary measure of cognition related to the anxiety state after the perfor- 
mance effects of the cognitive task were statistically removed. The results 
suggest that clobazam has less immediate human effect than does di- 
azepam. 


Keyphrases 0 Clobazam-analysis, fluorometry, blood levels, effect 
on pupillary constriction, and anxiety level 0 Pupillary constriction- 
clobazam effect, blood level, and anxiety level Tranquilizers, 
minor-clobazam, fluorometric analysis, blood levels, effect on pupillary 
constriction, and anxiety level 


Clobazam, a 1,5-benzodiazepine, is effective in the 
treatment of anxiety neurosis (1,2). The immediate and 
long-term effects of the benzodiazepines on human per- 
formance ability likewise have been demonstrated. Gen- 
erally, the benzodiazepines decrease human ability to 
perform complex tasks (3-5). Additionally, the benzodi- 
azepine drug class affects physiological measures such as 
auditory reaction times and complex visual reaction times 
(6-8). 


Pupillometrics is defined as the aspect of psychology 
that deals with the assessment of pupillary alterations 
elicited by any stimulus other than light (9). Pupil dilation 
in response to complex cognitive tasks can be observed 
with proper instrumentation and experimental controls 
(10). A sensitive means of generating pupillary cognition 
curves by verbally presenting randomized digits to subjects 
was described (11, 12). Furthermore, diazepam con- 
sumption was shown to alter the pupil cognition curves and 
recall ability (12). 


The objective of this research was to determine if clo- 
bazam consumption related to pupillometry involving 
human cognition and two noncognitive pupillary measures. 
Critical flicker fusion and miotic effect of the drug were 
selected as noncognitive measures. 


EXPERIMENTAL 


Fifteen male volunteers were recruited and subjected to the State- 
Trait Anxiety Inventory (13). A high anxiety subgroup, consisting of five 
members, was defined operationally by a combined state-trait anxiety 
score of >72.0. A five-membered, low anxiety group was defined by a 
combined score of <64.0. The remaining five subjects were assigned to 
the middle anxiety group. 


A randomized Latin-square design was employed to assign the subjects 
to a three-level dosage form treatment group. .Each subject received 
separate 40-mg doses by tablet, solution, and capsule dosage forms in 
randomized and matched sequences. Blood samples were obtained for 
up to 144 hr following ingestion (14). The blood levels were determined 
by a fluorometric assay, which did not distinguish between the drug and 
its active major metabolite, the N-desmethyl compound (15). 
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Table I-Analysis of Variance of Blood Clobazam Levels 
(Nanograms per Milliliter) 


Degrees of 
Source Freedom F P 


Table 11-Analysis of Variance of Pupillary Diameter 
(Millimeters) 


Degrees of 
Source Freedom F P 


Anxiety 2 N.S.” 
Dosage form 2 5.0818 0.014 
Dosage form-anxiety 4 2.8937 0.044 
Time 3 461.51 14 0.001 
Time-anxiety 6 N.S. 
Dosage form-time 6 2.6644 0.022 
Dosage form-time-anxiety 12 N.S. 


a Not significant. 


Pupillary measures were obtained for all subjects and all doses im- 
mediately preceding ingestion of the 40-mg dose. Additional pupillary 
observations were obtained immediately preceding the 2-, 4-, and 6-hr 
blood samplings. 


The total pupillary recordings required approximately 7 min for each 
subject-dosage form-time set. The subjects entered an experiment room 
illuminated a t  5 foot-candles, and critical flicker fusion measures were 
obtained. Ascending and descending measures were recorded individually 
for each eye. The flicker fusion apparatus was calibrated to balanced 
maximum brightness, a neutral density wedge setting of 3, and 15% 
light’. 


The cognitive task methodology outlined previously (11,12) was em- 
ployed after determination of the critical flicker fusion rates. Thus, the 
subject’s pupils were accommodated to the experimental room illumi- 
nation level before the cognition recordings commenced. The subjects 
were required to remember the exact order of seven randomized digits 
between zero and nine. The digits were presented in monotone fashion 
a t  1 -sec intervals. The pupillary dilation pattern was simultaneously 
recorded2 and continued for several seconds following the presentation 
of the seventh digit, which permitted the subjects to resort the numbers 
and finalize their thought processes. Each trial covered 14 sec, and two 
trials were executed a t  each subject-dosage form-time interval and av- 
eraged to reduce variability. Finally, a measure of satisfactory completion 
of the cognitive task was obtained by recording the number of digits 
correctly recalled a t  each trial. 


All pupillary and blood level data were reduced to machine-readable 
form. T o  isolate the pupillary cognition curve from the Constriction effect 
of the drug, the initially recorded diameter a t  the 1st sec of the cognitive 
task was subtracted from that at each remaining second of the cognitive 
curve. In this manner, a constriction factor was created. A program was 
written that computed the areas under the “cleansed” cognition curves, 
employing the trapezoidal rule (16). 


Thus, the final data base contained 15 subjects categorized into one 
of three anxiety levels. Each subject’s file contained fluorometric blood 
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Figure 1-Average pupil cognition curves for 15 male subjects following 
consumption of 4 X 10-mg clobazam tablets. 


Control model 12025 and (viewing chamber) model 12024, Lafayette Instrument 
Co., West Lafayette. Ind. 


2 Polymetric model V11651R, U. S. Testing Co., Hoboken, N.J. 


a Not significant. 


level recordings, pupillary constriction measures, pupillary cognitive area 
under the curve measures, a recording of the correct number of responses, 
and critical flicker fusion measures. All measures were repeated a t  0,2,  
4, and 6 hr and further repeated rising three dosage forms of tablet, so- 
lution, and capsule. The data were analyzed by means of nn analysis of 
variance and covariance (17). The anxiety level was input as the grouping 
factor. 


RESULTS 


The ability of the random digit task to stimulate pupil dilation was 
substantiated. Figures 1-3 display the average pupil dilation pattern for 
the three dosage forms and four time levels. It was immediately apparent 
that  the pupil-constricting effect of clobazam was substantial. 


The blood levels were highly significant for the time and dosage form 
factors, as expected (Table I). The anxiety level did not relate to the blood 
level, but the dosage form-anxiety interaction proved significant. In a 
similar pattern, the pupil-constricting effect of the drug proved highly 
significant for the time and dosage form factors. Table I1  displays the 
analysis of variance of the constriction measures, and Table 111 compares 
the mean blood levels and pupillary constriction at  each time level, 
summing over the three dosage forms. The pupil was constricted to the 
greatest degree a t  the 2-hr point, a t  which time the greatest average blood 
level was recorded. The pupil diameter returned to the baseline a t  the 
6-hr point, hut the blood level of the parent compound and the metaho- 
lites exceeded 350 ng/ml. The factors ot’critical flicker fusion and numher 
ot’correct responses proved insignificant for the time factor, which was 
not anticipated. 


An initial analysis of variance of the cognition curves over time and 
dosage forms proved significant for the anxiety and dosage form factors. 
However, the variance terms were not homogeneous, and previous re- 
search indicated that the ability of subjects to recall randomized digits 
correctly affects the cognition curves (11,12). Therefore, the number of 
digits correctly recalled was input in the analysis as covariates, and the 
analysis of variance was repeated. In such a manner, the effect of recalling 
all, or less than all, of the randomized digits was removed from the pup- 
illary cognition curves. 


The results of the combined analysis of variance and covariance are 
presented in Table IV. Only the anxiety factor remained statistically 
significant in terms of the area under the cognition curve. The covariates 
removed the statistical significance from the dosage form factor. The 
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Figure 2-Average pupil cognition curves for 15 male subjects following 
consumption of 4 x 10-mg clobazam capsules. 
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Table 111-Comparison between Blood Levels and  Pupil  
Diameter at Four Time Levels fo r  All Dosage and  Anxiety Levels 


Pupil 
Diameter, Blood Level, 


Hours mm ndml  


0 5.3567 3.2444 
2 4.8289 436.4221 
4 5.071 1 363.91 10 
6 5.3622 352.3110 


mean areas under the cognition curves, corrected for accuracy of recall, 
were 6.9631,4.1535, and 7.1379 mm-sec for the low, medium, and high 
anxiety groups (n = 51, respectively. 


CONCLUSIONS 


The major conclusion of this study was that the drug and its metabolite 
reduced the diameter of the pupil when blood levels peaked. However, 
pupil diameters did not remain constricted a t  the 6-hr point when blood 
levels exceeded 350 ng/ml. These results are similar to reports that many 
psychomotor functions such as coordination tests, tracing tests, sorting 
tests, and letter cancellation tests returned to baseline values 5 hr after 
subjects consumed 20 mg of diazepam (18). However, the average blood 
diazepam level exceeded 300 ng/ml a t  the 5-hr point. Furthermore, a t  
105 min, blood diazepam levels exceeded 800 ng/ml and most psycho- 
motor functions were impaired (18). Thus, the benzodiazepines clobazam 
and diazepam appear to produce a detectable human response at higher 
blood levels. 


Anxiety state proved to be significantly related to the area under the 
cognition curve after correction was made for recall ability. The low and 
high anxiety subgroups generated greater areas under the curve than did 
the middle anxiety group a t  all times and with all dosage forms. Appar- 
ently, anxiety is partly related to the nonresponsive phenomenon, and 
the nonsensitive subjects were assigned to one of the three groups. The 
anxiety results manifest the high degree of intersubject pupillary varia- 
tion in response to the cognitive task. 


Some evidence suggests considerable variance among the benzodi- 
azepines in their ability to alter human performance. In fact, clobazam 
demonstrated little effect on adaptive tracking and reaction times when 
compared to diazepam and chlordiazepoxide (3). However, the results 
of’ this experiment demonstrated a measurable alteration in human 
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Figure 3-Average pupil cognition curves for 15 male subjects following 
consumption of 40 mg of clobazam in solution. 


Table IV-Analysis of Variance and Covariance of Area under  
Cognition Curve  (Millimeters per Second) 


Degrees 
of 


Source Freedom F P 
Anxiety 2 4.9656 0.040 


Recall covariate time 0 hr 1 8.2676 0.021 
Recall covariate time 2 hr 1 N.S.’ 
Recall covariate time 4 hr 1 5.5813 0.046 
Recall covariate time 6 hr 1 N.S. 


Dosage form 2 N.S. 
Dosage form-anxiety 4 N.S. 


Recall covariate time 0 hr 1 4.0503 0.058 
Recall covariate time 2 hr 1 N.S. 
Recall covariate time 4 hr 1 N.S. 
Recall covariate time 6 hr 1 N.S. 


Time 3 N.S. 
Time-anxiety 6 N.S. 
Dosage form-time 6 N.S. 
Dosage form-time-anxiety 12 N.S. 


Not significant. 


pupillary response a t  higher blood levels of clobazam and its metabo- 
lites. 
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Abstract A rapid and sensitive high-pressure liquid chromatographic 
(HPLC) assay is described for the quantification of papaverine in plasma. 
A paired-ion, reversed-phase system was employed with detection at 254 
nm. This procedure yielded reproducible results with a sensitivity of 2 
ng/ml. Total extraction and quantification time was <I hr. The suitability 
of this procedure for plasma sample analysis from a bioavailability study 
was demonstrated. 


Keyphrases Papaverine-analysis, high-pressure liquid chroma- 
tography, human plasma, bioavailability Relaxants (smooth mus- 
c1e)-papaverine, high-pressure liquid chromatographic analysis, human 
plasma, bioavailability 0 High-pressure liquid chromatography- 
analysis, papaverine in human plasma, bioavailability 


Papaverine, a smooth muscle relaxant, is used primarily 
as a peripheral vasodilator. In vitro studies implicated 
cyclic AMP as a mediator of the papaverine pharmaco- 
logical effect (1). Its therapeutic effectiveness is limited 
by its rapid metabolism. The resultant necessity for fre- 
quent dosages has generated interest in the development 
of a dosage formulation to sustain therapeutic blood levels 
over longer dosage intervals (2-5). 


Relatively few methods are available for the measure- 
ment of blood papaverine levels following oral adminis- 
tration. GLC methods require lengthy cleanup procedures 
and large sample volumes, which are cumbersome for the 
numerous samples generated by a bioequivalency study. 
In addition, the detection limits of these methods (gener- 
ally in the 10-ng/ml range) are such that half-life deter- 
mination of some formulations has been quite difficult (3, 
6 ,7) .  A recent GLC-mass spectroscopy procedure offers 
improved sensitivity (5 ng/ml) but requires lengthy ex- 
traction and expensive instrumentation (8). 


Recently, the use of paired-ion, reversed-phase high- 
pressure liquid chromatography (HPLC) for quantitative 
drug analysis was demonstrated (9-11). This paper reports 
a simple, rapid, and highly sensitive HPLC method for 
papaverine determination in plasma. 


EXPERIMENTAL 


Chemicals and Reagents-I-Heptanesulfonic acid sodium' and 
papaverine hydrochloride2 were used as received; all other chemicals and 
reagents were USP, NF, or ACS grade. Methanol and ether were distilled 
in glass prior to use. 


HPLC System-A high-pressure liquid chromatograph3 equipped 
with a valve injector*, a guard column5, a microparticulate reversed-phase 
HPLC column6, a fixed-wavelength UV detector7, and a potentiometric 
recorders was used for separation and quantification. The system was 
operated at ambient temperature with a flow rate of 2.0 ml/min, and the 


1 Eastman Kodak, Rochester, N.Y. 
2 Marion Laboratories, Kansas City, Kans. 
3 Series 3. Perkin-Elmer, Norwalk, Conn. 
4 Model 7105, Rheodyne, Berkeley, Calif. 


C0:PELL ODs, Whatman, Clifton, N.J. 
6 Partisil 10-ODs, ISCO, Lincoln, Neb. 
7 Model 220, Chromatronix Inc., Berkeley, Calif. 
8 Omniscribe, Houston Instrument, Austin, Tex. 


Table I-Standard Curve for PaDaverine in Plasma a 


Plasma Papaverine Peak Height Ratio, 
Concentration (as Papaverine to 
Free Base), ng/ml Internal Standard Response Factor 


5 
10 
25 
50 


0.054 
0.119 
0.304 
0.591 


10.8 
11.9 
12.2 
11.8 


Linear re ression equation: y = 84.0813~ + 0.0402, r = 0.9998. * Peak height 
ratio dividedty papaverine concentration in micrograms per milliliter. 


Table 11-Mean Coefficient of Variation Calculated from 
Duplicate Analyses of Samples 


Number of Concentration Mean 
Samples, n (Range of Means), ng/ml cv, % 


12 
17 
20 
26 
20 
12 


0-25 
25-100 


100-200 
200-500 
500-1000 


1000-3000 


4.5 
3.5 
3.0 
3.7 
1.5 
3.0 


detector was set a t  254 nm. 
The mobile phase consisted of 55% (v/v) methanol, 1% (v/v) acetic acid, 


and 0.005 M 1-heptanesulfonic acid sodium. Prior to use, the mobile 
phase was degassed by vacuum filtration through a 5-pm filterg. 


Procedure-An aliquot of plasma, 1.0 ml, in a 15-ml glass-stoppered 
centrifuge tube was spiked with 2 pg of chlorpheniramine maleate as the 
internal standard (100 pl of an aqueous solution) and vortexed. A 0.2-ml 
aliquot of 7 N NaOH and 10.0 ml of ether were added. The sample was 
shaken mechanically for 15 min and centrifuged to separate the 
phases. 


The ether phase was transferred with a Pasteur pipet to another cen- 
trifuge tube and extracted with 0.2 ml of 0.3 N HCl by shaking and cen- 
trifuging as described previously. The ether phase was aspirated, and 100 
pl of the aqueous phase was injected. 


The ratio of the peak height of papaverine to that of the internal 
standard was used to calculate the papaverine concentration, based on 
a calibration curve prepared from spiked plasma samples. 


Plasma Level Study-To demonstrate the applicability of this pro- 
cedure to the determination of plasma papaverine levels from a bio- 
availability study, 150 mg of papaverine hydrochloride*0 was adminis- 
tered orally with 100 ml of water to two healthy male volunteers who had 
fasted overnight. Blood samples, 10 ml, were withdrawn from the cubital 
vein with heparinized evacuated tubes and centrifuged, and the plasma 
was transferred to screw-capped culture tubes before storage at  -25O. 


RESULTS AND DISCUSSION 


A UV scan of a solution of 1 pg of papaverine/ml in the mobile phase 
was performed to determine the optimum wavelength for detection. The 
absorption maximum was a broad band at -250 nm, demonstrating the 
suitability of using a 254-nm fixed-wavelength UV detector. 


The u0e of 10 ml of ether in the initial extraction, followed by back- 
extraction into dilute acid, yielded excellent recovery (45-100%), which 
was independent of the concentration with essentially no interference 


9 FHUP 47 mm, Milli ore Cor ., Bedford, Mass. 
10 PAVABID Plateau 8APS, &on Laboratories, Kansas City. Kans. 
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Figure 1-Chromatogram of a human plasma blank (A), spiked plasma 
containing 5 ng of papaverine free baselml and 2 pg of the internal 
standardlml (B) ,  and plasma from a dosed volunteer (1 hr) containing 
6.0 ng of papaverine free baselml and 2 pg of the internal standardlml 
(C) .  Key: I, papaverine (free base); and II, internal standard. 


from the plasma. Good reproducibility is indicated by coefficients of 
variation (n = 12) of 4.0,1.7, and 2.0% at  25,75, and 500 ng of papaver- 
inelml, respectively. 


Minor modifications in the extraction procedure (use of 4 pg of internal 
standardlml and back-extraction into 1.5 ml of acid) were implemented 
in this laboratory for papaverine analysis in plasma obtained from mul- 
tiple-dose bioavailability studies. These modifications facilitated the use 
of an autosampler*l, resulting in increased efficiency and reduced tech- 
nician time. 


Standard curves based on the ratio of the peak height of papaverine 
to that of the internal standard were linear over a wide range (2.0 ng/ 
mi-1.0 pg/ml) and had intercepts near the origin. The data used to es- 
tablish a typical standard curve for the plasma level study are summa- 
rized in Table I. The correlation coefficient of 0.9998 and the consistency 
of the response factors indicate the good linearity. 


Daily standard curves showed a similar degree of linearity, reproduc- 
ibility, and sensitivity. The average slope for seven standard curves using 
2 pg of internal standardlml was 0.01285 f 0.00059 (mean i SD), with 
an average correlation coefficient of 0.9997 f 0.0003 (mean f SD) and 
a detection limit (i.e., three times baseline noise) of 2 nglml. Over 5 
months with three different columns and various internal standard 


I’ LC-420, Perkin-Elmer, Norwalk, Conn. 


HOURS 
Figure 2-Human plasma concentration of papaverine free base after 
administration of a single oral 150-mg dose of papaverine hydrochloride. 
Key: +, Subject 1; and 0, Subject 2. 


concentrations, the average correlation coefficient was 0.9997 i 0.0003 
(mean i SD, n = 24), demonstrating the linearity of this method over 
an extended period. In Table 11, the mean coefficient of variation, as 
calculated from replicate samples from subjects in four bioavailability 
studies, indicates the reproducibility that may be expected from actual 
samples rather than from spiked plasma. 


Typical chromatograms of blank human plasma, plasma spiked with 
papaverine and the internal standard, and plasma collected 60 min after 
administration of a 150-mg oral papaverine dose and spiked with internal 
standard are shown in Fig. 1. Papaverine and the internal standard were 
well resolved and eluted with retention times of 5.0 and 7.2 min, respec- 
tively. 


The plasma papaverine time courses for the two subjects in the bio- 
availability study are shown in Fig. 2. The significant subject variability 
noted by others (3,8) also was found in this study, as shown by the dif- 
ferences in the concentration maxima and time to peak values for the two 
subjects. 


Current methods for papaverine analysis in plasma are time consuming 
and do not provide the sensitivity often required as demonstrated by the 
data for Subject 1 (Fig. 2). These problems were overcome with the 
present HPLC method, which has a detection limit of 2 nglml, response 
linearity over a wide range, and a simplified extraction procedure. 
Moreover, it  uses only 1 ml of plasma and is adaptable to automatic 
sampling systems. 
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Abstract  Dinoprostone para-substituted phenyl esters were syn- 
thesized in attempt to improve the solid-state stability of. the parent 
prostaglandin. A phenol series covering a wide melting-point range was 
employed, and a linear relationship was observed between the phenol 
melting points and the resulting prostaglandin C1-ester melting points. 
The  crystalline esters showed improved solid-state stability over the 
parent compound, and many esters were biologically active. 


Keyphrases 0 Prostaglandins-dinoprostone, prodrugs, stabilization 
in solid state of crystalline C1-phenyl esters, biological activity 0 Pro- 
drugs--dinoprostone, stabilization in solid state of crystalline CI-phenyl 
esters, biological activity 


Prostaglandins are naturally occurring long chain sub- 
stituted carboxylic acids with various biological effects in 
uiuo (1-3). These compounds are undergoing extensive 
molecular modification in attempts to increase potency 
and specificity and to improve pharmaceutical and bio- 
logical properties. Chemical programs aimed at increasing 
potency or specificity involve the creation of analogs 
through substituent synthesis or skeletal modification, 
whereas biopharmaceutical properties are modified uia 
prodrugs. 


BACKGROUND 


Following the identification of several highly active prostaglandin 
analogs (4-7), attention has been directed toward improving pharma- 
ceutical or biological properties through the in uiuo reversible modifi- 
cation known as the prodrug (8). Many highly active prostaglandin an- 
alogs do not have optimal pharmaceutical properties such as solubility, 
stability, and crystallinity nor optimal biological properties such as ab- 
sorption and duration of action (9). These problems may be solved 
through prodrug synthesis. 


Two pressing problems with prostaglandins are E-series prostaglandin 
instability and difficulty in handling many prostaglandins that occur as 
liquids (9). This report focuses on the utility of crystalline C1-esters in 
improving the solid-state stability of dinoprostone (I). 


Dinoprostone (I) instability is due to the 9,llb-ketot system in which 
the activated Cll-hydroxyl undergoes facile elimination to give prosta- 
glandin A:! (10). Attempts to stabilize this prostaglandin have included 
solvent stabilization (1 l) ,  complex formation (12,13), and bisulfite for- 
mation a t  Cg (14). 


Crystalline high-melting C1-esters were synthesized to improve the 
solid-state stability of I based on the following reasoning. Compound I 
is a crystalline solid (mp 63') stable a t  room temperature for short periods 
but liquefies and decomposes rapidly after a few months. High melting 
I CI-esters might maintain crystal integrity and improve the solid-state 
stability. Prediction of the ester melting points was not possible a priori 
from structural formula inspection, but, intuitively, phenols capable of 
strong intermolecular interaction were expected to provide high melting 
esters. The melting point of the parent phenol used in ester formation 
reflects the intermolecular interaction strength; therefore, higher melting 
phenols would be expected to give higher melting esters. 


This work describes the synthesis of various I C1-esters using a phenol 
series covering a wide melting-point range in an attempt to explore the: 
( a )  relationship between the phenol and corresponding prostaglandin 
ester melting points, ( b )  utility of crystalline dinoprostane esters in im- 


proving the parent prostaglandin solid-state stability, and (c) influence 
of esterification on bioactivity. 


RESULTS A N D  DISCUSSION 


Synthesis-Prostaglandin C1-esters have been synthesized by nu- 
merous routes including the N,N-dicyclohexylcarbodiimide procedure 
(15), carboxyl activation with pivaloyl chloride (16), and carboxyl acti- 
vation with sulfonyl halides (17). In this work the isobutyl chlorocarbo- 
nate carboxyl activation route widely used in peptide synthesis (18) was 
chosen. 


Reaction of I with isobutyl chlorocarbonate (11) gave the acyliso- 
butylcarbonate mixed anhydride (111); upon reaction with 1.5-4 mole 
equivalents of the appropriate phenol in pyridine at room temperature, 
I11 gave the desired C1-esters (V) (Scheme I). The  use of a small excess 
(0.1-0.5 mole equivalents) of I1 generally gave quantitative I esterification 
in less than 15 min; for convenience, the reactions were allowed to stand 
a t  room temperature for up to 3 hr before workup. 


The esters were purified by silica gel column chromatography and, 
upon recrystallization, they were shown to be pure by silica gel TLC. The 
structures were verified by combustion analyses (Table I )  and, in some 
cases, by mass spectral analyses. 
0 0 


'-C-OH 


I 
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Table I-Physical Constants of Dinoprostone CI-Esters 


Combustion 
Recrystallization Parent Empirical Analyses, % 


Melting Point 
(Itrm- 
pound C,-Ester (R in V)  Solvent C1-Ester Phenol Formula Cali. Found 


V n  


V b  


V C  


V d  


V C  


V f  


- 
vg  


V h  


Vi 


Vi 


V k  


vi 


Vm 


Vn 


VO 


0 
e C H = ! i - S H - C - - K  II H 


0 


--@sH-!* 


0 


H%-c--cH, 
I1 
0 


0 0 


Ethyl acetate diluted 
with hexane 


Ethyl acetate diluted 
with hexane 


Ethyl acetate diluted 
with hexane 


Ethyl acetate diluted 
with hexane 


Ethyl acetate diluted 
with hexane 


Ethyl acetate diluted 
with hexane 


Acetonitrile diluted 
with water 


Hot acetonitrile 


Tetrahydrofuran 
diluted with 
hexane 


Warm acetone 
diluted with 
hexane 


Hot acetone 


Hot acetone 


Liquid 43' C z d h 0 s  


Liquid 130-133' C33H4006 


76.8-77.8' 108-1 10' C2sH:l~Ofi 


79.3-80.3 ' 122- 124' C:jo H ~ H O ~ ,  


91.8-92.8' 165" C:)~H~"OS 


96.3-97.8' 283' C45HsoOs 


102.3-103.3' 167-169' C2HH2gNOfi 


105.3-108.3' 170-172' C27H:jsN206 


106.3-108.3' 196-197" C27H;j7NOe 


125.3-1 26.5' 224O C~XH:%SN:%O~ 


132.8-135.0' 218' CsnH41NOs 


137.3-140.8" 223-225' C~iH44N20; 


160.8-164.8' 205-208' C~fiH4fiN207 


173.2-176.2" 275-277" C35H44N207 


44.5-48.0'' 51-53' C29H390s 


0 - 


h - 


C 71.46 
H 8.14 


C 75.38 
H 8.00 


C 76.16 
H 7.99 


C 80.56 
H 7.51 


C 69.25 
H 8.09 
N 2.88 


C 66.64 
H 7.87 
N 5.76 


C 68.76 
H 7.91 
N 2.97 


C 65.48 
H 7.65 
N 8.18 


C 72.37 
H 7.55 
N 2.56 


C 66.88 
H 7.97 
N 5.03 


C 69.88 
H 7.49 
N 4.53 


C 69.51 
H 7.33 
N 4.63 


- 


- 


- 


, 71.46 
8.13 


75.44 
7.73 


76.26 
7.86 


79.52 
7.81 


69.36 
8.27 
2.87 


66.73 
8.13 
5.83 


68.36 
7.71 
2.95 


65.62 
7.76 
8.27 


71.95 
7.34 
2.55 


66.46 
8.03 
5.27 


69.80 
7.80 
4.89 . 


69.30 
7.25 
4.69 


- 


~~~ ~ ~ 


Characterized by mass spectral analysis of the his(trirnethylsily1) derivative showing a molecular ion at mle 572 and a fr mentation pattern consistent with the structure. * Characterized by mass spectral analysis of the his(trirnethylsilyl1 derivative. A partial list of fragment ions includes mye 605 (M+ - ?I), 586 (M+ - 901,571 (M+ - 90 
- 15) .  and 515 ( M +  - 90 - 71). Reference 19. 
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Table 11-Biological Activity of Dinoprostone C1-Esters 


Hamster Antifertility Assay Rat Blood Pressure 
Compound Percent Nonpregnant Dose, pglanimal Gerbil Colono (Depressor) a 


I b  
Va 
Vb 
v c  


Vd 
Ve 
Vf 


3 
% 
Vi 


Vl 
Vm 
Vn 


100 
50 
17 


100 
17 
0 


17 
17 


100 
0 


50 
33 
17 
33 
17 
0 
0 


200c 
234e 
302e 
267 
134 
272e 
286O 
381 


1000 
100 
276e 
268c 
291 


1000 
316e 
351e 
100 


2 (1.4-2.6)d 
1-3 
1-3 
1-3 


0.3-1 
0.1-0.3 


0.01-0.03 


0.01-0.03 
1-3 


0.3-1 
0.3-1 
0.1-0.3 


1-3 
0.3-1 
0.1-0.3 


0.6 (0.4-l.l)d 
0.1-0.3 
0.1-0.3 
0.1-0.3 


0.1-0.3 
0.01-0.03 
Inactive 


0.1-0.3 
0.1-0.3 
0.1-0.3 
0.1-0.3 
0.1-0.3 
0.3-1 
0.1-0.3 
0.1-0.3 


0 Prostaglandin E = 1. b Reference compound. 
in parenthesis. e Amount equivalent to 200 pg of 1. 


Minimal effective dose (MEDlm) for 100% inhibition of pregnancy. d Relative potency and 95% confidence interval 


Melting Points-Plotting the I C1-ester melting points versus the 
starting phenol' melting points (Fig. 1) showed that higher melting 
phenols generally gave higher melting esters. The lowest melting ester 
on the plot was that of 5-indanol(19). 


The least-squares line is shown without the most deviant point (Vf, 
the p-tritylphenyl ester). The correlation coefficient was 0.937 (slope, 
0.57; intercept, 10.1'). Inclusion of Vf decreased the correlation coeffi- 
cient to 0.780 (slope, 0.43; intercept, 31.1'). The reason for the large de- 
viation of Vf is not clear but could be the isolation of an unusually low 
melting polymorph or a different crystal packing arrangement caused 
by exceptional ester bulkiness. 


Structurally, the amido-substituted phenyl esters provided higher 
melting points than the acyl- or aromatic-substituted phenyl esters, 
presumably due to strong amido moiety hydrogen bonding (20). The 
melting points increased progressively from the p-acetamidophenyl ester 
(Vg) to the p,p'-acetamidobenzamidophenyl ester (Vn). The latter ester 
is remarkably effective in raising the melting point of I and is the highest 
melting ester (173.2-176.2O) recorded to  date. 


Stability-Storage of crystalline esters Vc-Ve, Vg-Vl, and Vn at  room 
temperature for 23-30 months resulted in no detectable degradation as 
shown hy silica gel TLC; the esters remained as white solids. The free acid 
I, on the other hand, underwent 4459% degradation in 12 months at  room 
temperature with partial liquefaction. Since the liquid esters Va and Vb 
underwent decomposition as well as discoloration upon storage a t  room 
temperature, the improved solid-state stability of the crystalline esters 
apparently is due to the stabilization by the crystal lattice. 


Biological Activity-The ester biological activities in three test 
screening systems are summarized in Table 11. Significant activity was 
observed in the antifertility assay for all compounds except Vd, Vm, and 
Vn. Full activity was attained with Vc. Some esters were nearly as active 


180' - 
160'- 


140' - 
1 20° - 
looo . Vf - 


60' 100' 140' 180' 220' 260' 300' 
PHENOL MELTING POINTS 


Figure 1-Plot of the melting points of starting phenols versus the 
melting points of resulting dinoprostone C1-esters. The least-squares 
line is shown omitting ester Vf. 


I The melting-point range midpoint was used. 


as I in the gerbil colon assay, but all compounds were less active than 1 
in the rat blood pressure assay. 


EXPERIMENTAL 


Materials and Methods-Compound I2 (mp 63') purity was verified 
by silica gel TLC using ethyl acetate-acetic acid (97:3). The phenols, 
except those synthesized below, were obtained commercially3. Pyridine 
(analytical reagent) was dried over molecular sieves4 for 1 week before 
use. All other solvents were glass-distilled quality5. Acetone and tetra- 
hydrofuran were dried by stirring 100 ml of the solvent with 50 g of alu- 
mina6 for 15 min followed by filtration under nitrogen. 


Column chromatography was conducted on 0.063-0.2-mm silica gel'. 
In most cases, the support was deactivated by stirring 1 kg of silica gel 
with 4 liters of ethyl acetate containing 30 ml of water. After the slurry 
settled for about 2 min, the supernate was decanted and the remaining 
thick slurry was poured into glass columns. Silica gel TLC was conducted 
on 250-pm layer plates8. The compounds were visualized by spraying the 
developed plates with aqueous 15% ammonium sulfate followed by 
charring on a hot plate. 


Synthesis-p-Bentomidophenol-A solution of 20 g of p-amino- 
phenol in 200 ml of dry pyridine was treated with 20 g of benzoic anhy- 
dride, After 4 hr a t  room temperature, the solvent was removed under 
vacuum at 45O, and the residue was dissolved in 200 ml of hot methanol. 
Dilution with 300 ml of water gave 22 g of tan crystals. An 11.2-g portion 
of the product was recrystallized from 350 ml of hot acetonitrile, affording 
8.5 g of white crystals, mp 218.Ck218.5'. The product was soluble in alkali, 
indicative of a phenol, and the mass spectrum revealed a molecular ion 
at  mle 213. 


Anal.-Calc. for C13HllN02: C, 73.22; H, 5.20; N.6.56. Found: C, 73.49; 
H, 5.30; N, 6.47. 


p,p'-Acetamidobentamidophenol-A solution of 12.5 g of p-aceta- 
midobenzoic acid in 250 ml of dry tetrahydrofuran was treated with 11.1 
ml of triethylamine, and partial crystallization of the triethylammonium 
salt occurred. Isobutyl chlorocarbonate (10.4 ml) was added to the sus- 
pension with stirring, and a voluminous precipitate occurred. After 5 min 
of stirring a t  room temperature olution of 13.3 g of p-aminophenol 
in 80 ml of dry pyridine was a d d e g h e  suspension was stirred for 40 min 
and then diluted with 2 Iitersbf water, affording 14.3 g of a brown solid. 
Then the product was dissolved in 500 ml of hot methanol. After partial 
decolorization with 1 g of charcoal, the solution was diluted with 300 ml 
of water, giving 5.9 g of white crystals, mp 275.0-277.0'. 


Anal.-Calc. for C15H1dN203: C, 66.69; H, 5.18 N, 10.36. Found (cor- 
rected for 3.87% H20): C, 66.08; H, 5.36; N, 10.33. 


The compound was rendered anhydrous by drying under vacuum a t  
110" overnight. 


2 Su plied by the Research Division, The Up'ohn Co. 
3 Allrich Chemical Co., Milwaukee, Wis., and Eastman Kodak Co., Rochester, 


N.Y. 
Beads, 10-16 mesh, 4 A, Davison Chemical Co., Baltimore, Md. 
Burdick &Jackson, Muskegon, Mich. 
Woelm alumina, ICN Pharmaceutlcals, Cleveland, Ohio. 
Silica gel 60, EM Laboratories, Elmsford. N.Y. 


8 Uniplate. Analtech Inc., Newark, Del. 
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p-Renramidophrnyl Ester of Dinoprostone ( Vk)-A solution of 260 
mg (0.74 mmole) of I in 20 ml of dry acetone was treated with 0.206 ml 
(1.48 mmoles) of triethylamine. While under a positive nitrogen atmo- 
sphere, the solution was cooled to -So, and 0.194 ml (1.47 mmoles) of 
isohtyl  chlorocarbonate was added. Rapid crystallization of triethyl- 
amine hydrochloride occurred. After 3 min at  -So, a solution of 0.8 g (3.76 
mmoles) of p-benzamidophenol in 8 ml of dry pyridine was added. 


After 3 hr at  room temperature, the solvent was removed under vacuum 
a t  45”, and the resulting oily residue was purified by column chroma- 
tography ctn 80 g of silica gel. Elution was achieved with 150 ml of ethyl 
acetate followed by acetonitrile. TLC showed the product was in tubes 
25-30 (1.5 ml each); upon solvent removal under vacuum a t  45’, a white 
solid was obtained. The product was dissolved in 20 ml of tetrahydrofuran 
and diluted with 20 ml of hexane, affording 269 mg of white crystals, mp 
132.8-135.0°, after drying under vacuum a t  50’. The product was pure 
by silica gel TLC with ethyl acetate as the developing solvent. 


Anal.-Calc. for C ~ J H ~ L N O ~ :  C, 72.37; H, 7.55; N, 2.56. Found C, 71.95; 
H, 7.34; N, 2.55. 


Mass spectral analysis showed a peak at  m/e 529 corresponding to M+ 
- H20, and the fragmentation pattern supported the structure. 


The other I Cl-esters were synthesized by similar methods. 
Biological Assays-Hamster Antifertility-The esters were evalu- 


ated for their ability to inhibit pregnancy in adult female hamsters, as 
reported previously (21 ). The compounds were administered suhcuta- 
neously in 0.5 ml of a vehicle containing 30% ethanol and 70% physio- 
logical saline. (In some cases, the ethanol concentration was increased 
slightly to achieve dissolution.) The solutions were stored a t  - 3 O O  until 
used. The ester doses were equivalent to 200 pg of Vanimal unless oth- 
erwise indicated. The minimum I dose giving 100% pregnancy inhibition 
was 200 pg. The percentage inhibition of pregnancy was determined from 
the number of animals pregnant in a six to 12 animal group. 


Isolated Gerbil Colon-The male gerbil ascending colon was used to 
evaluate smooth muscle stimulating activity, as previously described (21). 
Generally, two colons were used for each test. The response to 3.2 and 
10 ng/ml of prostaglandin El was obtained, and increasing ester con- 
centrations were tested until a response was obtained between the two 
standard concentrations. The standard concentration to test concen- 
tration ratio was calculated, and the activity was expressed as the range 
of these two ratios. 


Raf Blood Pressure --Direct blood pressure measurement was made 
from a common carotid artery of anesthetized, mature female rats as 
described previously (21 ). Generally, only one rat was used for each test. 
The depressor response of 1 and 3.2 pg/kg of prostaglandin El was de- 


termined following intravenous administration, and increasing test 
compound doses were administered intravenously until a response was 
obtained between the two standard doses. Activity was expressed as in- 
dicated for the gerbil colon. 
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Abstract D A new method for synthesizing C1-aliphatic esters of dino- 
prost and dinoprostone without using hydroxyl protective groups is de- 
scribed. Reaction of the prostaglandin with an alkyl halide in the presence 
of‘ the sterically hindered amine N,N-diis,opropylethylamine proceeds 
smoothly to give CI-esters in various solvents at ambient or slightly ele- 
vated temperatures. Polar solvents were strongly catalytic, and even the 
hindered terf -hutyl esters were synthesized by employing solvents such 
as dimethylformamide or dimethyl sulfoxide. Biological evaluation in 


the hamster antifertility assay showed that some esters maintained high 
hioactivity. 


Keyphrases 0 Prostaglandins-prodrugs, dinoprost, dinoprostone, 
Cl-aliphatic esters, synthesis, biological activity 0 Prodrugs-dinoprost 
and dinoprostone, C1-aliphatic esters, synthesis, biological activity 0 
Dinoprost-prodrugs, C1-aliphatic esters, synthesis 0 Dinoprostone- 
prodrugs, Cl-aliphatic esters, synthesis 


The conversion of prostaglandins to C1-methyl esters 
has resulted in increased or more rapid intestinal absorp- 
tion (1,2), as well as in greater potency following intrave- 
nous administration (3). Since few prostaglandin C1-ali- 
phatic esters have been reported, various aliphatic esters 


of dinoprost (I) and dinoprostone (11) were spthesized for 
evaluation of their utility as prodrugs in continuation of 
our effort on prostaglandin prodrugs (4). 


The s N 2  reaction of inorganic metal salts of carboxylic 
acids and alkyl halides produces C1-dkyl esters (5), but the 
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OPEN FORUM 


Hospital Pharmacy and the CGMP: 
Additional Comments 


In their response’ to Dr. Feldmann’s editorial2, Dr. Belson and Dr. 
Loftus claimed that, in FDA’s view, the guidelines issued by the 
American Society of Hospital Pharmacists in the December 1977 issue 
of the American Journal of Hospital Pharmacy are suitable 
equivalents to the CGMP’s for normal hospital pharmacy practice and 
that Dr. Kennedy has endorsed those guidelines. What is a normal 
hospital pharmacy practice? Furthermore, one of these guidelines is: 
“In the absence of valid stability data, an arbitrary expiration date of 
not more than 60 days from the date of repacking, or as defined by the 
FDA or USP, should be used.” 


In an earlier response3 to Dr. Feldmann’s editorial, I reported that 
some drugs that are being repackaged in hospital pharmacies are not 
stable even for 30 days. How could one go by an arbitrary expiration 
date of 60 days? Incidentally, the above guidelines do state that if 
stability data are available, the data should be used to determine the 
expiration date. The data on the products that  were not stable even 
for 30 days were not available to justify an expiration date of less than 
60 days, that is, less than 60 days of the arbitrary date as suggested by 
the above quoted guideline. 


In the February 1979 issue of the American Journal of Hospital 
Pharmacy, the Society revised this guideline and deleted the 
arbitrary expiration date of 60 days. The new guideline is: “It is the 
responsibility of the pharmacist, taking into account the nature of the 
drug repackaged, the characteristics of the package and the storage 
conditions to which the drug may be subjected, to determine the 
expiration date to beuplaced on the package. This date must not be 
beyond that of the original package.” 


This guideline is far better than the original one. However, how 
many hospital pharmacists are determining the expiration dates by 
actual data! Perhaps less than 1% of those who are engaged in 
repackaging drugs. 


V. Das Gupta 
College of Pharmacy 
University of Houston 
Houston, T X  77004 
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Abstract  The pharmacokinetics of two pyridinol carbamate formu- 
lations were studied after a single oral administration in 10 healthy vol- 
unteers. An open one-compartment model descrihed the evolution of 
plasma concentrations as a function of time. Pyridinol carbamate was 
rapidly ahsorbed (mean lag time from 0.36 to 0.38 hr). Its elimination 
half-life ranged from 3.3 to 7.9 hr. The two formulations were bioequiv- 
alent. 


Keyphrases Pyridinol carbamate-pharmacokinetics, bioavailability, 
.comparison of two tablet formulations, humans 0 Antiarteriosclerotic 
agents-pyridinol carbamate, pharmacokinetics, bioavailability, com- 
parison of two tablet formulations, humans Anti-inflammatory 
agents-pyridinol carbamate, pharmacokinetics, bioavailability, com- 
parison of two tablet formulations, humans I'harmacokinetics-py- 
ridinol carbamate, humans 


The human pharmacokinetics of pyridinol carbamate, 
a widely used antiatheromatous agent (1, 2), have been 
studied in only a small number of patients and with a 
nonspecific analytical procedure (3 ,4) .  


In the present work, a new sensitive and specific high- 
pressure liquid chromatographic (HPLC) method (5)  was 
applied to determine the pharmacokinetics and to  compare 
the bioavailabilities of two pyridinol carbamate formula- 
tions. 


EXPERIMENTAL 


Subjects-Alter giving informed consent, 10 healthy male volunteers 
(25-35 years and 58-80 kg) each received, in a randomized order, a single 
oral I-g dose of two different pyridinol carbamate formulations. There 
was a 14-day interval between the two treatments. 


Treatments-The two formulations used, A' and B2, were tablets 
containing 250 mg of pyridinol carbamate. 


Protocol-One hour after a liquid breakfast, each subject received 
at 8:OO am four tablets of A or B with 150 ml of water. During the following 
25 hr, 12 heparinized venous blood samples (5 ml) were drawn. The first 
standardized meal was allowed 4 hr after drug administration. 


Analytical Method-Each blood sample was centrifuged within 30 
min. The separated plasma was kept frozen (-80') until assayed. Non- 
metaholized pyridinol carbamate was specifically measured by using a 
previously described HPLC technique (5). 


Calculations-The relevant pharmacokinetic parameters were 
computed for the two forms of pyridinol carbamate according to an open 
one-compartment linear model. The plot of log plasma concentrations 
(C ,  micrograms per milliliter) uersus time ( 1 ,  hours) allowed a rough 
determination of the ahsorption ( k o ,  hours-') and the elimination rate 
constants (k,,, hours-') by using the peeling method. These empirical 
values were used to calculate the parameters of the most probable 
curve: 


C = / ( t )  = -Ae-kot + fje-ket (Eq. 1) 


This calculation was achieved by an iterative program using the 
least-squares principle devised for a computer?. The lag time (TL,  hours) 
before the appearance of pyridinol carbamate in plasma was calculated 


I Mcdoxal, Allard Laboratories, Paris, France. * Angioxine. Roussel Laboratories. Paris, France. 
Model SR 60, Texas Instruments, Almelii, Holland. 


as follows: 


(Eq. 2) 


The relative volume of distribution (VIF, liters), which is the ratio of 
the volume of the compartment ( V )  to the absolute bioavailability factor 
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Figure 1-Plasma concmtration-time curues for pyridinol carhamat? 
after the oral administration of 1 g of Formuiations A and R in 10 
hcalthy volunteers. 
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Table I-Pharmacokinetic Parameters  of T w o  Formulations (A a n d  B) of Pyridinol Carbamate a f t e r  a Single O r a l  Administration in 
Healthy Volunteers 


TL, trnax, Cmax, ka, k e ,  ti/z, (V /F) /RW,  AUC,  AUCcor, 
Subject Form hr hr pg/ml hr-l hr-* A l3 hr liters/kg pg/hr/ml pg/hr/ml FA/B 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Mean 
fSEM 
Mean 
fSEM 


A 
B 
A 
B 
A 
B 
A 
R 
A 
B 
A 
B 
A 
R 
A 
B 
A 
B 
A 
B 
A" 


B" 


0.52 
0.45 
0.50 
0.47 
0.34 
0.44 
0.38 
0.28 


-0.64 
0.26 
0.36 
0.50 


-0.01 
0.49 
0.46 
0.12 
0.4 1 
0.38 
0.19 
0.23 
0.38 
0.06 
0.36 
0.04 


3.36 
1.91 
3.07 
1.37 
2.34 
2.82 
2.87 
2.50 
1.47 
1.35 
1.09 
0.61 
1.78 
2.85 
0.58 
1.91 
1.40 
2.69 
2.06 
2.51 
2.00 
0.29 
2.05 
0.24 


16.2 0.605 
14.6 1.934 
14.3 0.680 
16.8 3.717 
9.7 1.26 


16.0 0.898 
14.2 0.865 
14.4 1.053 
15.9 1.408 
19.7 3.223 
14.0 5.025 
18.6 - 
12.9 1.339 
14.6 0.752 
16.5 - 
16.7 1.687 
14.8 3.087 
12.6 0.831 
16.2 1.375 
13.7 0.850 
14.5 1.738 
0.6 0.477 


15.8 1.660 
0.70 0.370 


0.182 
0.141 
0.194 
0.150 
0.132 
0.152 
0.142 
0.138 
0.087 
0.107 
0.145 
0.145 
0.162 
0.209 
0.137 
0.099 
0.170 
0.188 
0.135 
0.186 
0.149 
0.010 
0.151 
0.01 1 


-53.53 
-46.25 
-46.38 


-114.38 
-21.71 
-41.07 
-33.79 
-30.45 
-8.26 


-52.93 
-98.63 
-1.41 


-19.40 
-48.21 
-1.92 


-26.08 
-66.26 
-34.78 
-30.04 
-32.62 
-37.99 


9.23 
-42.82 


9.18 


42.96 
20.75 
36.45 
21.50 
14.79 
9.65 


15.73 
23.54 
19.29 
23.59 
16 98 
20.37 
19.69 
36.86 
18.00 
21.51 
20.01 
27.20 
23.81 
28.05 
23.77 
2.87 


25.30 
1.64 


3.8 0.52 
4.9 0.79 
3.5 0.73 
4.6 0.90 
5.2 1.27 
4.5 0.70 
4.8 0.73 
5.0 0.76 
7.9 0.77 
6.4 0.66 
4.7 1.03 
4.7 0.85 
4.2 0.77 
3.3 0.55 
5.0 0.87 
7.0 0.73 
4.0 0.71 
3.6 0.64 
5.1 0.80 
3.7 0.79 
4.8 0.82 
0.4 0.06 
4.8 0.74 
1.2 0.03 


149.94 
127.74 
121.63 
128.22 
95.95 


152.00 
143.49 
142.05 
220.56 
207.14 
107.84 
130.61 
107.34 
114.96 
122.45 
202.95 
103.68 
104.05 
154.85 
113.10 
132.77 
11.69 


142.28 
11.35 


1.91 
1.26 
1.37 
1.11 
0.78 
1.43 
1.36 
1.31 
1.30 
1.51 
0.97 
1.17 
1.30 
1.80 
1.14 
1.36 
1.41 
1.56 
1.25 
1.26 
1.28 
0.09 
1.38 
0.04 


1.51 


1.23 


0.54 


1.04 


0.86 


0.83 


0.72 


0.84 


0.90 


0.99 


0.95 
f0.09 


0 Not significant when Formulation A is compared with B. 


( F ) ,  was obtained by using: 


where D is the administered dose. This parameter was corrected for body 
weight ( R  W ,  kilograms) and expressed as: 


V 
(F) (RW)  


The area under the curve (AUC, micrograms per hour per milliliter) 
was calculated by integrating the equation C = f ( t )  from t = TL to in- 
finity: 


(Eq. 4) 
A R 
ka k, 


This value was corrected (AUC,,) for the administered dose, SW, and 
kLelativeAo each subject and for the mean of these two last variables 
(RW and ke) for the group of volunteers as follows: 


AU(I = - -e - -keT~  + -e-kcTI.  


AUC,,, = AUC rd($) (Eq. 5) 


The plasma half-life ( t  112, hours) was derived from k,. The time (tmax, 
hours) needed to obtain the maximal plasma concentration (CmaX) was 
ohtained by: 


(Eq. 6) 


The relative bioavailability factor of the two formulations ( F A I R )  was 


(Eq. 7) 


Results were expressed as means f SEM. Statistical analysis of the 
differences between Forms A and B was carried out by a threeway anal- 
ysis of variance in which the nature and the order of treatments were the 
two variables. 


calculated as follows: 
A UCCor Form A 
AUC,,,, Form B F A I R  = 


RESULTS AND DISCUSSION 


The empirical and computed log plasma concentration-time curves 


are shown in Fig. 1, and the pharmacokinetic parameters are listed in 
Table I. 


After oral administration, pyridinol carbamate appeared in the blood 
after a mean lag time of 0.36-0.38 hr. Its absorption was regular, as shown 
by the small interindividual variations in the plasma concentrations. No 
distribution phase could be detected from the plasma concentration-time 
curves. This finding indicates that the drug rapidly reached a relative 
distribution volume of 0.52-1.27 l i tedkg.  


Drug elimination was characterized by a plasma half-life of 3.32-7.96 
hr. 


These results vary with those of h'fallein et al. (3) who reported slower 
at)sorption, higher peak plasma concentrations, and longer plasma 
half-lives. All of these differences could be explained by the nonspecificity 
of  their analytical method (4) for plasma of pyridinol carbamate me- 
tabolites. 


Finally, due to the absence of significant differences between the 
A lJCcor obtained after administration of the two forms and to a relative 
bioavailability factor ( F A I B )  of 0.95 f 0.09, it was concluded that the 
two pyridinol carbamate formulations were bioequivalent. 
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Abstract  0 Three solid forms of iopanoic acid were characterized by 
X-ray diffraction, differential scanning calorimetry, scanning electron 
microscopy, thermal microscopy, IR spectroscopy, and dissolution 
studies. X-ray analysis demonstrated that two solid forms were crystalline 
and that the third was amorphous. The amorphous form had been re- 
ported previously as crystalline. Enthalpies and entropies of transition 
were calculated using differential scanning calorimetry. A fourth form, 
a benzene solvate, also was isolated but proved to be too unstable a t  room 
temperature to permit conclusive characterization. The amorphous form 
demonstrated a 10-fold greater intrinsic dissolution rate than the com- 
mercially available form (Form I). Form 11’s intrinsic dissolution rate was 
1.5 times greater than that of Form I. In powder dissolution studies, the 
peak solubilities of the different forms followed the same rank order as 
their intrinsic dissolution rates. Form I1 was relatively stable in aqueous 
saturated solutions, hut the amorphous form was rapidly converted to 
Form I under similar conditions. 


Keyphrases 0 Iopanoic acid-solid forms, physical characterization, 
polymorphism, thermal behavior 0 Polymorphism-iopanoic acid, 
physical characterization, thermal behavior 0 Radiopaque media- 
iopanoic acid, solid forms, physical characterization, polymorphism, 
thermal behavior 


Gallbladder disease, a commonly occurring medical 
problem, is most frequently diagnosed through the use of 
oral radiographic agents. Over 2,000,000 patients in the 
United States alone undergo oral cholecystography each 
year (1). The agent most componly prescribed to produce 
gallbladder opacification is iopanoic acid1 (I), an iodinated 
organic acid poorly soluble in water; it is administered 
orally in tablet form. 


However, in approximately 25-50% of patients with 
apparently normal gallbladders, iopanoic acid reaches the 
gallbladder in insufficient concentration to permit radio- 
graphic opacification (1, 2). Consequently, a second ex- 
amination with another dose of contrast material is often 
required. Nevertheless, iopanoic acid continues to be 
widely used because of its ability to permit accurate visu- 
alization of gallstones and because of its relatively low 
toxicity. 


BACKGROUND 


Inadequate normal gallbladder visualization on initial examination is 
a complex problem. Ingestion of an insufficient amount of contrast me- 
dium, faulty dosing instructions, changes in gastric pH, and decreases 
in bile flow associated with dietary control are often mentioned as causes 
for initial nonvisualization. In 1971, Evens et al. (3) postulated that poor 
visualization of normal gallbladders on initial examination was due to 
incomplete absorption of the radiocontrast medium. They observed large 
amounts of coarse radiopaque residue on abdominal radiographs of 
normal patients for whom poor gallbladder opacification had been ob- 
tained. Subsequent investigators (4) reported that iopanoic acid exhibited 
dissolution rate-limited absorption. 


Numerous studies (5-8) showed that the sodium salt of iopanoic acid 
is more rapidly and completely absorbed than the free acid. Sodium io- 
panoate may react with hydrochloric acid in the stomach to precipitate 
the free acid as an amorphous material. In a recent investigation, Gold- 
berger et al. (9) isolated the precipitated iopanoic acid immediately fol- 
lowing acid addition to an aqueous solution of the sodium salt. The dis- 


1 Telepaque, Winthrop Laboratories. New York, N.Y. 


I 
solution rate of the “freshly precipitated” acid was compared to that of 
the “dried precipitate,” which was assumed to be analogous to the com- 
mercially supplied compound. Marked differences in the dissolution rates 
of the two forms were observed. On examination of the commercial acid, 
the recent precipitate, and the dried precipitate by oil immersion light 
microscopy and electron microscopy, the authors concluded that all three 
forms are crystalline. Consequently, they noted that use of the term 
“amorphous” to  describe the recently precipitated material is not justi- 
fied. 


The purposes of the present study were: (a) to characterize further the 
previously reported crystalline iopanoic acid forms, and ( b )  to crystallize 
the material from various solvent systems in an  attempt to isolate a 
polymorph with a rapid dissolution rate that  might be stable in the solid 
state for a reasonable period. 


EXPERIMENTAL 


Solid Forms-Attempts were made to prepare polymorphs of iopanoic 
acid by crystallization from various solvent systems using the customary 
(10) techniques of shock cooling, crystallization a t  room temperature, 
and slow crystallization at elevated temperatures. Some 30 samples of 
crystalline material were examined by thermal microscopy, differential 
scanning calorimetry, IR spectroscopy, and other techniques, but only 
in the instances described here were unique crystalline forms ob- 
tained. 


Commercial iopanoic acid2 (Form I) was used in the preparation of 
three other solid forms. A free acid precipitate was obtained by a proce- 
dure similar to that described by Goldberger et al. (9). Iopanoic acid (3-5 
g) was dissolved in 0.1 N NaOH, and the final solution pH was adjusted 
to -12.5. Nitrogen was bubbled into the solution, and mixing was by a 
magnetic stirrer. Hydrochloric acid, 0.1 N, was added a t  a rate of 15 ml 
min-l until the pH reached 2.15. The precipitate was vacuum filtered 
and stored in uucuo (380 mm Hg) for 12 hr at 35O. 


In the preparation of Form 11, a warm solution of commercial iopanoic 
acid in analytical reagent grade benzene was frozen rapidly in a dry ice- 
acetone mixture and then slowly allowed to melt at room temperature. 
Crystals obtained by filtration of this mixture were identified as a benzene 
solvate of iopanoic acid. Form 11, free of benzene, was obtained when these 
crystals were stored in U ~ C U O  (380 mm Hg) for 12 hr a t  70’. 


X-Ray Analysis-All X-ray data were collected on an automated 
diffractometers with monochromatized CuKa (A  = 1.5413 A) radiation. 
The diffractometer was equipped with a 28 compensating slit and a 
graphite monochromator. The  instrument was calibrated to within 
f0.02’ 20 using the quartz peak a t  26.66’. The patterns were recorded 
both from 2 to 60’ 20 at a scanning speed of 2.4’ 20 min-’ and from 6 to 
46’ 28 a t  a scanning speed of 6O 20 min-l. 


Differential Scanning Calorimetry-A thermal analyze+, equipped 
with a differential scanning calorimeter cell, was used to record transition 
temperatures and heats. Thermograms were recorded simultaneously 
on an x-y recorder4 and on an external time-base recorder equipped with 
a mechanical integrator5. A loo min-’ heating rate was employed, and 
a nitrogen purge was maintained throughout each run. 


Sterling-Winthrop Research Institute, Renaselaer, N.Y. 
Phillips APD 3500. 
DuPont 900. 
ServdRiter 11, Texas Instruments h e .  
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Figure 1-X-ray powder diffraction patterns of solid iopanoic acid 
forms. 


Area measurements were obtained either by planimetry6 or from the 
mechanical integrator trace. When areas were measured by planimetry, 
a line was drawn from the point a t  which the thermogram first departed 
from the baseline to the point, following the transition peak, at which the 
baseline was resumed. 


Benzophenone' [AH, 23.5 cal g-I; mp 48.2" (1 111, stearic acids (99+%) 
[AHfus 47.5 cal g-I; mp 69.0" ( l l ) ] ,  and indiumg (99.99%) [AHr,, 6.97 cal 
g-' (12); mp 156.4" (1 l)] were used to prepare the calibration curve and 
to calibrate the temperature axis. The benzophenone was recrystallized 
twice from absolute alcohol. The stearic acid and indium were used 
without further purification. All samples were weighed on an electro- 
balance'" to the nearest 0.001 mg. Peak area measurements, when per- 
lormed by planimetry, were repeated with a precision approaching 0.1%. 
The relative standard deviation for the area measurements ranged from 
3.16% for indium fusion to 1.70% for stearic acid fusion. 


Thermal Microscopy-Thermal microscopic examinations of the 
samples were performed on a Kofler micro hot stagel'. A few sample 
particles were placed on a microscope slide and examined between crossed 
Nicols. A heating rate of 1" min-l was used to determine transition 
temperatures. Known melting-point standards were utilized to check the 


fi Model 620005. Keuffel & Esser Co. 
MC Ai R Manufacturing Chemistq. Norwood, Ohio 
Supelco. Inc., Hellefonte, Pa. 
Fisher Scientific Co., Fair Lawn, N.d. 


Arthur H.  Thomas Co. 
'* Cahn G-2. 
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Figure %-Differential scanning calorimetvr thermograms of soltd 
iopanoic acid jorms. 


thermometer calibration and the technique used. The magnification 
employed was lOOX, and the numerical aperture was 0.25. 


Scanning Electron Microscopy-Scanning electron micrographs12 
were obtained for each iopanoic acid form. Solid samples were coated with 
a thin gold film and maintained under a vacuum of 1 X lo-% mm Hg. A 
100-pm aperture was used to obtain magnifications of 1000-6OOOX. 


IR Spectroscopy-Spectra of solid samples, prepared as potassium 
hromide13 pellets in a miniature pressI4, were recorded on a double-beam 
IR spectrophotometer'5. A polystyrene film was used to check the spec- 
trophotometer wavelength calibration. After the spectra were obtained, 
thermograms of the triturated and compressed samples were recorded 
to detect possible alterations in crystalline form due to the grinding op- 
erations and the pressures used. 


Dissolution Studies-Powder dissolution profiles were obtained for 
each solid iopanoic acid form. A quantity of solute approximately 
equivalent to twice the saturation solubility was employed. No attempt 
was made to control particle size. The powder was added to 500 ml of 
preheated 0.02 M phosphate buffer solution, pH 6.50. The dissolution 
medium was stirred at  228 rpm with a stainless steel propeller, which was 
positioned 3 cm from the bottom of a USP dissolution flask. All experi- 
ments were performed a t  37.0 f 0.1". 


Fifteen-milliliter samples were withdrawn periodically through a me- 


l 2  Stereoscan S4, Cambridge Instrument Co. 
la  Harshaw Chemical Co. 
14 Wilkk minipress. 
l 5  Perkin-Elmer 267. 
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Figure 3 .'hnning e k ~ l r o n  niicrog?rap/is nf solid ioponoic ocid forms. 
K r y  a, Form I .  magnification I M O X ;  I), Form 11. magnification IiMox; 
and c. amiJrphoUS form, niognificntion l2Of)X. 


dium fritted glass disk. :1 cm in diameter. 'I'he volume withdrawn was 
immediateiy replaced with a equal voluine of thermally equilibrated 
buffer. After appropriate dilution. s;iinples were analyzed spectropho- 
tometr icd ly~~ at  %:10 nm. and a correct.ion (13) was applied for the amount 
of solute removed during sampling. 


Intrinsic dissolution rates also were determined. Approximately 500 
mg of powder was placed in a 1."7-cm diameter flat-faced punch and die 
set and compressed under vacuum for 1 niin wit.h an applied load of 4545 
kg17. The disk was removed from the die and mounted, wi th epoxy glue, 
in a glass tuhe. 2 cm in heiKht and 1.27 cm in  tlianieter, so as In expose only 


the upper surface of the pellet to the dissolution medium. Fwr extenders 
were attached I ~ J  the hottom of the glass tube to stabilize the holder when 
it was placed in the dissolution medium. The intrinsic dissolution studies 
were carried out. under sink conditions. Al l  other experimental conditions 
and procedures were identical wi th those used in the powder dissolution 
studies. 


RESULTS AND DISCUSSION 


Three crystalline iopanoic acid forms and an amorphous form were 
ohtained. W i th  only one exception, all solvent systems used and all 
crystallization techniques attempted produced crystals identical with 
thnse of commercially available iopanoic acid (Form I ) .  Crystals obtained 
hy shock cooling a warm, sat.urated solution of iopanoic acid in benzene 
were identified as benzene solvate crystals. These crystals rapidly lost 
solvent when stored in air at room temperature. 


tkrause t.he benzene solvate lims solvent to the atmnsphere so quickly 
under ordinary temperature and pressure conditions, i t  is virtually im- 
pnssible to ohtain reprnducible physical data on this form. 'I'hermt)grams 
of the solvate are affected markedly by sample size and history, hy heating 
rate, and by the tightness of the seal u ~ d  on the sample pam. The typical 
thermogram of  this form, however, is very similar to that of Form 11, ex- 
cept for a hroad, dual peak centered around 80'. the approximate benzene 
hiding point. When solvate crystals. after having been stored under a 
benzene atmnsphere since preparation, are suhjectd to X-ray diffraction 
analysis, their X-ray pattern is essentially superimposahle on that of 
Form 11. 


X-ray diffraction patterns of Forms I and I I  and of the amorphous form 
are shown in  Fig. 1. The patterns indicate that the commercially availahle 
iopanoic acid (Form I) and Form I I  are k i t h  crystalline and that they are 
distinctly different. Peak pusitions and relative intensities for these forms 
are listed in Tahle I. Differences in peak posit ions and intensities can he 
attributed to alterations in the crystal lattice molecular arrangement. 
The X-ray pattern of the precipitated form, on the other hand. i s  char- 
acteristic of an amorphous solid. Identical patterns were ohtained from 
"recently precipitated" iopanoic acid and from precipi:ated iopatioic acid 
that had been stored in a desirrator for more than I year. This observation 
is in contrast to that of Goldbrrger et 01. (9). who reported that the dried 
precipitate is crystalline. 


When longer radiation times and higher sensitivities were employed, 
peaks of low intensity were observed i n  some precipitated samples. 
Further analysis indicated that the peaks can he attrihuted to contami- 
nation of  the largely amorphous matcrial by Form I crystals. The degree 
of  crystallinity in the precipitated s:rmples is apparently a function of 
the iopanoic acid precipitation rate. 


'I'hermograms of three solid forms are reproduced in Fig. 2. Sample 
weights of Form I and of t.he amorphous form varied from 12 to 17 mg. 
hut smaller samples (7-9 mg) of Form I1  were used. Form I exhibits a 
single endothermic peak at  13.8'. The reported melting range for 
iopanoic acid is 162 1.58' (14). I'he Farm I1 thermogram has a sharp 
endothermicpeakat I:~L.gO,anexothcrmicpeakat 1.~1.2',~i)~tarnelting 
peak at 15:4..Io. The amorphous solid demonstrates a relatively small 
endothermic glass transit.ion peak at 54.9'. a hroad cxo:hwmic peak at 
9W0, and a melting peak at 1..5:1.2'. Over a two-year storage period, 
samples of hoth the amorphous form and of Form I I  underwent gradual 
transformations, which were reflected i n  minor changes in  their ther- 
mograms. 


Interpretation of the differential scanning calorinietry thermograms 
is facilitated hy observations from thermal microscopy. Form I crystals 
are needle shaped; when examined between crossed Sicols, they exhihit 
a wide color spectrum. They hegin to liquefy at 147'. and melting is 
complete at  155'. Kuhnert-Hrandstatter (1.5). who employed a similar 
technique, reported a melting range of 148.-1.55' for iopanoic acid. 


Form II  i s  plate-like and clemonstrates hircfringence when viewed 
between crossed polars. At I:{l', its crystals hegin to SOftCI1: in some 
samples, total liquefaction wcurs at 1:{5'. As the temperature is increased 
further, hirefringent. needle-like crysttils are formed. which eventually 
melt at 1.5.5'. 


The amorphous powder is extremely electrostatic, and it is difficult 
:o separate individual particles so that they can he examined micro- 
sctlpically. However, no distinct crystalline hahit can lie detected. As the 
ttmperature is increased to 50'. the centers of the particles hecotne 
somewhat translucent, so that they acquire a donut-like appearance. A t  
-80'. the outer edges 14' the particlrs also l)e(.ome traiislucent. At  >80°. 
there is virtually no change in appearance until melting occurs. So po- 
larization of colors can tie observed during the heating process. 


Scanning electron micrographs o f t  hree solid forms are illustrated in 
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Table I-X-Ray Diffraction Patterns of Iopanoic Acid Forms I 
and 11 


A 
d ,  A 1/11 1/11 


8.429 11.63 4.577 23.65 
7.608 15.54 4.235 13.99 . -~ _ _  .. 
4.344 23.46 4.160 12.69 
4.258 13.63 4.069 19.52 
4.145 100.00 3.940 16.62 
3.472 14.02 3.688 100.00 
3.046 21.55 3.590 15.38 
3.004 20.89 3.112 13.05 
2.421 15.80 2.932 13.83 
2.139 17.78 2.175 15.54 


Fig. 3. The crystalline habits of Forms I and I1 can clearly be distinguished 
in these photomicrographs. The precipitated iopanoic acid, on the other 
hand, appears to be amorphous. Even at 6000-fold magnification, there 
is no evidence of crystallinity. 


Differences in peak positions and in absorption intensities can be ob- 
served in the IR spectra of the various forms. Spectra of Form I1 and of 
the amorphous form are quite similar, with the largest difference being 
in the 910-940-~m-~ region, which is representative of carboxylic acid 
-OH out-of-plane bending (16). The two peaks a t  1211 and 1295 cm-I 
are both more intense in spectra of Forms I and I1 than in the spectrum 
of the amorphous form. These peaks have been attributed (16) to coupled 
-OH bending and C-0 stretching of the carboxylic acid dimer and to C-N 
stretching, respectively. In addition, the NH symmetric stretching fre- 
quency at  3345 cm-' can he used to distinguish Form I from the two other 
solid forms. 


Results of the calorimetric studies are collected in Table 11. The heats 
of transition were calculated from the equation: 


K ( A )  
m 


A H = -  (Eq. 1 )  


20' 40' 60' 80" 100' 120' 140' 160' 180" 
TEMPER ATU R E 


Figure 4-Effect of thermal history and presence of seed crystals on 
diffrrential scanning calorimeter thermograms for iopanoic acid. Key: 
A,  typical thrrmogram of amorphous iopanoic acid; R ,  thermogram of 
thc rcwlidified melt of the amorphous form; C ,  thermogram of the 
resolidrfird melt of the amorphous form foltowing coating in a dry ice- 
acetone mixture. 
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Figure 5-Intrinsic dissolution of Form I (A), Form I1 (m), and the 
amorphous form (@) of iopanoic acid. 


one can conclude that each is converted to Form I prior to final melting. 
However, a statistical test of the three AHf, values at the 95% confidence 
level demonstrates a significant difference between the fusion enthalpy 
of Form I1 and of the two other forms. This discrepancy can be explained 
on the basis of incomplete Form I crystallization. The temperature a t  
which the transition from Form I1 to Form I occurs is so close to the Form 
I melting point that, a t  the heating rates employed in this study, the 
transformation is incomplete when melting begins. This interpretation 
is corroborated by thermal microscopic observations. 


Figure 4 illustrates the influence that seed crystals and thermal history 
can have on the transition temperature and on the exothermic peak ob- 
served in amorphous iopanoic acid thermograms. The top curve is a 
typical thermogram for the amorphous form heated from room temper- 
ature to beyond its melting point. Obviously, no seed crystals remain in 
this sample; when it is cooled, a glass forms. Curve B demonstrates the 
thermal behavior of the glass. A change in heat capacity is observed a t  
approximately 48'; however, the typical exotherm and melt transition 


2or 
I & . . * . .  
0 2 4 6 8 1 0 1 2 "  24 '' 48 


Figure 6-Powder dissolution of Form I (A), Form 11 fm), and the 
amorphous form (0)  of iopanoic acid. 
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Table 11-Thermodynamic Data for Three Solid IoDanoic Acid Forms * 
Enthalpic Transition Type 


Endothermic Exothermic Melt 
AH, AH, AH, 


Form Temperature kcal mole-’ AS, eu Temperature kcal mole-I AS, eu Temperature kcal mole-’ AS, eu 


- 153.8’ 6.62 15.5 Form I 
f0.2’ fO.09 f0.2 


Form 11 132.6’ 4.96 12.2 141.2’ -3.61 -8.71 153.4’ 4.61 10.8 
f0.2O f0.08 f 0 . 2  SO. 1 f0.15 f0.15 f0.2’ f0.05 f O . 1  


Amorphous 54.9’ 0.662 2.02 99.9O -3.60 -9.65 153.2’ 6.85 16.1 
f0.1’ f0.079 f0.02 f0.5’ f0.09 f0.23 f0.3’ f0 .23 f0.5 


- - - - - 


Values reported represent the mean and standard error of the mean of five to eight samples. 


are not observed. When the glass is cooled in dry ice, i t  again exhibits an 
endothermic and exothermic transition, as well as the usual melting peak 
(curve C). In this case, however, the exotherm due to crystallization of 
Form I is broader and occurs a t  a higher temperature than in the original 
sample. 


The results of the intrinsic disso)ution rate studies are shown in Fig. 
5. Assuming the dissolution rate is diffusion controlled, one can describe 
the process by: 


1 d W  D 
A dt h (C, - C )  --=- (Eq. 2) 


where A is the surface area of the dissolving solid, W is the solute mass 
a t  time t ,  D is the diffusion coefficient, h is the diffusion layer thickness, 
C, is the solubility of the substance, and C is its concentration in the bulk 
solution a t  time t .  In the initial stages of the dissolution process, i.e., when 
sink conditions prevail, C, >> C, and the equation reduces to: 


1 d W - D C ,  
A dt h (Eq. 3) 


All three solid iopanoic acid forms can be characterized by the same D 
and h values. In addition, the surface area of the dissolving disk is es- 
sentially constant, so Eq. 3 may be rewritten in a simpler form: 


-- dW - kC, 
dt (Eq. 4) 


where the constant k now includes the terms A, D, and h. Integration 
from time 0 to t yields: 


W = kCst (Eq. 5) 


Thus, a plot of amount dissolved as a function of time should be linear 
for the initial dissolution stages. Intrinsic dissolution rates (LCJA) can 
be calculated from the slopes of the three straight lines in Fig. 5. They 
are 0.00739 mg cm-2 min-’ for Form I, 0.01 17 mg ruin-‘ for Form 
11, and 0.0703 mg em-* min-I for the amorphous form. So the intrinsic 
dissolution rate for Form I1 is 1.5 times greater, whereas the dissolution 
rate for the amorphous form is an order of magnitude greater than that 
of the commercially available form. 


Typical dissolution profiles for the three forms are shown in Fig. 6. The 
peak solubilities of the different forms follow the same rank order as their 
intrinsic dissolution rates, as predicted by Eq. 5. Form I1 is relatively 
stable in saturated aqueous solutions. The excess solid iopanoic acid re- 
maining in the sample containers a t  the end of a dissolution run was 
predominantly Form 11. With the amorphous form, on the other hand, 
there was appreciable conversion to Form I after only 2 hr, and conversion 
was essentially complete a t  the end of 12 hr of exposure to the dissolution 
medium. 


Aguiar and Zelmer (20) employed the saturation concentrations ob- 
tained from powder dissolution profiles to predict whether a given met- 
astable polymorph will demonstrate enhanced bioavailability. According 
to their hypothesis, differences in human absorption observed following 
administration of chloramphenicol polymorphs A and B can be explained 
on the basis of the relatively large (-774 cal mole-’) free energy difference 
between the two forms. On the basis of the much smaller free energy 
difference (-231 cal mole-’) between polymorphs I and I1 of mefenamic 
acid, the authors predicted that there would be no significant differences 
in the absorption of these two forms. Their prediction was borne out in 
subsequent in uioo tests. 


By applying the Aguiar-Zelmer hypothesis to iopanoic acid, the free 
energy difference, AC, between two solid forms (e.g., A and B) of the same 
compound can be obtained from: 


C,  Form B 
C, Form A 


AC = RT In (Eq. 6) 


Since the saturation solubility, C., of each solid form, measured at the 
same temperature, is directly proportional to its intrinsic dissolution rate, 
the dissolution rate ratio can be substituted for the ratio of solubilities 
in Eq. 6. In the case of iopanoic acid, AG,,-1,370 is -284 cal mole-’, and 
Acamorphous-I, 370 is -1390 cal mole-’. Based on these calculations, it 
seems likely that the bioavailability of Form I1 should not be appreciably 
greater than that  of Form I. In contrast, the bioavailability of the amor- 
phous form should be considerably greater than that  of the stable poly- 
morph. While many other factors affect the optimal opacification of the 
bladder, it would be of interest to determine whether these thermody- 
namic data can be quantitatively correlated with bioavailabilities of the 
three forms. 
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Abstract 0 Folic acid absorption from the lumen of the rat small in- 
testine in situ obeyed Michaelis-Menten kinetics. The values of V,,, 
and K ,  for absorption were 4.63 X M, re- 
spectively. Folic acid and methotrexate were mutual competitive in- 
hibitors of absorption. Their Ki values were 1.28 X 
M, respectively. 


Keyphrases 0 Folic acid-absorption, rat small intestine, competitive 
inhibition by methotrexate 0 Methotrexate-absorption, rat small in- 
testine, competitive inhibition by methotrexate Antineoplastic 
agents-methotrexate, absorption, rat small intestine, competitive in- 
hibition by folic acid Intestinal absorption-folic acid, methotrexate, 
competitive inhibition, rats 


y l rn in  and 1.21 X 


and 1.9 X 


Methotrexate absorption from the lumen of the rat small 
intestine in situ is a saturable process which obeys Mi- 
chaelis-Menten kinetics (1). The values of V,,, and K ,  
for this process were found to be 4.78 X Mlmin and 
1.49 X loT5 M ,  respectively. Transport of methotrexate 
into various tumor cells and normal isolated murine in- 
testinal cells in uitro has also been shown to be saturable 
(2-4). Furthermore, it was reported that folic acid uptake 
from the rat jejunum is a saturable process (5 ,6) .  Since 
folic acid and methotrexate act on the same liver enzyme 
system (7), it was of interest to determine if they are 
transported by the same transport carrier in the small in- 
testine. 


The purposes of this study were to determine the Mi- 
chaelis-Menten constants, V,,, and K,,  foi folic acid 
uptake from the rat small intestine in situ and to deter- 
mine if folic acid and methotrexate are inhibitors of one 
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Figure 1-Lineuwaver-Burk plot (10) of absorption orlocity versus folic 
acid concentration in the lumen of the rat small intestine in situ (mean 
of s i x  animals f SD). 
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Figure 2-Reciprocal of initial folic acid absorption velocity,at 1 X 1 V  
( 0 )  and 2.Fj X (+) M folic acid in the presence of 1 X 10-5; 2 X 


and 3 X M methotrexate (mean of four animals f SD). 


another's transport in the rat small intestine. 


EXPERIMENTAL 


Male Sprague-Dawley rats', 200-250 g, were kept under observation 
for 7-10 days. Food was withdrawn 16-20 hr prior to the experiments, 
but water was allowed ad libitum. The rats were weighed and anesthe- 
tized with ketamine hydrochloride2, 60 mg/kg im, and pentobarbital 
sodiumg, 21 mg/kg ip, as described previously (1). 


Isolation and cannulation of the small intestine were carried out as 
described previously (8). The intestine was washed with normal saline. 
The drug solution was instilled, and 0.1-ml samples were collected every 
5 min for 20 min. 


M stock solutions 
in 0.2% sodium bicarbonate and stored a t  4" in flasks wrapped in alu- 
minum foil. Although such solutions are stable for over 1 month (9) ,  fresh 
stock solutions were prepared weekly. Stock solutions of 3',5',9(r1)-~H- 
methotrexate sodium salt6 and of 2-'4c-folic acid potassium salt6 in water 
were prepared such that 100 pl contained 0.1 pCi of radioactivity (2 X 
lo-" M with respect to each drug). The radioactive stock solutions were 
frozen and stored in amber multidose containers under nitrogen. 


Solutions for instillation into the intestine were prepared by diluting 
the nonradioactive stock solutions to the desired concentrations with 
normal saline and adding 100 jd of the respective radioactive stock so- 
lution. Thus, the radiolabeled drugs did not add significantly to the total 
concentrations of the solutions. 


The disappearance of folic acid or methotrexate from the gut lumen 
was followed by removing 0.1-ml samples a t  5-min intervals, diluting the 


Folic acid4 and methotrexate5 were prepared as 


Charles Rivers, Wilrnington, Mass. 
Bristol Laboratories, Syracuse, N.Y. 
Abbott Laboratories, North Chicago, 111. 
Sigma Chemical Co., St. Louis, Mo. 
Lederle Laboratories, Pearl River, N.Y. 
Amersharn/Searle Corp., Arlington Heights, 111. 
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Figure 3-Reciprocal of initial methotrerate absorption velocity at 8 
X M methotrerate in the presence of 1 X 2 X and 3 X’ 


M folic acid (mean of four animals f SD). 


samples in 15 ml of scintillation cocktail 12,6-diphenyloxazole7 (4 g), 
1,4-bis[2-(5-phenyloxazolyl)]benzene7 (0.1 g), octoxyno17 (360 g), and 
toluene7 ( q . s .  to 1000 ml)l, and counting on a scintillation counters. 
Counting efficiencies were 26% for 3HH-methotrexate and 70% for 
2-1%-folic acid. 


RESULTS AND DISCUSSION 


A Lineweaver-Burk plot (10) of the reciprocal of the initial absorption 
velocity uersus the reciprocal of the initial folic acid concentration in the 
lumen of the rat small intestine in situ is shown in Fig. 1. With the 
NONLIN program (11) and a digital computerg, the data were fitted to 
(12): 


(Eq. 1) V = -  ( V,C) 
(Km + C )  


The values of V,, and K, were 4.63 f 0.3 X M/min and 1.21 f 0.21 
X M, respectively. These values were used to generate the solid line 
shown in Fig. 1. 


The V,,, values for methotrexate and folic acid (4.78 X lo-’ and 4.63 
X Mlmin) were quite similar; however, the K, values obtained in 
oioo (1.49 X M )  were significantly different. This 
result is similar to earlier work by Sirotnak and coworkers (2-4) using 


and 1.21 X 


Research Products International Carp., Elk Grove Villa e I11 . 
IBM 370/165. 


8 Model 3375, Packard Instrument Co., Downers Grove, I t . ’  


isolated cell preparations, which also demonstrated differences in K, 
with changes in chemical structure but relatively little change in V,. In 
the present work, differences in transport rate apparently were due‘also 
to differences in the affinity of the drug for the transport carrier. 


Figure 2 shows plots of the reciprocal of the initial folk acid absorption 
velocity a t  1 X M folic acid in the presence of 1 X 
2 X M methotrexate. The plot shows typical com- 
petitive inhibition. The intersection of the least-squares lines in Fig. 2 
gave a value of 1.9 X M for the Ki of the methotrexate-transport 
carrier complex (13). 


A plot of the reciprocal of the initial methotrexate absorption velocity 
a t  8 X M methotrexate in the presence of 1 X 2 X and 3 
X M folic acid is presented in Fig. 3. Since the competitive nature 
of the methotrexate inhibition of folic acid was already established, the 
method of Dixon (14) was used to determine the Ki for the folk acid- 
transport carrier complex. With the data in Fig. 3, this value was found 
to be 1.28 X low6 M .  


These results show that methotrexate and folic acid mutually inhibit 
one another’s absorption from the rat small intestine. If similar inhibition 
occurs in humans, the presence of certain foods, multivitamin prepara- 
tions, and other sources of relatively large amounts of folic acid may 
significantly decrease the oral absorption of therapeutic methotrexate 
doses. Furthermore, oral methotrexate administration in frequent small 
doses may significantly decrease oral folk acid absorption from natural 
sources, resulting in an increase in the therapeutic activity and/or toxic 
side effects of methotrexate. 


and 2.5 X 
and 3 X 
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p-Renramidophrnyl Ester of Dinoprostone ( Vk)-A solution of 260 
mg (0.74 mmole) of I in 20 ml of dry acetone was treated with 0.206 ml 
(1.48 mmoles) of triethylamine. While under a positive nitrogen atmo- 
sphere, the solution was cooled to -So, and 0.194 ml (1.47 mmoles) of 
isohtyl  chlorocarbonate was added. Rapid crystallization of triethyl- 
amine hydrochloride occurred. After 3 min at  -So, a solution of 0.8 g (3.76 
mmoles) of p-benzamidophenol in 8 ml of dry pyridine was added. 


After 3 hr at  room temperature, the solvent was removed under vacuum 
a t  45”, and the resulting oily residue was purified by column chroma- 
tography ctn 80 g of silica gel. Elution was achieved with 150 ml of ethyl 
acetate followed by acetonitrile. TLC showed the product was in tubes 
25-30 (1.5 ml each); upon solvent removal under vacuum a t  45’, a white 
solid was obtained. The product was dissolved in 20 ml of tetrahydrofuran 
and diluted with 20 ml of hexane, affording 269 mg of white crystals, mp 
132.8-135.0°, after drying under vacuum a t  50’. The product was pure 
by silica gel TLC with ethyl acetate as the developing solvent. 


Anal.-Calc. for C ~ J H ~ L N O ~ :  C, 72.37; H, 7.55; N, 2.56. Found C, 71.95; 
H, 7.34; N, 2.55. 


Mass spectral analysis showed a peak at  m/e 529 corresponding to M+ 
- H20, and the fragmentation pattern supported the structure. 


The other I Cl-esters were synthesized by similar methods. 
Biological Assays-Hamster Antifertility-The esters were evalu- 


ated for their ability to inhibit pregnancy in adult female hamsters, as 
reported previously (21 ). The compounds were administered suhcuta- 
neously in 0.5 ml of a vehicle containing 30% ethanol and 70% physio- 
logical saline. (In some cases, the ethanol concentration was increased 
slightly to achieve dissolution.) The solutions were stored a t  - 3 O O  until 
used. The ester doses were equivalent to 200 pg of Vanimal unless oth- 
erwise indicated. The minimum I dose giving 100% pregnancy inhibition 
was 200 pg. The percentage inhibition of pregnancy was determined from 
the number of animals pregnant in a six to 12 animal group. 


Isolated Gerbil Colon-The male gerbil ascending colon was used to 
evaluate smooth muscle stimulating activity, as previously described (21). 
Generally, two colons were used for each test. The response to 3.2 and 
10 ng/ml of prostaglandin El was obtained, and increasing ester con- 
centrations were tested until a response was obtained between the two 
standard concentrations. The standard concentration to test concen- 
tration ratio was calculated, and the activity was expressed as the range 
of these two ratios. 


Raf Blood Pressure --Direct blood pressure measurement was made 
from a common carotid artery of anesthetized, mature female rats as 
described previously (21 ). Generally, only one rat was used for each test. 
The depressor response of 1 and 3.2 pg/kg of prostaglandin El was de- 


termined following intravenous administration, and increasing test 
compound doses were administered intravenously until a response was 
obtained between the two standard doses. Activity was expressed as in- 
dicated for the gerbil colon. 
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Abstract D A new method for synthesizing C1-aliphatic esters of dino- 
prost and dinoprostone without using hydroxyl protective groups is de- 
scribed. Reaction of the prostaglandin with an alkyl halide in the presence 
of‘ the sterically hindered amine N,N-diis,opropylethylamine proceeds 
smoothly to give CI-esters in various solvents at ambient or slightly ele- 
vated temperatures. Polar solvents were strongly catalytic, and even the 
hindered terf -hutyl esters were synthesized by employing solvents such 
as dimethylformamide or dimethyl sulfoxide. Biological evaluation in 


the hamster antifertility assay showed that some esters maintained high 
hioactivity. 


Keyphrases 0 Prostaglandins-prodrugs, dinoprost, dinoprostone, 
Cl-aliphatic esters, synthesis, biological activity 0 Prodrugs-dinoprost 
and dinoprostone, C1-aliphatic esters, synthesis, biological activity 0 
Dinoprost-prodrugs, C1-aliphatic esters, synthesis 0 Dinoprostone- 
prodrugs, Cl-aliphatic esters, synthesis 


The conversion of prostaglandins to C1-methyl esters 
has resulted in increased or more rapid intestinal absorp- 
tion (1,2), as well as in greater potency following intrave- 
nous administration (3). Since few prostaglandin C1-ali- 
phatic esters have been reported, various aliphatic esters 


of dinoprost (I) and dinoprostone (11) were spthesized for 
evaluation of their utility as prodrugs in continuation of 
our effort on prostaglandin prodrugs (4). 


The s N 2  reaction of inorganic metal salts of carboxylic 
acids and alkyl halides produces C1-dkyl esters (5), but the 
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Table I-Physical Constants and  Biological Activity of Prostaglandin C1-Esters 
~~ 


Hamster 
Antifertility 


Characteristic Mass Spectra Assay 
Ions (rn/eba Percent Dose, 


Com- Halide Melting M+ M+ M+ M+ Non- pg/ani- 
pound C1-Ester Used Conditions Formula Point M+ - 15 -31 -71 -90 pregnant mal,sc 


1110 . 
IIIb 


I I I C  


IIId 


IIIe 


IIIf 


IIIg 


IIIh 


IIIi  


I I I j  


IIIk 


1111 


IVO 


IVb 


IVC 


IVd 


IVe 


IVf 


IVg 


IVh 


IVi 


-CH3 Iodide 


-C2H5 Iodide 


-n-C3H7 Iodide 


-iso-C3H, Bromide 


-n-C4H9 Iodide 


-iso-C4Hg Iodide 


-sec-C4Hg Iodide 


-CH(CzH& Iodide 


-n-C6H13 Bromide 


-n-CloH21 Iodide 


- C H p C & +  Bromide 


- C H p  Bromide 


-C2H5' Iodide 


-n-C3H7 Iodide 


-iso-CsH7 Bromide 


-n-CdH~f Iodide 


-sec-CdHg Iodide 


CsH4-p-NOz 


-tert-CdHg Iodide 


-n-CloHslf Iodide 


-CH2-C6F5 Bromide 


-CHz- Bromide 
C&-p-N02 


Acetonitrile, room 
temperature, 1 hr 


Dimethyl sulfoxide, room 
temperature, overnight 


Acetonitrile, room 
tern erature, overnight 


Dimetiyl sulfoxide, 50°, 
4 hr 


Dimethyl sulfoxide, room 
temperature, overnight 


Dimethyl sulfoxide, room 
temperature, overnight 


Dimethyl sulfoxide, room 
temperature, overnight 


Dimethyl sulfoxide, room 
temperature, overnight 


Dimethyl sulfoxide, room 
temperature, overnight 


Acetonitrile, room 
temperature, 32 hr 


Acetonitrile, room 
temperature, overnight 


Acetonitrile-dimethyl 
sulfoxide, room tempera- 
ture, 3 hr 


Dimethyl sulfoxide, room 
temperature, 3 hr 


Acetonitrile, room 
temperature, 24 hr 


Dimethyl sulfoxide, room 
temperature, 24 hr 


Acetonitrile, room 
temperature, 24 hr 


Acetonitrile-dimethyl sulf- 
oxide (kl) ,  room 
tem erature, 24 hr 


Dimetiyl sulfoxide, 40°, 
3 hr 


Acetonitrile, room 
temperature, 24 hr 


Acetonitrile-dimethyl sulf- 
oxide (l:l), room 
temperature, 1 hr 


Acetonitrile-dimethyl sulf- 
oxide (2:1), room 
temperature, 3 hr 


Liquid 


Liquid 


Liquid 


Liquid 


Liquid 


Liquid 


Liquid 


Liquid 


Liquid 


43.5-44.0Dd 


Liquid 


Liquid 


-c 


598 


612 


612 


626 


626 


626 


640 


654 


-e 


660 


705 


- 


583 


597 


597 


61 1 


61 1 


611 


- 


639 


- 


545 


690 


- 


508 


54 1 


54 1 


555 


555 


555 


569 


583 


- 


589 


634 


- 


493 


522 


522 


536 


536 


536 


550 


564 


- 


570 


615 


C22H3605 Liquid 553 538 522 482 463 


C23H3805 Liquid 567 552 536 496 477 


C23H3806 Liquid 567 552 536 496 477 


C24H4005 Liquid 581 566 550 510 491 


C24H4005 Liquid 581 566 550 510 491 


C&& Liquid 581 566 550 510 491 


C30Hy205 44.9-47.30d 636 621 - 565 546 


C27H33F505 50.8-51.80d 676 661 - 605 586 


C27HsjN07 40.0-45.0°d 660 645 629 589 - 


100 


I00 


83 


83 


100 


40 


67 


33 


33 


83 


100 


- 


83 


66 


100 


100 


100 


17 


17 


17 


20 


100 


50 


50 


50 


1000 


100 


100 


100 


100 


200 


1000 


- 


1000 


1000 


200 


1000 


1000 


100 


200g 


100 


100 


a Conducted on the trimethylsilyl derivatives of the I1 esters and on the trimethylsilyl-methoxime derivatives of the IV esters unless otherwise indicated. The minimum 
effective doses for 100% pregnancy inhibition are 100 pg of Uanimal and 200 pg of IUanimal. The dose is stated as the equivalent amount of the parent prostaglandin. 
c Characterized by silica gel TLC and GLC as identical to authentic I methyl ester prepared by diazomethane (13). Compound crystallized upon storage in a freezer. 


Mags spectral analysis w&s conducted on nonderivatized ester. Key fragmentation pattern: m/e 476 (M+ - la), 458 (M+ - 36), and 405 (M+ - 18 - 71). Prepared previously 
by the diazoalkane route (8). 8 Administered in 95% ethanol. Compound was inactive in the standard vehicle. 


reaction generally is slow due to the use of a heterogeneous 
medium. A recent communication reported that prosta- 
glandins could be converted rapidly to C1-p-nitrophenacyl 
esters by reaction of the prostaglandin with p-nitro- 
phenacyl bromide in the presence of a small excess of the 
sterically hindered amine N,N-diisopropylethylamine (6). 
The competing quaternary ammonium side reaction be- 
tween this sterically hindered amine and the phenacyl 
halide was slower than the esterification reaction, thereby 
allowing successful phenacyl ester formation. 


This report shows that prostaglandin C1-aliphatic esters 
can be synthesized rapidly at ambient or slightly elevated 
temperatures using the prostaglandin, N,N-diisopro- 
pylethylamine, and an alkyl halide in a suitable solvent. 


RESULTS AND DISCUSSION 


Synthesis-The general method for synthesizing the aliphatic I and 
I1 C1-esters involved reaction of the parent prostaglandin in a suitable 


solvent with a 3-10-mole alkyl halide excess in the presence of a 2 4 m o l e  
N,N-diisopropylethylamine excess (Scheme I). 


The reaction was monitored by silica gel TLC, and greater than 90% 
esterification generally occurred with the linear alkyl halides in 1-24 hr 
a t  room temperature; in some cases, mildly elevated temperatures 
(40-50') were employed. Polar solvents showed a remarkable catalytic 
effect as illustrated by the facile synthesis of the tert-butyl I1 ester. Re- 
action of I1 in dimethyl sulfoxide with tert-butyl iodide and N,N-diiso- 
propylethylamine gave about 7Wof the tert-butyl ester in 3 hr a t  40'. 
as evidenced by silica gel TLC; in acetonitrile, about a 10% reaction oc- 
curred in the same time period. 


Esterification of I1 in polar solvents generally gave a small amount 
(<101()) of a side product slightly less polar than the desired C1-ester (IV). 
The by-product subsequently was removed by column chromatography 
and was identified tentatively as the I1 8-is0 CI-ester since the I1 8-isomer 
is slightly less polar than I1 by silica gel TLC. Previously, it was shown 
that prostaglandin El undergoes isomerization a t  Cs under mildly basic 
conditions (7). Presumably, the excess amine in the esterification medium 
was responsible for isomerization of either I1 or the resulting CI-ester. 
Indeed, in the absence of an alkyl halide, treatment of I1 with a 3-20-mole 
excess of N,N-diisopropylethylamine in dimethyl sulfoxide or dimeth- 
ylformamide gave about 5% of the I1 8-isomer in 24 hr at  room tempera- 
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Scheme I 
ture. The 11 8-isomer was identified by TLC in comparison with the au- 
thentic compound. 


No 11 isomerization occurred in acetonitrile under the same conditions, 
in accord with similar observations reported previously (6). 


Excepting the branched esters, the crude ester yield as shown by TLC 
generally was quantitative with I and about 90% with I1 due to formation 
0 1  by-products. The esters were purified by conventional column chro- 
matography using silica gel, and purity was verified by TLC. Table I lists 
the esters synthesized along with some of the mass spectral fragment ions 
observed. The only esters isolated as crystalline solids were the n-decyl 
esters (IVg and 111;). the pentafluorobenzyl ester (IVh), and the p-ni- 
trohenzyl ester (IVi). 


The simplicity of the alkyl halide esterification method makes it an 
attractive alternative to previous methods that employed diazoalkanes 
( 8 ) ,  N,N-dicyclohexylcarbodiimide (9), dimethylsulfate (lo),  and acid 
chloride-carboxyl activation (1 1). 


Biological-Preliminary prostaglandin C1-ester screening in the 
suhcutaneous hamster antifertility assay showed that all compounds were 
active in the range of 50-1000 fig (weight basis)/animal (Table I). Some 
of the esters, such as the isopropyl ester (IIId), appeared to be more active 
than I,  for which the minimal effective dose for 100% inhibition of preg- 
nancy was 100 pg/animal. 


Initial evaluation of orally administered ethyl ester (II lb)  and propyl 
ester (IIIc) in hamsters showed that both esters gave 33% inhibition of 
pregnancy at  500 pg/animal, but I was ineffective in inhibiting pregnancy 
a t  this dose. The results indicate improved oral absorption. 


EXPERIMENTAL 


Materials and Methods-The purity of I’ and 11’ was verified by 
silica gel T1.C using ethyl acetate-acetic acid (97:3). The alkyl halides 
were obtained commercially*. All solvents were glass-distilled 
quality’. 


Column chromatography was conducted on 0.063-0.2-mm silica gel4. 


1 Supplied by the Research Division, The Upjohn Co. 
2 Aldrich Chemical Co., Milwaukee, Wis., and Eastman Kodak Co.. Rochester, 


3 Hurdick & .Jacksc~n, Muskegon. Mich. 
4 Silica gel 60, EM Lahoratories, Inc., Elmsford, N.Y 


N.Y. 


Silica gel TLC was conducted on 250-pm layer plates5, and visualization 
was achieved by spraying the developed plates with aqueous 15% am- 
monium sulfate followed by charring on a hot plate. The mass spectra6 
of the I esters were obtained after conversion to the trimethylsilyl de- 
rivatives using a mixture of bis(trirnethylsily1)acetamide-trimethyl- 
chlorosilane-hexamethyldisilazane-pyridme (1:1:1:3). The I1 eaters were 
converted initially to the Cg-methoxime derivatives by reaction of -1 mg 
of the ester with 0.2 ml of a saturated solution of hydroxylamine hydro- 
chloride in pyridine for 6 hr at 50’. The methoximation reaction mixture 
was treated with 0.5-1 ml of the silylating mixture followed by mass 
spectral analysis. 


Ester Synthesis-Representative examples of the methods for syn- 
thesizing C1-esters are given here. All other esters were synthesized by 
similar procedures. 


Dinoprostone Ethyl Ester (1Va)-A solution of 181 mg of I1 in a 
mixture of 2 ml of dimethyl sulfoxide, 0.2 ml of N,N-diisopropylethyl- 
amine, and 1 rnl of ethyl iodide was allowed to stand at room temperature 
for 3 hr. Silica gel TLC (ethyl acetate-acetic acid, 97:3) showed greater 
than 95% conversion of I1 to the less polar ester. The solution was diluted 
with 100 ml of ethyl acetate and extracted with 100 ml of aqueous 3% 
citric acid, and the organic phase was dried with Sodium sulfate. After 
solvent removal a t  40’ under vacuum, the brown oily residue was chro- 
matographed over 50 g of silica gel with ethyl acetate-methanol (99:l) 
as the eluant. The product fractions were identified by silica gel TLC. 
After solvent removal, 75 mg of a colorless oil was isolated. 


Dinoprost Benzyl Ester (Illk)-A solution of 116 mg of I in a mixture 
of 0.2 ml of N,N-diisopropylethylamine, 0.3 ml of benzyl bromide, and 
3 ml of acetonitrile was stored at room temperature overnight. Silica gel 
TLC (ethyl acetate-acetic acid, 923) showed quantitative esterification. 
After extraction and column chromatography as for IVa, 85 mg of a col- 
orless oil was isolated. 


Biological: Hamster Antifertility Assay-The esters were evaluated 
for their ability to inhibit pregnancy following subcutaneous injection 
in adult female hamsters in estrus as reported previously (4, 12) using 
an ethanol-physiological saline (3:7) vehicle. 
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Abstract A physical model approach to the topical delivery of a 
vidarabine ester prodrug was investigated. It involved modeling, theo- 
retical simulations, experimental method development for factoring and 
quantifying parameters, and, finally, employment of the deduced pa- 
rameters to determine the steady-state species fluxes and concentration 
profiles in the target tissue. The present report describes the physical 
modeling and theoretical simulation aspects. The physical model for the 
simultaneous transport and bioconversion of a topically delivered prodrug 
was formulated assuming homogeneous enzyme distributions and con- 
stant diffusivities in the membrane. The mathematical problem was 
solved, and the solution yielded concentration profiles and fluxes of all 
species in the biomembrane. These results provided the prevailing levels 
of the prodrug, the drug, and the metabolite a t  the target site and the 
transport rates of all species into the bloodstream. Computations of 
concentration profiles and fluxes were carried out for a reasonable range 
of the parameters. The relative activities of the esterase and the deami- 
nase enzymes, as well as the stratum corneum permeabilities, were im- 
portant in influencing the concentration profiles and fluxes of all 
species . 
Keyphrases Vidarabine valerate prodrug-topical dosage forms, 
physical models, pharmacokinetics Antiviral agents-vidarabine 
valerate prodrug, topical dosage forms, physical models, pharmacoki- 
netics Prodrugs-vidarabine valerate, topical dosage forms, physical 
models, pharmacokinetics Models, physical-vidarabine valerate 
prodrug, topical dosage forms, mouse skin Pharmacokinetics- 
vidarabine valerate prodrug, topical dosage forms, physical models 


A physical model that described simultaneous drug 
transport and bioconversion across the skin was reported 
recently (1). The model treated the skin as a two-ply 
laminate composed of the stratum corneum and the viable 
epidermis. Only the epidermis was assumed to contain 
enzymes responsible for metabolism; for mathematical 
simplicity, the enzyme distribution was assumed to be 
homogeneous. Two theoretical situations were investi- 
gated. In one, the stratum corneum was considered im- 


permeable to the drug and the drug was allowed to pene- 
trate from the dermis side of the epidermal membrane. In 
the other, the stratum corneum was assumed to be per- 
meable and the drug penetrated the stratum corneum from 
the stratum corneum side of the tissue and then permeated 
the metabolizing epidermis. Preliminary experimental 
transport studies (2) on vidarabine (9-P-D-arabin- 
ofuranosyladenine, I) were conducted using full thickness 
hairless mouse skin. The metabolic rate constant was 
calculated for the first case from the rate of change in the 
drug concentration on the dermis side. 


The present report describes the results of a more 
comprehensive investigation dealing with the physical 
model approach for the delivery of therapeutically active 
drugs in the skin, with emphasis on the simultaneous 
transport and bioconversion for the system: prodrug - 
drug - metabolite. 


BACKGROUND 


Compound I has broad-spectrum activity against DNA viruses (3-6) 
including the herpes simplex virus type I, which is the cause of recurrent 
herpes labialis (“cold sores”). When applied topically for the treatment 
of herpetic skin infection in the hairless mouse, the drug was ineffective, 
which was attributed to poor transepidermal penetration (7). When in- 
jected intradermally, I improved the course of the infection (8). Recent 
in uitro studies (2) of hairless mouse skin mounted in a diffusion cell 
found the stratum corneum to be relatively impermeable to I, in support 
of earlier observations by Fondak et al. (7). 


Compound I has many suboptimal properties (9) including low aqueous 
solubility [0.5 mg/ml at  25’ and 1.8 mg/ml at  37O (5)], low lipophilicity 
(log partition coefficient in n-pentanol-water of -0.48)’, and rapid 


’ Dr. David C. Baker, Department of Chemistry, University of Alabama, Uni- 
versity, AL 35486, personal communication. 
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Figure 1-Cross-section of hairless mouse skin (1040X magnification). 
Key: S.C., stratum corneum; derm., dermis; and epi., epidermis. 


conversion to 9-fl-D-arabinofuranosylhypoxanthine (11) by adenosine 
deaminase (10-17). While the metabolite possesses antiviral activity, it 
is about one-thirtieth as potent as I (18-20). Because of these short- 
comings, I appeared to be a good candidate for the prodrug approach. 


Vidarabine-5’-valerate (111) is an example of a model prodrug of I. 
Although preliminary experiments (2) indicated that the stratum cor- 
neum is almost impermeable to I, this barrier might be overcome by the 
5’-ester prodrug. Because of its increased lipophilicity, this prodrug might 
penetrate the lipoidal stratum corneum more readily. After passing 
through the stratum corneum, the prodrug may be converted by esterase 
into the parent drug, which subsequently may be degraded by deaminases 
located in the viable cutaneous tissue. Since back-diffusion of I and I1 
a c m s  the stratum may be negligible, a relatively high buildup of these 
species may result in the cutaneous tissue, depending on the ratio of the 
activities of the two enzymes. 


In’ the case of topical I therapy for herpes simplex virus infection, it 
is believed that the higher the concentration of I in the target tissue, the 
more effective is the therapy. An appropriately designed prodrug may 
be able to achieve both a high stratum corneum permeability and good 
access to esterase activity, both of which lead to an enhanced bioavail- 
ability2 compared to the parent drug. 


For quantitative assessment of the efficacy and possible consequences 
of side effects, however, the mathematical problem of the simultaneous 
diffusion and enzyme reactions must be solved. The solution to this 
problem yields directly the concentration profiles of all species in the skin 
as well as the fluxes for all species. The former provides the prevailing 
levels of the prodrug, drug, and metabolite in the target sites; the latter 
yields a direct measure of the rate of prodrug, drug, and metabolite 
transport into the bloodstream. 


THEORY 
Considerations in General Model Development-A cross section 


of the hairless mouse skin used as the model is shown in Fig. 1. It consists 


* In this study, prodrug bioavailability was defined as the topically available 
concentration of the parent drug in the cutaneous tissue. 


HO 
I: R =  NH,, R = H 


11: R = OH, R = H 
111: R = NH,, R = CH,(CH,),CO 


of the stratum corneum (-50 pm thick); the epidermis, which is ap- 
proximately a layer or two of cells; and the dermis, which contributes most 
of the skin thickness. Accordingly, a model treating the skin as a two-ply 
laminate composed of a metabolically inactive stratum corneum and a 
metabolically active cutaneous tissue (epidermis and dermis) was for- 
mulated. 


Homogeneous enzyme distribution will be assumed here for mathe- 
matical simplicity, while the more general case of nonhomogeneous en- 
zyme distribution will be discussed in another report (21). 


General Model Description-The physical model for the simulta- 
neous diffusion transport and bioconversion of the prodrug, 111, in the 
skin is shown in Fig. 2. It consists of a two-ply biomembrane composed 
of the stratum corneum of thickness s and the cutaneous tissue (epidermis 
and dermis) of thickness m followed by a blood sink. The following as- 
sumptions were made: 


1. The relevant enzymes are homogeneously distributed in the cuta- 
neous tissue and are not present in the dead stratum corneum tissue. 


2. The stratum corneum is essentially permeable to the highly lipo- 
philic prodrug and serves as a relatively natural barrier preventing the 
backflow of the more hydrophilic parent drug and its metabolite. 


3. The enzyme reactions in the cutaneous tissue are simple, sequential 
first-order and irreversible reactions of prodrug - drug - metabolite 
(Scheme I): 


ki ki 
111 --*.I --L I1 


scheme I 


4. Diffusivities of all species are independent of distance within the 


5. Steady-state conditions prevail. 
Steady-State Flux and Concentration-Distance Expressions- 


FV = Psc[V(-s) - V(0)I (Eq. 1) 


where Fv is the flux across the stratum corneum per unit area, P,, is the 
permeability coefficient of the stratum corneum, and V(-s) and V(0) 
are the prodrug concentrations a t  x = -s and 0, respectively. 


The changes in concentrations of the prodrug, drug, and metabolite 
with distance x for 0 I x I m in the cutaneous tissue are described 
by: 


viable cutaneous tissue. 


The flux of the prodrug in the stratum corneum is: 


d2V 
dx D v 7 -  k l V =  0 


where V, A, and H are the concentrations of the prodrug, drug, and me- 
tabolite, respectively; Dy, DA, and DH are the diffusion coefficients in 
the cutaneous tissue; and k 1 and k2 are the apparent first-order rate 
constants for the 111 - I and I - I1 reactions, respectively. 


These expressions can be rewritten as follows: 
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Figure 2-Physical model for topical prodrug delivery in skin. Key: M, 
viable epidermis and dermis; S, stratum corneum; Fv, prodrug flux; and 
s and m, thickness of stratum corneum and epidermis-dermis layers. 


where: 
Ki = 


Kz= d&Z 
The boundary conditions are: 


~ H f l  x-0 = O  (Eq. 12) 


The last two conditions account for the absence of back-diffusion of 
species A and H across the stratum corneum. Because sink conditions 
are assumed, it follows that: 


V = A = H = O  (Eq. 13) 
a t x  = m. 


However, the results are: 
The details of the solutions to Eqs. 5-7 are given in the Appendix. 


V ( x )  = -/3 sinh Kl(m - x)  (Eq. 14) 


A(x) = w sinh Kz(m - x )  


+' - - [sinh Kl(m - x)] (Eq. 15) ((R: K d  


) (5) [sinh Kl(m -I)]] (Eq. 16) 
( ( K :  - KE)K? DA 


+ 
where (0 5 x 5 m), (K1 # Kz), and: 


(Eq. 17) [- V(-s )I (P8C) 
= DvKl cosh Klm + Pa, sinh Klm 


Since A(x) and H ( x )  in Eqs. 15 and 16 must be bounded for physical 
reasons, it is required that K1# K2; otherwise, A(x) and H(x) will go to 
infinity. 


In the case of K1 = K2 = K: 


] (Eq. 19) B DV sinh K(m - x )  + (Kx)[cosh K(m - x)] 
A(%) = (- -)(-) 2 DA [ -(Km)(sechKm)(coshKx) 


1 -B DJ -3 sinh K(m - x )  + (Km)(sech Km)(cosh K x )  H ( x ) = ( - ) (  ) [  2 DA -(Kx)[cosh K ( m  - x ) ]  + 2K(m - x)(cosh Km) 
(Eq. 20) 


The fluxes of all species per unit area a c r w  the membrane system (Fig. 
2) are readily found by evaluating the derivatives of Eqs. 14-16,19, and 
20 at x = m. Thus (see Appendix): 


Fv = -/3DvKi (Eq. 21) 


0.00 0.01 0.02 0.03 ~ 0.04 
THICKNESS, cm 


Figure 3-Effect of III permeability across the stratum corneurn on 
the concentration-distance profiles of III and I. Key: 0, prodrug; and 
A, drug (K1= K2 = 163 cm-l). Solid lines denote the case of P, = 1 X 
10-2cmIsec; dotted lines denote the case of P, = 1 X cmlsec. 


FA = -- BK2mDv tanh Km (K1= K2 = K) (Eq. 23) 2 


FH = * (coah K2m - 1) 
K2 


+ ( Bk2 ) (&) (coeh Klm - 1) (K1 # K2) (Eq. 24) 
( K T - K M i  DA 


F H =  ( -- 'y) (2) [2 cosh Km 


- ( K m )  tanh Km - 21 (K1= K2 = K) (Eq. 25) 
As can be seen in these equations, the concentration-distance ex- 


pressions and fluxes are functions of membrane thickness, enzyme rate 
constants, prodrug donor concentration, species diffusivities in the cu- 
taneous tissue, and the prodrug permeability coefficient in the stratum 
corneum. 


THEORETICAL SIMULATIONS AND DISCUSSION 


Computations were carried out for a reasonable range of parameter 
values (Table I). The stratum corneum permeabilities for 111 were arbi- 
trarily chosen. The thickness of hairless mouse skin, used as the model 
skin, was determined previously to be 0.04 cm. The epidermia-dermis 
diffusivities of the prodrug, drug, and metabolite species were equated 
to 1.0 X loA6 cm2/sec, which seems reasonable for drugs in tissues. 


The apparent rate constant3, kz, for the I metabolism by deaminases 
was taken to be 2.66 X sec-l. The values of the k l  rate constant for 
the cleavage of 111 by esterases were varied arbitrarily to demonstrate 
the effect of esterase activity on bioavailability. Equations 14-20 were 
used to obtain the concentration-distance profiles, and Eqs. 21-25 were 
used to estimate the fluxes. Computations centered about the stratum 
corneum permeability, Pa,, and the K1 parameter, which is indicative 
of the esterase activity on the prodrug, since these phenomenological 
constants are considered to be the principal determinants in bringing 
about effective prodrug delivery in the dermis and concomitant high 
concentrations of the active species. 


Figure 3 shows the effect of the Pa, of I11 on the concentration-diatance 
curves of I11 and I. A higher Pa, leads to a higher I concentration in the 
dermis. Beyond the first 50-pm depth in the dermis, the I concentration 
buildup is higher than its precursor for both high and low stratum cor- 
neum permeability cases. Since the stratum corneum is relatively im- 
permeable to topically applied I and since the I that enters the dermis 
is metabolized by deaminases, the prodrug approach allows for the ad- 
vantageous buildup of I in the cutaneous tissue. 


3 This value of 2.66 X sec-' was obtained from preliminary in uitro kinetic 
studies of I in homogenates of hairless mouse skin. 
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Table I-Constants Used in Theoretical Computations Including the Calculated Fluxes of the Prodrug, Drug, and Metabolites a 


Psc, Flux, moles/sec All Concentration- Ki, K2. 
cm-1 cm-1 cmlsec I11 I I1 Species Distance Profile 


163 163 1 x 10-2 4.2 x 10-13 1.4 X 1.4 X 1.42 X 10-lo Fig. 3 
163 163 1 x 10-4 1.6 x 10-13 0.53 X 0.55 X 0.56 X Fig. 3 
54.5 163 1 x 10-4 7.2 X 0.89 X 0.24 X 0.32 x 10-lo Fig. 4 


49n.5 163 1 x 10-4 4.5 x 10-19 0.25 x 10-l2 0.75 x 10-lo 0.75 X 20-1° Fie. 4 


a V ( - s )  = 9 X lo-' M ;  Dv = DA = DH = 1 X 
X lo-* sec-l when K ,  = 490.5; and k z  = 2.66 X 


cm2/sec; rn = 0.04 cm; kl  = 2.66 X 10-2 sec-l when K 1 =  163 cm-l; kl  = 0.3 X 
sec-l when K 2  = 163 cm-'. 


sec-1 when K1 = 54.5; k l  = 24.1 


The relative influence of esterase and deaminase activities on the tissue 
concentrations is shown in Fig. 4. When the esterase activity ( k l  = 24.1 
X sec-l) is nine times higher than the deaminase activity (k2 = 2.66 
X sec-l), the overall tissue concentration of the active parent drug 
is markedly enhanced. Despite the unfavorable situation where the es- 
terase activity is nine times smaller than the deaminase activity, the 
prodrug delivery system is still better than the parent drug itself since 
the stratum corneum is almost impermeable to I. 


In all of the cases shown in Figs. 3 and 4, the stratum corneum per- 
meability is the dominant factor affecting the prodrug and parent drug 
levels in the dermis. From the standpoint of overall prodrug design for 
I, ester prodrug lipophilicity should be optimized to improve stratum 
corneum permeability, but lability to cleavage by esterases and enzymatic 
deamination of the parent drug are also important. Thus, methods for 
assessing relevant enzymic activities in the skin become an important 
issue in evaluating prodrug bioavailability for topical delivery. Theoretical 
and experimental studies to assess quantitatively the in situ activities 
of esterases and deaminases in skin are in progress. 


The fluxes of all three species that enter the bloodstream are direct 
measurements of potential toxicity. Table I shows that the total flux of 
all three species is a function of both stratum corneum permeability and 
enzyme activity. At constant enzyme activities, an increase in stratum 
corneum permeability results in an increase in the total flux. With the 
same stratum corneum permeability, an increase in esterase activity is 
accompanied by an increase in the total flux. Although a higher stratum 
corneum permeability and a greater esterase activity are favorable factors 
for a higher active species level in the skin, the accompanied elevation 
of total flux could mean higher systemic toxicity. From the therapeutic 
viewpoint, bioavailability and toxicity are both important. The com- 
promise between the bioavailability factors (stratum corneum perme- 
ability and esterase activity) and toxicity factor (total flux) becomes one 
criterion for designing a successful prodrug. 


Bioavailability of topically applied I11 can be assessed readily on a 
quantitative basis when the concentration-distance profiles (Fig. 3 or 
4) are known. For example, the theoretical results in Fig. 4 focus attention 
on the concentration of the therapeutically active vidarabine species 


'p 0.75 


X 


THICKNESS, cm 
Figure 4-Effect of esterase and deaminase activities on the concen- 
tration-distance profiles of III and I. Key: 0,  prodrug; and A, drug (Psc 
= 1 X lO-4cmlsec). Solid lines denote the case when K1 = 54.5 cm-l 
and K2 = 163cm-l;dotted lines denote the case when K 1 =  490.5 cm-l 
and Kz = 163 cm-l. 


within the first 10 Mm of the tissue (epidermis) where the herpes simplex 
virus is believed to proliferate in cold sores. The I concentration is -40% 
of the topically applied prodrug concentration. In contrast, the available 
I level is only 6% of the applied prodrug level when the esterase activity 
is less than the deaminase activity. As indicated in Fig. 3, the bioavail- 
ability of I is 50% in the high stratum corneum permeability case and 2Wo 
in the lower permeability situation. 


APPENDIX MATHEMATICAL SOLUTIONS TO SKIN 
TRANSPORT MODEL (Fig. 2) 


Flux of Prodrug across Stratum Corneum-The steady-state flux 
per unit area, Fv, of the prodrug within the stratum corneum is given by 
Fick's law: 


(Eq. A l l  


where the subscript sc refers to the stratum corneum region. The other 
terms are self-explanatory. If it is assumed that the partition coefficients 
of the prodrug for stratum corneum-water and stratum corneum-cuta- 
neous tissue are the same: 


Dsc 
hsc 


FV = -[Vsc(-s) - Vsc(0)I 


(Eq. A2) 


then the flux becomes: 


Fv = pSc[V(-s) - VCO)] (Eq. A3) 


where the permeability coefficient is: 


Cutaneous Concentration-Distance Expressions for Prodrug- 
To begin, Eq. 5 is employed: 


-= d2V KfV 
dx (Eq. A5) 


with K1 = a. The general solution is: 


V(x) = C1 sinh Klx + Cp cosh Klx (0 5 x 5 m )  (Eq. A6) 


where C1 and Cp are the integration constants. By applying the stratum 
corneum-cutaneous interphase transfer and sink boundary conditions, 
1.e.: 


(Eq. A7) 


and: 


V = O  a t x = m  (Eq. A8) 


to Eq. A5, the integration constants are: 


(Eq. A91 
-[V (-s)](P,, coshKlm) c, = DvKl cosh Klm + P,, sinh Klm 


and: 


(Eq. A101 [V(-s)](P,, sinh Klm) 
DvKl cosh Klm + Psc sinh Klm 


c2 = 


Thus, the particular solution is: 
V(x) = -p  sinh Kl(m - x )  (Eq. All) 


where: 


(Eq. A12) [- V(-s)I(Psc) 
= DvKl cosh Klm + P,, sinh Klm 


Cutaneous Concentration-Distance Expressions for Drug: Case 
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and: of KI # K r T h e  solution to Eq. 6 is sought. With Eq. 14 (or A12), the 
equation becomes: 


[sinh Kl(m - x)]  (Eq. A13) 
dx 


with K2 = a. This nonhomogeneous equation is conveniently 
solved by the method of undetermined coefficients. The homogeneous 
solution is: 


(Eq. A14) A ( x ) h  = C1 sinh Kzx + C2 cosh Kzx (0 S x I m) 


whereas the particular solution is: 


A(x),  = ((3) [sinh Kdm - x)] (Eq. A15) 


where C1, Cp, and C3 are arbitrary constants. In finding Cz,  the first and 
second derivatives of Eq. A15 are taken and applied to Eq. A13, where- 
upon: 


!A) 


1 c3 = - 
K? - K; 


(Eq. A16) 


The general solution, which is the sum of A ( x ) h  and A(%),, becomes: 


A ( % )  = C1 sinh Kzx + C Z  cosh Kzx 


With the boundary conditions accounting for the impermeability of the 
stratum corneum with respect to the drug and the sink conditions: 


(Eq. A181 


and: 


A = O  a t x = m  (Eq. A191 


the integration constants are: 


OK' (3) (cosh K l n )  (Eq. A20) 
= (K? - K3K2 DA 


and: 
C1 sinh Kzm 


cosh Kzm 
cz= - (Eq. A21) 


After substitution of C1 and Cz  into Eq. A17 and algebraic rearrangement, 
the concentration-distance expression for the drug is: 


A(%)  = w sinh K2(m - x)  + 
(Eq. A22) 


where: 
-OK1 & coshKlm 


(K: - K;)K2 DA cosh Kzm w =  ( ) ( ) (Eq.A23) 


and K1 # Kz. 
Cutaneous Concentration-Distance Expression for  Drug: Case 


of K1 = Kz-As shown in the previous section, a necessary criterion for 
the existence of Eq. A22 is that K1 Z. Kz. To obtain an expression for A(%) 
for the case of K1 = K2, a different approach is used, e.g., the variation 
of parameters method. 


In pursuing the case of K1 = K2 = K, it follows that the enzyme rate 
constants are k l  = DvK2 and k2 = D A K ~  such that Eq. A13 can be re- 
written as: 


-- d2A K2A= rDyv) - [sinh K(m - x ) ]  (Eq. A241 
dx 


By the method of the variation of parameters, the homogeneous solution 
is: 


A(%),, = C1 sinh Kx + C Z  cosh Kx (Eq. A251 


and the particular solution is: 


= u1 sinh Kx + up cosh Kx (Eq. A261 


In determining the parameters u1 and u2, which are variables in x ,  the 
following set of auxiliary equations is identified: 


u', sinh Kx + u; cosh Kx = 0 (Eq. A271 


u;K cosh Kx + u;K sinh Kx = (""D"f') ~ [sinh K(m - x)] 


(Eq. A28) 
where u; and ui are derivatives of u1 and uz. After solving for u; and u; 
by determinants and then integrating, one gets: 


u1 = - sinh Km BD v [ (sinh42Kx Kx) 
DA 2 


] (Eq.A29) 
- (cosh Km)(cosh2 K x )  


2 
and: 


sinh 2Kx 


] (Eq.A30) 
- (sinh Km)(sinh2 Kx) 


2 
The substitution of Eqs. A29 and A30 into A26 and subsequent algebraic 
manipulation give rise to a simple expression for A(%),: 


A h ) ,  = -2 (Kx) cosh K(m - x )  (Eq. A31) BD 
~ D A  


The general solution is: 
A ( x )  = A ( X ) h  + A(%), (Eq. A32) 


or: 
A ( x )  = C1 sinh Kx + C2 cosh Kx 


-- pDv (Kx)  cosh X(m - x)  (Eq. A33) 
~ D A  


After applying the boundary conditions found in Eqs. A18 and A19, the 
integration constants are: 


C1 = (e) (cosh Km) (Eq. A34) 


and: 


cz = - OD' [(Km) sech Km - sinh Km] (Eq. A35) 
2DA 


Finally, the drug concentration as a function of distance in the cutaneous 
tissue for the case of K1 = Kz = K is expressed by: 


A ( x )  = - [sinh K(m - x )  + (Kx) cosh K(m - x )  
~ D A  


- (Km) sech Km cosh Kx] (Eq. A36) 
Cutaneous Concentration-Distance Expressions €or Metabo- 


lite-For the case of K1 # Kz, utilization of Eqs. 7 and 15 provides the 
start in the derivation of H ( x ) .  Thus: 
d2H - - - - 5 [u sinh K2(m - x)  
d x 2  DH 


Upon integrating twice, one obtains: 


whereby the integration constants C1 and CZ are evaluated from the 
following boundary conditions: 


and: 


Accordingly: 
H = O  a t x = m  (Eq. A401 


P +' 
C2 = -Clm (Eq. A42) 
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The final solution becomes: 


whereK1 # Kz. 


following homogeneous differential equation: 
In the case of K1 = K2 = K, Eqs. 7 and 19 are combined to give the 


] (Eq.A44) sinh K ( m  - x )  + (Kx) cosh K(m - x )  
- ( K m )  sech Km cosh Kx 


The solution to Eq. A44 is given by: 


1 2 sinh K(m - x )  - ( K m )  sech Km cosh Kx 
- sinh Km[(Kx) sinh Kx - cosh Kx] 
+ cosh K m [ ( K x )  cosh Kx - sinh Kx] 


+ C ~ X  + Cq (Eq. A45) 


where, with the boundary conditions given by Eqs. A39 and A40 


c3= 0‘) - (cosh Km) (Eq. A461 


and: 


Cq = - 2 [(Km) cosh Km] ( (Eq. A47) 


After substitution of the evaluated constants C3 and Cq back into Eq. A45 
and simplification of the algebra, the final expression is: 


1 PDv - 3 sinh K ( m  - x )  + (Km) sech Km cosh K x  
20.4 - (Kx) cosh K ( m  - x )  + 2K(m - x )  cosh Km 


(Eq. A481 


Total Flux of All Species across Membrane System-The total 
fluxes of the prodrug V, parent drug A ,  and metabolite H are readily 
found by applying the following relationships: 


I H ( x )  = - - 


(Eq. A491 


(Eq. A50) 


(Eq. A51) 


Without going into the details of the mathematics, the final flux ex- 
pressions are given in Eqs. 21-25. 
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Abstract  0 Female Sprague-Dawley rats exhibited significantly im- 
proved growth after a 30-day feeding with lysine-supplemented rations. 
Supplementation with lysine and tryptophan led to improved growth in 
two of three experimental trials. Although increased weight gain was 
noted in male rats fed the supplemented rations, the results were sig- 
nificant in only one of three trials. The order of limiting amino acids and 
the supplementation level were calculated on the basis of the fasting 
plasma amino acid concentrations. After ethanol (6 g/kg PO), animals fed 
either supplemented ration showed significant sleeping time reductions 
and significant increases in the onset of loss of the righting reflex. The 
ethanol LD50 value increased significantly only for the rats fed the ration 
supplemented with both amino acids. After pentobarbital (20 mg/kg PO), 
the onset of loss of the righting reflex increased significantly in rats fed 
the lysine-tryptophan-supplemented ration. Effects on sleeping time 
and the LDm were insignificant with rats fed either supplemented ration. 
Rats fed either supplemented ration showed significant sleeping time 
decreases and increases in the onset of loss of the righting reflex after 
hexobarbital (28 mg/kg PO). No significant effect on the hexobarbital 
LDm was observed with either supplemented ration. 


Keyphrases Dietary supplements-effect of lysine and tryptophan 
on growth rate, barbiturate toxicity, ethanol toxicity, rats Essential 
amino acids-effect of dietary lysine and tryptophan supplementation 
on growth rate, barbiturate toxicity, ethanol toxicity 0 Pentobarbital 
toxicity-effect of dietary lysine and tryptophan supplementation 
Hexobarbital toxicity-effect of dietary lysine and tryptophan supple- 
mentation Ethanol toxicity-effect of dietary lysine and tryptophan 
supplementation 


The ability of rats to tolerate ethanol was shown to vary 
with the nature of their dietary protein (1). When rats were 
fed a diet that promoted better growth, they generally 
became less intoxicated as compared with rats fed a diet 
that was not as effective in growth promotion. Such re- 
duced intoxication was observed after chronic adminis- 
tration. Among the natural protein mixtures studied (l), 
egg and milk proteins were more effective than those from 
cereal and other plant proteins. Milk protein and egg 
protein were equally effective in protecting the rats against 
ethanol toxicity. However, milk protein was considerably 
less effective against the inebriating effects of ethanol. 


BACKGROUND 


Pretreatment of mice with L-asparagine potentiated the depressant 
properties of ethanol and hexobarbital as measured by sleeping and 
immobility times (2). The LDm values of intraperitoneal ethanol and 
hexobarbital were not affected; these values were 8.6 g/kg and 28 mg/kg, 
respectively. 


Pretreatment of male Sprague-Dawley rats with L-tryptophan was 
reported to enhance the toxicities of pentobarbital, hexobarbital, and 
ethanol (3). The central nervous system (CNS) depressant effecta of these 
barbiturates and ethanol also were enhanced, as shown by increased 
sleeping and immobility times. Ward et al. (4) showed that intraperito- 
neal or oral lysine administration 30 min prior to ethanol administration 
did not increase the LDso. Pretreatment with intraperitoneal L-lysine 
significantly reduced the duration and prolonged the onset of sleeping 
time induced by ethanol. 
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Enzymatic activity in the liver was reported to decrease during fasting 
(5). Studies on hepatic enzyme concentrations showed a marked reduc- 
tion after protein depletion. It is generally agreed that the principal 
ethanol oxidation site is in the liver. During fasting, the rat’s ability to 
oxidize ethanol decreased (5). However, as soon as the weight of the an- 
imal became stationary after feeding, the rat’s ability to oxidize ethanol 
returned to normal. The ethanol oxidation rate was propqrtional to the 
dose up to a maximum of 2.5-3 g/kg. At higher doses, the absolute rate 
in milligrams per kilogram of body weight per hour decreased (5). 


Breglia et al. (6) demonstrated that there was no significant alteration 
of the ethanol LD50 with pretreatment or with simultaneous adminis- 
tration of selected amino acids. On the other hand, pretreatment with 
L-lysine, L-arginine, L-ornithine, or glycine counteracted the CNS effects 
of ethanol. Thus, sleeping time was reduced significantly, the onset of 
ataxia was prolonged, and the number of animals losing their righting 
reflex decreased. Ward et at. (4) prevented ethanol sleep induction by 
pretreatment with selected amino acids. These investigators used 30% 
ethanol, whereas Breglia et al. (6), employed 37.8% ethanol. Ethanol 
toxicity increased in relation to both concentration and dose in one study 
(7). 


Hexobarbital metabolism increased in animals fed a high protein diet 
and decreased in those fed a low protein diet (8). These effects were much 
greater in male animals. Stimulation of microsomai enzymes was con- 
cluded to be much greater in rats fed a high protein diet. Hexobarbital, 
which is metabolized primarily in the liver, was reported to exert a greater 
depressant effect in fasting animals due to a decrease in hepatic micro- 
soma1 oxidase activity (9). 


Rats fed a rancid, biotin-deficient diet were more resistant to pento- 
barbital toxicity. This diet increased liver weight. Thus, a larger liver 
appeared to explain the ability of such animals to metabolize pentobar- 
bital more effectively. When doses were calculated on the basis of liver 
weight, there was no increased resistance to pentobarbital (10). 


Since supplemented rations were to be used, various procedures were 
considered for determining which of the essential amino acids in a ration 
was limiting. In addition, the calculation of the supplementation level 
was considered. Several procedures have been proposed for predicting 
the limiting amino acid; the chemical score method was used for a ration 
(11-13). The validity of this method rests on two important assumptions: 
( a )  the estimated amino acid requirements are reasonably accurate, and 
( b )  the amino acids in the ration are fully available. 


Two methods, the plasma amino acid (PAA) score and the plasma 
amino acid ratio, were proposed for predicting the limiting amino acid 
in rations (14). In these procedures, the fasting plasma amino acid con- 
centrations are compared with the plasma amino acid levels taken 6 hr 
after a test diet is fed. The modified plasma amino acid ratio (15) and the 
plasma amino acid score (16) can be calculated by: 


mean PAA level of test group 
(Eq. 1) 


- mean fasting PAA level 
modified PAA = animal’s amino acid requirement 


x 100 (Eq. 2) 
mean PAA level of test group 


mean fasting PAA level PAA score = 


The fasting plasma profile equivalent (FPPE) concept was used to 
determine the limiting essential amino acid (17). The supplementation 
level can be calculated by Eq. 3 (the reported amino acid requirement 
of the animal is not needed for the calculation): 


(Eq. 3) 
millimoles of amino acid/100 g of diet 


millimoles per liter in animal’s fasting plasma 
F P P E =  . . 


Thus, for example, 100 g of ration’ contains 10.8 mmoles of lysine. There 
is 0.389 mmole of lysinehiter in the fasting plasma of Sprague-Dawley 
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Table I-Weight Increase of Sprague-Dawley Rats after 30 Days with a Control Ration in Comparison with a Lysine- and a Lysine- 
Tryptophan-Supplemented Ration 


Control 
versus 


Average Average Average Weight Supplemented 
Starting Finishing Weight Gained Rations 


Ration Weight, g Weight, g Gained f SLJ, g f SD, % (p Value) 


Ex erimentl 
Eontrol 
Control + lysine 
Control + lysine + tryptophan 


Experiment 2 
Control 
Control + lysine 
Control + lysine + tryptophan 


Ex eriment3 
8ontrol 
Control + lysine 
Control + lysine + tryptophan 


Experiment 4 
Control 
Control + lysine 
Control + lysine + tryptophan 


Experiment 5 
Control 
Control + lysine 
Control + lysine + tryptophan 


Experiment 6 
Control 
Control + lysine 
Control + lysine 


't tryptophan 


86.1 
92.3 
80.4 


94.7 
85.6 
93.5 


131.6 
135.0 
148.3 


88.3 
80.9 
86.9 


114.2 
87.1 


100.3 


127.7 
125.7 
120.5 


204.9 
248.0 
220.0 


227.9 
212.3 
231.5 


221.5 
234.4 
227.3 


177.4 
184.3 
180.5 


196.1 
179.9 
200.0 


190.4 
218.5 
206.1 


Males - 
118.8 f 30.7 
155.7 f 28.1 
139.6 f 28.4 


133.2 f 27.5 
126.7 f 31.6 
138.0 f 26.4 


89.9 f 19.2 
99.4 f 18.4 
79.0 f 17.1 


Females 


89.1 f 19.3 
103.4 f 19.5 
93.6 f 18.5 


81.9 f 18.2 
92.8 f 19.2 
99.7 f 17.1 


62.7 f 17.7 
92.8 f 19.6 
85.6 f 19.6 


138 f 36 
169 f 30 
174 f 35 


141 f 29 
148 f 37 
148 f 28 


68 f 15 
74 f 14 
53 f 12 


101 f 22 
128 f 24 
108 f 21 


72 f 16 
107 f 22 
99 f 17 


50 f 14 
74 f 16 
71 f 16 


- 
0.05 


<0.05 


- 
NS" 
NS 


- 
NS - 


- 
<0.02 
NS 


- 
<0.001 
<0.01 


- 
<0.01 
CO.01 


5 Not significant; p > 0.05 (Student t test). 


rats. Consequently, in the ration used, the fasting plasma profile equiv- 
alent of lysine is 27 (10.8/0.389). Since this value is the smallest fasting 
plasma profile equivalent value for the essential amino acids, lysine is 
considered to be limiting. The value for tryptophan is 29, and it is the next 
limiting amino acid. 


The objective of this investigation was to determine the effect of lysine- 
and lysine-tryptophan-supplemented diets on the growth rate and on 
ethanol and barbiturate toxicity in Sprague-Dawley rats. 


EXPERIMENTAL 


Three groups of 10 Sprague-Dawley rats were fed three diets concur- 
rently. The first group received the control ration'. The second group 
received the control ration supplemented with L-lysine monohydro- 
chloride2 (0.142 g added to 100 g of ration). This supplementation level 
made lysine and trypFqphan equally limiting. The third group received 
the control ration supplemented with L-lysine monohydrochloride (0.995 
g )  and L-tryptophan* (0.132 9). In the latter supplemented ration, lysine, 
tryptophan, and threonine (the third limiting amino acid) were equally 
limiting. 


The rats were fed for 30 days. Each day, a fresh 20-g portion of ration 
was placed in the feeding container. Water was provided ad libitum. 


The diets were prepared as follows. The ration (1362 g) and povidone 
4OO3 (13.62 g) were placed in a mixer. A solution prepared by dissolving 
1.93 g of t-lysine monohydrochloride in 1 liter of distilled water was 
distributed uniformly throughout the ration by paddle agitation. Ethanol 
(700 ml) was added to guard against mold growth during the drying step. 
The wet mass was passed through a No. 1 sieve. The granules were tray 
dried in an air-circulating oven at room temperature. In the preparation 
of the lysine-tryptophan-supplemented diet, 13.55 g of L-lysine mono- 
hydrochloride and 1.8 g of L-tryptophan were added to 1362 g of ration. 
The control diet was treated similarly in that distilled water and ethanol 


were added. The use of povidone 400 in the three rations favored the 
formation of homogeneous blends. 


The effect on the growth rate was determined after 30 days by com- 
paring the weight increase of the two test groups with that of the control 
group. 


A t  the end of the 30-day feeding trial, the rats weighed between 175 
and 200 g. These rats were used to determine the effect of the diet on the 
LDSO, loss of the righting reflex, and sleeping time after oral adminis- 
tration of ethanol, he~obarbital~, and  ent to barbital^. 


The LDm values were determined by the Litchfield and Wilcoxon (18) 
method. The rats were fasted for 24 hr before being used in the LDSO 
determinations. 


Sleeping time was defined as the total time elapsed from the initial loss 
of the righting reflex to its return without remission. Loss of the righting 
reflex was defined as the inability of the animal to right itself immediately 
when placed on its back. 


The three concurrent feeding trials (control and two supplemented 
rations) were conducted six times. Three such studies each were carried 
out with male and female rats. The results represent averaged data points 
derived from 10 animals. 


RESULTS AND DISCUSSION 


The female rats showed significantly improved growth after the 30-day 
feeding trial with the lysine-supplemented rations (Table I). Supple- 
mentation with lysine and tryptophan led to improved growth in two of 
three feeding trials. Although increased weight gain was noted in male 
rats fed the supplemented rations, the results were significant in only one 
of three trials. 


On the basis of the fasting plasma concentrations, lysine was calculated 
to be the first limiting essential amino acid in the commercial diet'. The 
second limiting amino acid in this ration was tryptophan. However, on 
the basis of whole egg protein, the first limiting essential amino acid in 


Rockland Farms mousehat diet. 
Sigma Chemical Co., St. Louis, Mo. 
Polyvinylpyrrolidone 400, Sigma Chemical Co., St. Louis, Mo. 


~~ 


Merck and Co., Rahway, N.J. 
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Table 11-Ethanol-Induced Toxicity and CNS Depression in Sprague-Dawley Rats Fed Lysine- and Lysine-Tryptophan- 
Supplemented Rations (Ethanol, 6 g/kg PO) 


Combined 
Parameter Male Female Results p Value 


Control diet 
Sleeping time, min f SD 
Loss of righting reflex, rnin f SD 
LDm, g/kg (range) 


Control diet + lysine 
Sleeping time, min f SD 
Loss of righting reflex, min f SD 
LDm, g/kg (range) 


Control diet + lysine and 


273.0 f 19.9 
4.0 f 1.4 
8.3 


(7.54-9.13) 


230.0 f 38.9 
6.9 f 1.9 
9.2 


(8.37-10.12) 


285.5 f 18.5 
4.3 f 0.75 
8.4 


(7.6-9.2) 


225.0 f 46.9 
6.0 f 1.4 
8.9 


(7.9-9.3) 


279.2 f 18.8 - 
4.3 f 1.1 - 


8.23 - 


227.5 f 42.9 0.05 
6.25 f 1.7 0.05 
9.01 NS 


(7.88-8.53) 


(8.53-9.54) 


tryptophan Sleeping time, min f SD 190.0 f 23.1 180.0 f 20.2 185.0 f 20.2 0.02 
Loss of righting reflex, min f SD 7.4 f 2.3 7.6 f 1.9 7.25 f 2.1 0.03 
LDm, g/kg (range) 9.3 10.5 9.8 0.05 


a Not significant. 


(8.68-9.85) (8.9-12.6) (9.3-10.09) 


Table 111-Pentobarbital-Induced Toxicity and CNS Depression in Sprague-Dawley Rats Fed Lysine- and Lysine-Tryptophan- 
Supplemented Rations (Pentobarbital, 20 mg/kg PO) 


~ ~~~ 


Parameter Male Female 
Com hined 


Results p Value 


Control diet 
Sleeping time, min f SD 
Loss of ri hting reflex, min f SD 
LDm, mgAg (range) 


Sleeping time, min f S D  
Loss of ri hting reflex, rnin f SD 


Control diet + lysine 


LDa, mg 7k g (range) 


Control diet + lysine and 
tryptophan 


Sleeping time, min f SD 
Loss of ri hting reflex, min f SD 
LDm, mgykg (range) 


104.9 f 6.5 
7.4 f 3.4 


66.7 
(55.9-77.8) 


92.8 f 5.7 
9.0 f 3.4 


68.8 
(52.3-88.4) 


85.3 f 5.0 
16.9 f 10.1 
75.9 


(68.2-82.5) 


106.7 f 6.9 
9.4 =k 6.3 


62.4 
(51.2-74.4) 


94.2 f 5.9 
10.4 f 5.9 
65.8 


(54.1-81.2) 


87.3 f 5.6 
18.5 f 11.5 
75.6 


(68.2-82.5) 


105.8 f 6.7 
8.4 f 4.8 


65.5 
(58.0-76.1) 


93.5 f 5.8 
9.7 f 4.7 


67.8 
(58.0-76.1) 


86.3 f 5.3 
17.7 f 10.8 
75.7 


(68.2-82.5) 


0.50 
0.50 
0.50 


0.10 
0.05 
0.30 


Table IV-Hexobarbital-Induced Toxicity and CNS Depression in Sprague-Dawley Rats Fed Lysine- and Lysine-Tryptophan- 
Supplemented Rations (Hexobarbital, 28 mg/kg PO) 


Parameter Male Female 
Com bined 


Results p Value 


Control diet 
Sleeping time, min f SD 
Loss of ri hting reflex, min f SD 
LD50, mgykg (range) 


Sleeping time, min f SD 
LOSS of ri hting reflex, min f S D  
LDa, mgykg (range) 


Control diet + lysine and 
tryptophan 


Sleeping time, min f S D  
Loss of ri hting reflex, min f SD 
LDm, mgykg (range) 


Control diet + lysine 


63.1 f 13.7 
16.0 f 6.9 
37.0 


(32.1-42.5) 


43.1 f 5.6 
30.0 f 16.8 
37.5 


(32.1-43.1) 


39.0 f 5.0 
32.0 f 11.1 
38.5 


(32.1-44.9) 


72.0 f 14.1 
17.0 f 6.9 
31.5 


(27.4-36.3) 


49.4 f 13.9 
29.1 f 18.4 
32.0 


(28.6-39.4) 


40.2 f 8.0 
31.4 f 9.3 
37.0 


(31.1-42.9) 


67.5 f 13.9 - 
16.5 f 6.6 - 
33.5 - 


(29.1-39.4) 


46.7 f 9.7 0.01 
29.5 f 17.1 0.01 


34.75 0.50 
(30.6-41.3) 


39.6 f 6.5 0.005 
31.7 f 10.2 0.01 


37.75 0.50 
(32.3-43.3) 


the commercial ration was methionine followed by tryptophan. The 
improved growth rates observed in rats fed the lysine-supplemented 
rations provide support for the fasting plasma profile concept. 


A significant increase in the ethanol LDSO was shown by rats fed the 
lysine-tryptophan-supplemented ration (Table 11). This reduction in 
toxicity can probably be attributed to an improvement in the biological 
value of the commercial ration by supplementation. As mentioned earlier 
(1). proteins that were more effective in growth promotion also were more 
effective in reducing ethanol toxicity and in counteracting its inebriating 
effects. Consequently, it was not unexpected that rats fed either sup- 


plemented ration would show significant sIeeping time reductions and 
significant increases in time before loss of the righting reflex after ethanol 
administration. 


Rats fed the supplemented rations showed no LDm increase for pen- 
tobarbital (Table 111) or for hexobarbital (Table IV). On the other hand, 
significant sleeping time reductions and increases in time before loss of 
the righting reflex were observed after hexoharbital administration in 
rats being fed either supplemented ration. In addition, rats fed either 
supplemented ration exhibited significant increases in time before loss 
of the righting reflex after pentobarbital administration. However, an 
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insignificant effect on sleeping time was observed. 
Thus, strategic supplementation of a ration with essential amino acids 


to improve its biological value offers promise in reducing the toxicity of 
ethanol and selected barbiturates as well as in mitigating the CNS effects 
associated with such compounds. 
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Abstract 0 Ciprofibrate, a new orally effective hypolipidemic agent like 
clofibrate, suppressed tyloxapol-induced hypercholesterolemia in rats. 
Ciprofibrate a t  10 mg/kg was effective. Clofibrate required a dosage of 
180 mg/kg to suppress the tyloxapol effect. Norepinephrine-induced free 
fatty acid release was inhibited by clofibrate in rats in accordance with 
earlier findings. Ciprofibrate and lifibrate differed from clofibrate in that, 
a t  hypocholesterolemically effective doses, neither inhibited the hor- 
mone-sensitive lipase in vioo. 


Keyphrases Ciprofibrate-hypolipidemic effects, effect on hor- 
mone-sensitive lipase, compared to clofibrate and lifibrate, rats An- 
ticholesterolemic agents-ciprofibrate, effect on serum lipid levels, 
hormone-sensitive lipase, compared to clofibrate and lifibrate, rats 


Evidence that hyperlipidemia is a major risk factor in 
coronary artery disease (1) has directed interest toward 
agents that ‘can correct the lipid abnormality. One such 
agent is clofibrate, 2-(4-chlorophenoxy)-2-methylpropa- 
noic acid ethyl ester, which serves as a model reference. 
Related agents are being sought that are more effective 
against hypercholesterolemia as well as against all types 
of hyperlipoproteinemia. 


A previous report (2) presented evidence that ciprofi- 
brate, 2-[4-(2,2-dichlorocyclopropyl)phenoxy]-2-meth- 
ylpropanoic acid, is at  least 100-fold as hypolipidemic in 
butter fat, cholesterol-fed hyperlipidemic rats as is clofi- 
brate. In this discussion, additional comparisons between 
ciprofibrate and clofibrate are presented. 


EXPERIMENTAL 


Tyloxapoll-Induced Hypercholesterolemia-The tyloxapol 
treatment procedure followed that of Garattini et al. (3) and of Kariya 
et al. (4). Young adult Sprague-Dawley rats2, averaging -300 g each, were 


maintained on laboratory feed ad libitum. Based on preliminary trials, 
the test agents were given by intubation a t  one of the following dosages: 
ciprofibrate a t  10 or 22.5 mg/kg/day or clofibrate a t  90 or 180 mg/kg/day, 
each for 4 days. On the 4th day, the rats were each given tyloxapol at 200 
mg/kg iv. Anticholesterolemic effects were evaluated on the basis of 
cholesterol levels in blood samples taken by cardiac puncture 20 hr 
later. 


For analysis, the blood samples were centrifuged, and the serum was 
separated. Serum cholesterol was estimated colorimetrically according 
to the Liebermann-Burchard procedure, using a p-toluenesulfonic acid 
catalyst after Turner and Eales (5). 


Inhibition of Hormone-Sensitive Lipase-Two studies were con- 
ducted in which the hypolipidemic agents were evaulated for their ability 
to inhibit the hormone-sensitive lipase. In one, clofibrate was compared 
with ciprofibrate. In the other, clofibrate was compared with lifibrate, 
bis(4-chlorophenoxy)acetic acid 1 -methyl-4-piperidinyl ester (6). 


Young adult Sprague-Dawley strain rats2, averaging -250-300 g each, 
were allocated into groups of nine. They were given one test agent a t  the 
following dosages: clofibrate a t  150 mg/kg, ciprofibrate a t  15 mg/kg, or 
lifibrate a t  40 mg/kg. The test agents were given by intubation in a 1% 
aqueous gum tragacanth suspension (10 ml/kg) before 1-norepinephrine 
(as the bitartrate). The vasoconstrictor effects of norepinephrine were 
inhibited with 100 mg of phenoxybenzamine/kg sc, 1 hr before norepi- 
nephrine was given. 


Table  I-ciorofibrate and Clofibrate Effectiveness in 
Protecting Ra t s  against Tyloxapol Hypercholesterolemia 
(Means f SE) 


Serum 
Intragastric Choles- 


Test  Dosage, mg/kg/ terolb, 
Compound day X 4 Tyloxapola n mg/100 ml 


None None - 12 75.2 f 3.2 
None None + 10 198.7 f 16.3 
Ciprofibrate 10 + 8 80.9f 7.9 


22.5 8 73.5 f 5.7 
Clofibrate 90 + 8 132.4 f 23.7 


180 7 69.7 f 4.4 
1 Triton WR-1339 or Triton A-20. 
*Charles River. 


~ 


a At 200 mg/kg iv on the 4th day of medication. Blood taken 20 hr after tylox- 
apol. 
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Abstract  0 Guanabenz, [ (2,6-dichlorobenzylidene)amino]guanidine, 
acetate was shown to be the E-isomer. I t  decomposed to form the Z-iso- 
mer, 2,6-dichlorobenzaldehyde, aminoguanidine, and 2,g-dichloro- 
benzaldehyde semicarbazone. A stability-indicating assay for the intact 
drug in the presence of all of ita decomposition products by the use of UV 
spectroscopy is presented. 


Keyphrases 0 Guanabenz-degradation products, stability, UV spec- 
troscopic analysis 0 Antihypertensive agents-guanabenz, degradation 
products, stability, UV spectroscopic analysis o Spectroscopy, UV- 
analysis, guanabenz degradation products Stability-guanabenz, 
degradation products 


Guanabenz, [ (2,6-dichlorobenzylidene)amino]guanidine, 
acetate is being evaluated as an antihypertensive agent. 
To develop a stability-indicating assay, the drug was de- 
composed by all meaningful modes, i .e.,  hydrolytic, ther- 
mal (dry heat), and photolytic, and all degradation prod- 
ucts were isolated and identified. This paper describes the 
isolation and identification of these degradation products 
and the development of a rapid spectrophotometric assay 
specific for guanabenz in their presence. 


EXPERIMENTAL 


Guanabenz Degradation-Sufficient degradation products for 
characterization were obtained by using accelerated conditions. The 
hydrolysates were prepared by refluxing a guanabenz acetate solution 
in equal volumes of 2 N NaOH and ethanol for 8 hr or in 1 N HCI for 5 
days. These products were separated from the intact drug by a biphase 
extraction into chloroform from aqueous acid. 


Thermal degradation was studied by storing the drug substance a t  100 
and 75" for several weeks. 


The phatolytic degradation product was formed by exposing a 1% 
guanabenz solution in ethanol to UV light in a closed quartz vessel1 for 
1 week. The photolytic product was separated from guanabenz by column 
chromatography using silica gel2 as the adsorbent and increasing meth- 
anol concentrations in chloroform containing 1% ammonium hydroxide 
as the eluent. 


TLC-TLC was used to determine the purity of the isolated degra- 
dation products and to help establish their identity. Silica gel TLC plates 
with a fluorescent indicator? and an eluting solvent of chloroform- 
methanol-ammonium hydroxide (48.5:50:1.5) were used. Visualization 
was by shortwave UV light. 


For quantitative TIL, IOO-pg quantities were applied to the plate; after 
elution, the silica gel containing the intact guanabenz was scraped off and 
extracted from the silica gel with 10 ml of 10% 0.1 N NaOH in ethanol. 
The guanahenz concentration was determined by comparing the ab- 
sorbance of the resulting solution at 305 nm to the absorbance of a 
standard carried through the same procedure. 


NH 
CI 
/ (0)-CH=NNHCNH, I1 


k1 
I 


I A 10-cm pathlength spectrophotometric cell. 
*Silica gel grade 923, mesh 100-200, Grace &. Co., Davison Chemical Division. 


Baltimore, Md. 
Silica gel GF. Analtech Inc., Newark, Del. 


Spectrophotometric Analysis-UV spectra4 were obtained using 
I-cm path length silica cells and the described solvents. T o  obtain IR 
spectra5, samples were presented in the form of potassium bromide 
pellets. NMR spectra6 were obtained by preparing solutions of the 
samples in deuterated dimethyl sulfoxide containing tetramethylsilane 
as the internal marker. Mass spectra7 were obtained using an energy beam 
of 70 ev with the sample probe a t  150". 


Stability-Indicating Assay-Solvents-For the pH 4.5 buffer, a 0.2 
M aqueous monobasic sodium phosphate solution was diluted with an 
equal volume of methanol. 


For the pH 10.8 buffer, a 0.1 M aqueous dibasic sodium phosphate 
solution was adjusted to pH 10.8 with 5 N NaOH. Two volumes of this 
buffer were diluted with one volume of methanol. 


Procedure-The sample was quantitatively weighed or diluted into 
each solvent to obtain a concentration of 4 . 0 1  mg of guanabenz/ml. The 
method was applicable in the range of 0.004-0.015 mg of guanabenzhl.  
If the addition of the sample to the buffer solvent changed the pH by >0.1 
unit, the sample was neutralized with acid or base as necessary. 


The absorbance of each solution was determined a t  265 and 305 nm 
in a 1-cm silica cell versus a solvent blank. The guanabenz concentration 
(c) in the final solutions was calculated using the following equation: 


( A f '  - A$*) - 1.32(Af1 - A?') 
C =  (Eq. 1) 


where Af'  is the absorbance in pH 4.5 buffer a t  265 nm, A f 2  is the ab- 
sorhance in pH 10.8 buffer at 265 nm, As' is the absorbance in pH 4.5 
buffer a t  305 nm, and AS* is the absorbance in pH 10.8 buffer at 305 
nm. 


78.9 


RESULTS A N D  DISCUSSION 
Degradation Product Identification-Guanabenz was synthesized 


( 1 )  as the acetate by the condensation reaction of 2,6-dichlorobenzal- 
dehyde with aminoguanidine in the presence of acetic acid. Possible 
degradation hydrolysis routes were: (a) the reverse reaction of the syn- 
thesis, and (b) the replacement of the amino group on the guanidine by 
oxygen to give 2,6-dichlorobenzaldehyde semicarbazone. Both reactions 
occurred under reflux conditions in strong acid or base, based on a com- 
parison of TLC R/ values of the degradation products to those of the 
known compounds. 


For further proof of the reactions, the semicarbazone was isolated from 
the refluxed basic solution and identified by comparison of its IR spec- 
trum with that of an authentic sample prepared from 2,6-dichlorohenz- 
aldehyde and semicarhazide hydrochloride using the classical method 
(2). The 2,6-dichlorobenzaldehyde was similarly obtained in appreciable 
quantities from the refluxed acidic solution. No attempt was made to 
isolate and characterize the aminoguanidine found along with the 2,6- 
dichlorobenzaldehyde. TLC of the guanabenz-containing layers of the 
biphase extractions in both refluxed solutions showed a small amount 
of an additional degradation product, characterized as Z-2,6-dichloro- 
phenylmethyleneaminoguanidine and later shown by TLC to be the same 
as the photoproduct. 


In the thermal study, no degradation product was observed by TLC 
for samples of guanabenz acetate stored a t  75 or 100° for 4 weeks. The 
sample stored at 100" did lose a portion of the acetic acid associated with 
it, as verified by titrimetric analysis (3) in 50% methanol-water. 


The photolytic degradation product was not as readily identified as 
were the hydrolytic products. Guanabenz in mildly acidic, neutral, or 
mildly basic solutions undergoes a reversible reaction in the presence of 
light. The reaction reversibility was established by starting with the 
photoproduct and allowing it to convert to guanahenz. The same re- 
versible reaction occurred in the dark hut only in acidic solution. 


Cary model 14. 
Perkin-Elmer model 537. 
Varian model XI,-100. 
AE1-MS-902. 
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Table I-Absorptivities of Guanabenz E- and  Z-Isomers 


E-Isomer Z-Isomer 
Wavelength, nm pH 10.8 pH 4.5 pH 10.8 pH 4.5 


~ 


305 55.2 14.8 18.2 0.2 
265 28.3 53.9 40.1 16.2 


The reaction reversibility immediately suggested that the two com- 
pounds were isomers. The photoproduct structure proved to be like that 
of the intact guanabenz by many classical structure elucidation methods. 
The mass spectra of the two compounds were the same (m/e 230), as were 


.the elemental analyses (guanabenz: C, 41.29; H, 3.61; CI, 30.84; N, 23.99; 
photoproduct: C, 41.57; H, 3.60; CI, 30.39; N, 24.35). The equivalent 
weights, as determined by nonaqueous titrations, were the same and were 
in agreement with the mass spectrometric molecular weight. The ion- 
ization constants were 8.3. These were determined spectrophotometri- 
cally, thus assuring that changes in the spectra were due to ionization and 
not to interconversion of guanabenz and the photoproduct. These data 
and the reversibility of the reaction support the contention that the two 
compounds are isomers. 


IR spectra of guanabenz and the photoproduct were distinctly differ- 
ent, but no useful information could be derived from these differences. 
NMR spectra showed four nonexchangeable protons. Three of these 
protons were aromatic and, although the spectra of the two compounds 
in the aromatic region were slightly different, these differences are not 
readily interpreted. The singlet peak for the other proton associated with 
the imino carbon was a t  8.22 ppm for guanabenz and a t  7.21 ppm for the 
photoproduct. 


Previous investigators (4-9) extensively studied the NMR spectra of 
Z- and E-isomers about imino and similar bonds. In all cases, the signal 
from the E-isomer was downfield from that of the Z-isomer. A compar- 
ison of these data with those for guanabenz and the photoproduct indi- 
cated that the photoproduct is the Z-isomer and that guanabenz is the 
E-isomer. However, only aliphatic conkpounds were studied previously 
(4-9). 


IJV spectrophotometry was most important in proving the structure 
of the two compounds. Other investigators (10) found that phenyl ketone 
semicarhazones were categorized into two types by their UV spectra. One 
group had a maximum ahsorbance around 280 nm, and the second group 
showed a maximum absorbance only a t  lower wavelengths, if a t  all. 
Stenberg ~t a/ .  (1 1) reported that Z-phenyl acetophenone semicarhazone 
had no peak in its IJV spectrum above 230 nm while the E-isomer had 
a maximum at about 270 nm. When the UV spectra for guanabenz and 
the photoproduct (Fig. 1) were compared with these observations, it 
became evident that guanabenz was the E-isomer and that the photo- 
product was the Z-isomer. 


Differences in the UV spectra of the two isomers can be explained on 
the basis of steric hindrance. In an examination of a molecular model, 
a restricted rotation of the dichlorophenyl group in the 2-isomer is ap- 
parent. The x orbital of the imino hond is nearly perpendicular to the 
H orbital of the phenyl ring. The x orbital system for the E-isomer is 
nearly parallel throughout the molecule. Thus, the E-isomer, with a 
longer conjugated x electron system, will have a maximum absorbance 
a t  a longer wavelength than the 2-isomer. 


Well-documented cis-trans isomerizations of semicarbazones and 
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Table 11-Analysis of Synthetic SarnDles of DecornDosed Guanabenz Acetate 


0.0 
220 260 300 340 380 


WAVELENGTH. nm 
Figure I-UVspectra of guanabenz ( I )  and  photoproduct (2) (-0.01 
mglml in methanol). 


similar molecules occur under photolytic conditions as well as acidic 
conditions. Previous investigators (1 1) reported the photoisomerization 
of semicarbazones and gave evidence that the photoproduct of aceto- 
phenone semicarbazone, when dissolved in an ether solution, isomerized 
to the starting semicarbazone on exposure to anhydrous hydrogen chlo- 
ride. Earlier work (12,13) showed that Z- and E-isomers of semicarba- 
zones could be interconverted by UV light. 


The cis-trans photoisomerization of aromatic Schiff bases has been 
studied (14). Aldehyde 2,4-dinitrophenylhydrazones underwent isomer 
equilibration in acid solution (15). Methylene bromide solutions of ac- 
etaldehyde 2,4-dinitrophenyIhydrazone did not reach equilibrium after 
standing a t  room temperature for 10 days, while the addition of traces 
of sulfuric acid effected equilibration in less than a day. Another report 
(7) gave evidence for acid-catalyzed isomerization of several phenylhy- 
drazones, semicarbazones, and thiosemicarbazones. 2,4-Dinitrophenyl- 
hydrazones of a-hromoacetophenone and a-bromobutyrophenone un- 
derwent cis-trans isomerization when refluxed in an organic solvent in 
the presence of a trace of hydrochloric acid (16). 


Assay Development-The difference in the UV spectra of guanabenz 
and the Z-isomer, as well as the change in spectra with pH as related to 
the determination of the ionization constant, has been discussed. Figures 
2 and 3 present the spectra of the neutral and the protonated species of 


Micrograms per Milliliter 
Z- 2,6-Dichlorobenzal- 2,6-Dichloro- Guanabenz Guanabenz 


Isomer dehyde Semicarbazone benzaldehyde Acetate Acetate, mglml found Recovery, % 


0.0 
0.0 
0.0 
0.0 
0.0018 
0.0 
0.0 
0.0007 
0.0 
0.0007 
0.0 
0.0006 
0.001 1 
0.002 1 
0.0033 
0.0054 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0021 
0.0 
0.0004 
0.0012 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0018 
0.0004 
0.0 
0.0008 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


0.0269 
0.0242 
0.02 15 
0.0188 
0.0242 
0.0242 
0.0252 


0.0270 
0.0249 
0.0217 
0.0188 
0.0242 
0.0244 
0.0249 


0.0252 0.0255 
0.0252 0.0255 
0.0252 0.0255 
0.0269 0.0271 
0.0263 0.0262 
0.0258 0.0260 
0.0241 0.0246 
0.0236 0.0235 
0.0215 0.02 17 


100 
100 
101 
100 
100 
101 
99 


101 
101 
101 
100 
100 
100 
100 
100 
101 
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Table 111-Comparison of Stability Assay and  Quantitative T L C  
for  Decomposed Guanabenz Acetate 


Intact Guanabenz 
Acetate Found, ?6 


Stability Quantitative 
Condition for Degradation Assay TLC 


1.0- 


0.9 


5 weeks a t  60’ in water 89 92 
5 weeks in direct sunli h t  in water 50 50 


5 weeks in direct sunlight in 0.1 N HCI 80 76 
5 weeks in direct shortwave UV light (solid) 99 98 
3 davs a t  170’ (solid) 72 69 


5 weeks a t  60° in 0.1 J H C I  76 73 


- 


~~ ~~ 


guanabenz and the 2-isomer, respectively. Aminoguanidine has no ap- 
preciable UV spectrum. The spectra of the two UV-absorbing hydroly- 
sates, 2,6-dichlorobenzaldehyde and 2,6-dichlorobenzaldehyde semi- 
carbazone, do not change between pH 4.5 and 10.8. Thus, only guanahenz 
and the 2-isomer have spectral differences a t  these two pH values. 


By utilizing these differences, a simple stability-indicating assay was 
developed. The procedure can be considered to he a two-component 
spectral method; but rather than using the predetermined absorptivities 
of the twospecies, this method uses the differences in the absorptivities 
(Table I) at  two wavelengths and the two pH values. Thus, this method 
combines the concepts of At values described by Aulin-Erdtman (17) and 
Vieroidt’s method (18) for two-component mixtures. 


Method Validation-To determine the accuracy and specificity of 
this method, solutions were prepared containing varying amounts of 
guanahenz and the degradation products (Table 11). Solutions containing 
only small percentages (120%) of the decomposition products were 
prepared since this is the range of interest. 


To evaluate this assay procedure further, guanabenz acetate was de- 
composed in solution and as a dry drug substance under various condi- 
tions. These samples were analyzed by the stability-indicating assay, and 
the results of these analyses were compared with the results of quanti- 


240 280 320 360 400 
WAVELENGTH. nm 


Figure 2-UVspectra of guanabenz 03-isomer) in pH 4.4 buffer ( 1 )  and 
pH 10.8 buffer (2). 
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Figure 3-UV spectra of photoproducl (Z-isomer) in pH 4.4 buffer ( I )  
and pH 10.8 buffer (2). 


tative TLC. The conditions for the degradation and the results are given 
in Table 111. 
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Abstract 0 A physically based method for arriving at topological indexes 
is described. The derived indexes correlate with molecular surface areas 
and with the molecular connectivity index. The newly derived index 
seems to account better for the expected distinctions among primary, 
secondary, and tertiary alcohol aqueous solubilities. This study suggests 
that the Del Re method for calculating molecular charges and dipole 
momenta also may be used, without appreciable change, to provide es- 
timates of molecular refraction. 


Keyphrases 0 Alcohols, aliphatic-molecular topology, aqueous solu- 
bility, structure-activity relationships Topological indexes-aliphatic 
alcohols, molecular surface area, molecular connectivity, aqueous solu- 
bility, structure-activity relationships 0 Solubility, aqueous-aliphatic 
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About 3 years ago, an approach was presented (1) for 
assigning a numerical index to acyclic hydrocarbons and for 
ranking them according to their degree of branching. To 
each atom (vertex) of a molecular structure (graph) was 
assigned a value l / ~ ' / ~ ,  where v is the vertex valency. The 
valency may be taken as the number of valence electrons 
less the number of hydrogens associated with an atom. 
Each molecular bond (edge) was characterized by the 
product of associated atom values: l / (v i~ , ) l '~ .  The 
branching index was obtained by summing all bond values 
appropriate to a molecule. Reciprocal values were used to 
distinguish bond types since the branching indexes thus 
derived parallel the ordering for branched structures ar- 
rived at  from a binary representation of their connectivity 
(bonding or topological) matrixes. 


BACKGROUND 


This approach has been extended considerably (2). In particular, the 
treatment of cyclic aliphatics, alkenes, aromatics, and heteroatomic 
substances was left unspecified previously (1). The definition for v [also 
termed 6 (2)] was extended to include first row atoms of the periodic table 
(C, N, and 0) irrespective of the nature of the bonding; valency values 
for the halogens and for sulfur were established empirically; and an ad- 
justment to the branching index (termed x). which is appropriate to cyclic 
aliphatics, was provided (2). 


No physical definition for the branching index exists, although i t  ap- 
pears to be related to molecular refraction or to molecular volume by the 
nature of its construction. The physical properties of branched aliphatic 
substances frequently differ from those of corresponding n-aliphatic 
substances. Hence, a graph of a physical property (or its logarithm) 
against an integer (1 ,2 , .  . .) representing the number of carbon atoms 
in a side chain generally will be linear for the n-aliphatic substances, but 
considerable departures from this line most often will be noted for 
branched aliphatic substances. An index such as that described, which 
allows both n-aliphatic and branched aliphatic substances to lie on a line 
when graphed against a physical property, reflects a change due to 
branching in molecular refraction or to molecular volume, because these 
are the principal physical attributes of n-aliphatic substances. 


In a sense, the derivation of branching indexes by the described ap- 
proach corresponds to the determination of a molecular refraction value 
using bond refractions adjusted according to the nature of the immediate 
molecular environment. That is, molecular refractions, which are usually 


considered to be additive-constitutive properties, are in reaIity only 
approximately additive-constitutive; more accurate estimates require 
consideration of the perturbations induced by differing atomic envi- 
ronments. Such a perturbational approach has been taken (3, 4) for 
molecular dipole calculation. Bond dipoles are vectorially additive, but 
the effect of differing atomic environments has to be taken into account 
for more accurate molecular dipole estimates. 


In this study, the perturbational approach described previously (3-5) 
was applied topologically to arrive a t  numerical indexes appropriate to 
a given molecule. The indexes obtained for a hydrocarbon series have the 
same general attributes as the molecular connectivity index. The indexes 
obtained for a series of 51 aliphatic alcohols correlate with their aqueous 
solubilities similarly to the correlations reported when their molecular 
surface areas (6) or connectivity indexes (7) were used. These results 
suggest that the perturbational approach may provide a means of arriving 
at topographically consistent molecular refraction and charge esti- 
mates. 


EXPERIMENTAL 


Isolated atoms, when bonded, have their properties changed. The 
electron affinity toward an isolated atom differs from the electron affinity 
for a bonded atom. Hence, depending on the bonding about an atom, the 
electronegativity and, consequently, the charge and polarizability 
characteristics of the atom will vary. For a molecule such as isobutane 
(I) (hydrogen atoms suppressed for simplicity), a given atomic property 
for a bonded atom, 6,, may be said to be perturbed from the isolated atom 
value, 67, in a linear manner with respect to each similar atomic property 
for i ts  immediate neighbors. Thus, a set of equations may be written (one 
equation for each atom of the molecule) that  represents the existing 
perturbations within a molecule (Eqs. la-ld): ?4,' 


1 


I 


The coefficients yIJ provide a measure of the influence of bonded atom 
i on bonded atom j .  With numerical values for yl j  and a?, one can solve 
the simultaneous equations represented by Eq. 2 so as to estimate the 
atomic properties, 6,,  appropriate to the atoms in a given molecule: 


Inspection of Eq. 2 shows that the matrix of the yv coefficients has the 
form of a bonding or topological matrix. Therefore, a consistently applied 
set of arbitrary values for 6: and y,, may be used to arrive a t  topogra- 
phically meaningful indexes for the atoms of a molecule. The sum of the 
atom indexes would then provide a branching index. In this work, the 
following conditions were applied: (a) molecular structures were repre- 
sented with the hydrogen atoms suppressed; ( b )  6: values were chosen 
to correspond to the number of valence electrons on an atom (6; = 4; 68 
= 6); and (c) the value of yv (yl, = Y , ~ )  was taken as 0.1 for C-C and C-0 
bonds because such a value provides computed atom indexes, 6,, that are 
all positive. 
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Table I-Aqueous Solubilities of Aliphatic Alcohols and Topological Indexes 


Mole Fraction 
Compound Solubility, -log X z a  M’ A’ AR TSA” X b  


1-Butanol 
2-Methylpropanol 
2-Butanol 
I-Pentanol 
3-Methylbutanol 
2-Methylbutanol 
2-Pentanol 
3-Pentanol 
3-Methyl-2-butanol 
2-Methyl-2-butanol 
2,2-Dimethyl-1 -propano1 
1 -Hexanol 
2-Hexanol 
3-Hexanol 
3-Methyl-3-pentanol 
2-Methyl-2-pentanol 
2-Methyl-3-pentanol 
3-Methyl-2-pentanol 
2,3-Dimethyl-2-butanol 
3,3-Dimethylbutanol 
3,3-Dimethyl-2-butanol 
4-Methylpentanol 
4-Meth 1 2  pentanol 
P-Ethyl!x&nol 
Cyclohexanol 
1-Heptanol 
2-Methyl-2-hexanol 
3-Methyl-3-hexanol 
3-Ethyl-3-pentanol 
2,3-Dimethyl-2-pentanol 
2,3-Dimethyl-3-pentanol 
2,4-Dimethyl-2-pentanol 
2.4-Dimethyl-3-pentanol 
2,2-Dimethyl-3-pentanol 
3-Heptanol 
4-Heptanol 
1 -0ctanol 
2,2,3-Trimethyl-3-pentanol 
2-Octanol 
2-Ethylhexanol 
1 -Nonanol 
2-Nonanol 
3-Nonanol 
4-Nonanol 
5-Nonanol 
2,6-Dimethyl-3-heptanol 
3,5-Dimethyl-4-heptanol 
1 ,I-Diethylpentanol 
7-Methyloctanol 
3.5.5-Trimethvlhexanol 


1.7500 
1.7428 
1.7244 
2.3318 
2.2544 
2.2071 
2.0246 
1.9609 
1.9259 
1.6085 
2.0295 
2.9574 
2.6122 
2.5419 
2.1086 
2.2327 
2.4452 
2.4585 
2.1176 
2.8703 
2.3593 
2.7370 
2.5338 
2.9558 
2.1645 
3.5545 
2.8195 
2.7286 
2.5785 
2.6154 
2.5875 
2.6775 
2.9621 
2.8934 
3.1322 
3.1333 
4.0906 
3.0184 
3.8105 
3.9150 
4.7449 
4.4895 
4.4024 
4.3298 
4.2396 
4.2534 
4.0458 
4.1650 
4.2396 
4.2506 


26.11 
26.20 
26.24 
31.09 
31.20 
31.19 
31.22 
31.23 
31.33 
31.43 
31.43 
36.09 
36.22 
36.23 
36.47 
36.44 
36.35 
36.35 
36.58 
36.39 
36.55 
36.20 
36.33 
36.44 
37.35 
41.08 
41.43 
41.48 
41.47 
41.59 
41.58 
41.54 
41.44 
41.56 
41.22 
41.22 
46.08 
46.84 
46.21 
46.22 
51.07 
51.20 
51.21 
51.20 
51.21 
51.41 
51.49 
51.46 
51.20 
51.49 


0.972 
0.971 
0.972 
1.173 
1.171 
1.172 
1.172 
1.173 
1.172 
1.171 
1.167 
1.373 
1.373 
1.373 
1.371 
1.371 
1.372 
1.371 
1.369 
1.368 
1.368 
1.371 
1.371 
1.371 
1.324 
1.573 
1.571 
1.571 
1.572 
1.569 
1.570 
1.569 
1.572 
1.569 
1.574 
1.574 
1.773 
1.766 
1.773 
1.722 
1.974 
1.973 
1.974 
1.974 
1.974 
1.972 
1.971 
1.973 
1.971 
1.968 


0.624 
0.625 
0.641 
0.825 
0.823 
0.826 
0.841 
0.844 
0.843 
0.855 
0.823 
1.025 
1.042 
1.044 
1.056 
1.055 
1.044 
1.042 
1.055 
1.021 
1.040 
1.023 
1.041 
1.055 
0.995 
1.225 
1.255 
1.257 
1.259 
1.255 
1.257 
1.253 
1.246 
1.243 
1.240 
1.245 
1.226 
1.461 
1.435 
1.427 
1.374 
1.643 
1.644 
1.644 
1.645 
1.643 
1.645 
1.660 
1.623 
1.620 


272.1 
263.8 
264.1 
303.9 
291.4 
289.4 
295.9 
293.5 
284.3 
282.5 
283.5 
335.7 
327.7 
325.3 
305.8 
314.3 
314.3 
311.3 
301.2 
307.5 
296.7 
323.0 
314.9 
308.6 
290.5 
367.5 
346.1 
337.7 
324.4 
323.8 
321.8 
328.6 
331.7 
326.1 
357.1 
357.1 
399.4 
335.2 
391.0 
371.3 
431.2 
423.2 
420.8 
420.8 
420.8 
394.0 
379.3 
372.5 
418.7 
376.6 


1:ljecanoI 5.4438 56.07 2.174 1.826 463.0 


From Ref. 6. From Ref. 7 .  


RESULTS AND DISCUSSION 


The 51 aliphatic alcohols listed in Table I were the subject of a study 
correlating molecular surface area with aqueous solubility (6). The same 
alcohols were included in an investigation correlating aqueous solubility 
with the molecular connectivity index, x (7). These compounds represent 
a variety of n-aliphatic and branched aliphatic alcohols and constitute 
a good series for testing the relation between the newly derived branching 
index, M‘, and the molecular connectivity index. Linear regression per- 
formed on the indexes leads to the correlation equation: 


x = 0.0990(&0.0031)M’ - 0.3981(f0.1292) (Eq. 3) 
n = 51 s = 0.175 r = 0.976 F(1,49) = 982.7 


where n is the total number of compounds, s is the standard error of the 
estimate, r is the correlation coefficient, and F is the computed F ratio 
for the correlation. The values in parentheses beside each regression 
coefficient are the standard errors for the regression coefficient estimates. 
The correlation between the two indexes is highly significant ( p  < 
0.01). 


A comparison of atom indexes for select molecules is instructive. In 
the surface area approach (6) and the molecular connectivity approach 
(2), hydrogen atoms bonded to carbon are taken into account either ex- 
plicitly in terms of their contribution to a van der Waals radius or im- 
plicitly as the difference between the valence electron number and the 


2.414 
2.269 
2.269 
2.914 
2.807 
2.769 
2.769 
2.807 
2.641 
2.561 
2.561 
3.414 
3.269 
3.307 
3.122 
3.061 
3.179 
3.179 
2.943 
3.061 
2.943 
3.269 
3.124 
3.345 
3.393 
3.914 
3.561 
3.622 
3.683 
3.481 
3.504 
3.416 
3.552 
3.481 
3.807 
3.807 
4.414 
3.811 
4.269 
4.345 
4.914 
4.769 
4.807 
4.807 
4.807 
5.517 
4.628 
4.683 
4.769 
4.454 
5.414 


number of hydrogens bonded to an atom. In the present approach, hy- 
drogen atoms are not considered either explicitly or implicitly; a molecule 
is viewed as a linked chain of C and 0 atoms and with no other distinc- 
tion. 


Table I1 compares indexes for the methyl and methylene groups in 
1-nonanol. The surface area approach shows that the terminal methyl 
group differs from the methylene groups and that the methylene groups 
nearest the terminal points of the chain differ from those more central 
in the chain. A similar pattern is noted tor the atom indexes obtained in 
this work but not for the bond indexes obtained from the molecular 
connectivity approach. The molecular connectivity approach distin- 
guishes a terminal methyl group from internal methyl groups since the 
product ( l luf’*v~’*)  differs in each instance; but the methylene groups 
in the chain necessarily are identical as in this instance the product 
( I / u ~ / ~ u ~ ’ ~ )  is the same. Since the results o f  this work are purely topo- 
graphical in origin, methyl and methylene group distinctions apparently 
are a necessary consequence of both molecular topography (geometry) 
and atomic valency. The perturbational approach descrihed in this work 
can he extended to include hydrogens. In principle, both topographical 
;ind valency effects can he taken into account. 


Molecular branching or cyclization can affect the molecular physical 
properties by reducing the surface exposed to an external environmental 
influence. For example, neopentane as opposed to pentane has the central 
carbon atom effectively shielded from external influences by the methyl 
groups bonded to it. Cyclohexane as opposed to n -hexane has the inner 
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Table 11-Methyl and Methylene Group Distinctions in 1- 
Nonanol 


C H & H Z - C H ~ C H F C H ~ C H & H F C H ~ C H ~ ~ H  
9 8 7 6 5 4 3 2 1  


Group 


Atom Index 
ExDosed 


Surface Areaa 6i I l p  
59.15 
45.43 
39.80 
31.82 
31.82 
31.82 
31.82 
31.82 
42.75 
84.92 


6.51 1.000 
5.15 0.707 
5.01 0.707 
5.00 0.707 
5.00 0.707 
4.99 0.707 
4.99 0.707 
4.99 0.707 
4.94 0.707 
4.49 1 .000 


a From Ref. 6. * These atom indexes are used to derive a bond index, which is the 
basis of the approach in Ref. 1. 


surfaces of the ring atoms shielded from external influences to a greater 
extent than the outer surfaces of the ring atoms. Branched or cyclic 
substances will be expected to have lower surface areas, molecular re- 
fractions, and molecular volumes when compared with isomeric 
straight-chain substances. A branching index, irrespective of its origin, 
seeks to mirror this expectation. 


Table I11 compares the total surface area, the perturbationally derived 
index M’, and the connectivity index x for these illustrative compounds. 
The connectivity index for the acyclic hydrocarbons mirrors the order 
of their computed total surface areas, but a comparison of cyclic and 
straight-chain isomers shows that the order is reversed. Since the mo- 
lecular connectivity approach is bond centered and cyclic hydrocarbons 
contain one more bond than their acyclic counterparts, an amount cor- 
responding to the additional bond contribution should be subtracted from 
the computed x value for cyclic hydrocarbons when making such com- 
parisons (2). This adjustment properly orders x with respect to total 
surface area in a comparison of cyclic with noncyclic hydrocarbons. 


Since the perturbationally derived index is atom centered rather than 
bond centered, no adjustment for cyclic hydrocarbon indexes seems 
necessary. However, a comparison of M‘ with the total surface areas for 
the molecules in Table I11 shows that in each case the order is the reverse 
of that expected. This result can be traced to the fact that  in the pertur- 
bational approach the more highly substituted atoms have higher derived 
atom indexes. Hence, atoms that are more shielded from external envi- 
ronmental influences are weighted more heavily in M’ (I Z hi). 


An index that would weight shielded atoms less than those that are 
more external would be more physically realistic. For simplicity, one may 
make the definition A‘ = 2; (I/&), although such a definition still will tend 
to overweight heavily shielded atoms. This index provides the expected 
surface area ordering for the compounds of Table 111. When compared 
to the x index, the A’ index is slightly less satisfactory than M‘, as a sta- 
tistical comparison for Eqs. 3 and 4 shows: 


x = 2.573(fO.O88)A’ - 0.317(&0.138) (Eq. 4) 
n = 51 s = 0.197 r = 0.972 F(1,49) = 841.2 


The correlation coefficients and calculated F ratios for Eqs. 5 and 6 show 
that the x index has a slight statistical edge over A’ in correlating the total 
surface areas (TSA) for the alcohols in Table I: 


A‘ = 0.0060(f0.0003)TSA - 0.515(f0.103) 
n = 51 s =0.105 r = 0.943 F(1,49) = 394.4 


x = 0.0162(fO.O006)TSA - 1.883(10.230) 


(Eq. 5) 


(Eq. 6) 
n = 51 s = 0.234 r = 0.960 F(1,49) = 579.7 


The alcohol aqueous solubilities (Table I) have been correlated with 
total surface area (6) and with the x index (7). There are four fewer al- 
cohols in Table I than in the total surface area study (6); the four alcohols 
not considered are all long chain n-aliphatic alcohols and are equivalent 
to those in the study involving x .  The solubilities can be correlated by 
the respective indexes (Eqs. 7-9): 


-log X2 = 0.0185(&0.0006)TSA - 3.309(&0.220) (Eq. 7) 
n = 51 s = 0.224 r = 0.972 F(1,49) = 832.8 


-log X2 = 2.833(f0.140)A’ - 1.337(f0.218) (Eq. 8) 
n = 51 s = 0.311 r = 0.945 F(1,49) = 408.2 


Table 111-Accessible Area Distinctions between Select 
Molecules 


Molecular Index 
Total 


Surface 
Compound Structure Areaa M’ X A’ 


n-Pentane - 287.0 23.84 2.414 1.048 


Neopentane + 270.1 24.15 2.000 1.043 


n-Hexane - 319 28.84 2.914 1.248 


279.1 29.94 3.000 1.200 Cyclohexane 0 
Reference 6. 


-log X2 = 1.093(*0.042)~ - 0.961(f0.155) (Eq. 9) 
n = 51 s = 0.248 r = 0.965 F(1,49) = 673.5 


The computed correlation Coefficients and F ratios for these correlations 
indicate that total surface area provides a better fit and A’ a poorer fit 
of the data than does x .  All fits, however, are highly significant. 


For any isomeric aliphatic alcohol series, the aqueous solubility in- 
creases in the order: primary < secondary < tertiary. The increase in 
solubility tends to parallel the carbonium-ion stability and suggests a 
distinction in the C-0 bond character among primary, secondary, and 
tertiary alcohols. Such isomeric alcohols can be distinguished using the 
indexes described in the following way: ( a )  surface areas-separate the 
hydroxyl surface area (OHSA) from the total surface area to provide a 
hydrocarbon residue surface area (HYSA); ( b )  molecular connectiv- 
ity-separate the C-0 bond contribution (CCO) from x to provide the 
residual hydrocarbon index X R ;  and (c) perturbational-sum the atom 
indexes for a C-0 bond (A&,) and separate the result from A‘ to provide 
the residual hydrocarbon index A;. A regression analysis of the alcohol 
solubilities using the respective hydroxyl and hydrocarbon residue in- 
dexes leads to: 


-log Xp = 0.0265(*0.0028)OHSA 
+ 0.0184(fO.O006)HYSA - 3.6227(f0.2332) (Eq. 10) 


n = 51 s = 0.209 r = 0.976 F(2,48) = 480.7 


-log X2 = 25.62(f2.59)ALo + 2.91(f0.11)Ai - 8.94(*0.88) 
(Eq. 11) 


n = 51 s = 0.230 r = 0.971 F(2.48) = 394.5 


-log X2 = 3.060(f0.444)Cco + 1.064(f0.043)~~ - 2.074(f0.304) 
(Eq. 12) 


n = 51 s = 0.253 r = 0.965 F(2,48) = 323.4 


For this analysis, the surface area values provide only slightly better 
correlation than do the corresponding perturbational indexes. These 
correlations are somewhat more significant than the correlation using 
molecular connectivity indexes. 


A comparison of the correlation coefficients for the single-parameter 
and two-parameter relations (Eqs. 7-9 uersus Eqs. 10-12) is instructive. 
No appreciable increase in the correlation coefficient is noted for the 
relations involving either the surface area index or the molecular con- 
nectivity index. However, for the correlations involving the perturbational 
index, the correlation coefficient is improved. Apparently, the expected 
hydroxyl group influence in primary, secondary, and tertiary alcohols 
on aqueous solubility is reflected better by the perturbational approach 
than by either the surface area or molecular connectivity approach. 


CONCLUSIONS 


The perturbational approach described previously (3-5) for the cal- 
culation of molecular charges and dipole moments contains the essential 
features for arriving a t  a topographical index’. The original parameter- 
ization given for the calculation of molecular charges probably can be 
maintained unchanged and the calculations can provide a topographical 
index related to molecular refraction and volume as well as charges. A 


I Molecular connectivity indexes were derived for atoms, and these indexes were 
shown to correlate with CNDO/2 calculated electronic charges in alkanes. See L. 
H. Hall and I.. H. Kier, Tetrahedron, 33. 19.53 (1977). 
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combination of charge and molecular refraction indexes could extend 
greatly the applicability range of solubility-related correlation analyses 
such as have been reported for aromatic substances (8, 9). Since this 
approach is atom centered rather than bond centered, i t  appears highly 
suitable for arriving a t  molecular descriptors for pattern recognition 
studies (10,l l) .  
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Abstract The rheological properties of oil gels prepared by dispersing 
colloidal silica in n -dodecane and I-dodecanol were examined. The dif- 
ferences in gel strength using these two media were accounted for by the 
difference in the extent of hydrogen bond formation between the silanol 
groups on the silica surface. The incorporation of methyl salicylate further 
modified the rheological properties of the gels. The drug was capable of 
hydrogen bonding with silanol groups in the n-dodecane gels, which in- 
crease gel strength a t  low concentrations; at  high concentrations, the drug 
acted as a plasticizer. In I-dodecanol systems, the drug acted solely as 
a plasticizer. Adsorption studies showed that methyl salicylate was ad- 
sorbed only on the silica particles in the n-dodecane medium. Interaction 
of the drug with the silanol groups in the n-dodecane systems did not 
appear to effect methyl salicylate release from the gels. 


Keyphrases Gels-colloidal silica in n -dodecane and I-dodecanol, 
rheological analysis, hydrogen bonding, methyl salicylate incorporation 
and release Colloidal silica-in n -dodecane and 1-dodecanol gels, 
rheological analysis, hydrogen bonding, methyl salicylate incorporation 
and release o n -1)odecane-gels, colloidal silica, rheological analysis, 
methyl salicylate incorporation and release 0 1-Dodecanol-gels, col- 
loidal silica, rheological analysis, methyl salicylate incorporation and 
release Methyl salicylate-gels, colloidal silica, n -dodecane, l-dode- 
canol, rheological analysis 


Colloidal silicon dioxide (fumed silica), produced by the 
vapor-phase hydrolysis of silicon tetrachloride, is used 
widely in the pharmaceutical industry as a binder and 
glidant in tablets and as a suspendingagent and viscosity 
modifier in suspensions, ointments, and suppositories. Its 
use as a viscosity modifier is largely attributable to  the 
ability of the very small silica particles to form a network 
structure throughout the medium by interparticle hy- 
drogen bonding uia the silanol groups on the silica surface. 
In addition to these particle interactions, there is possible 
bonding between the silanol groups and other components 
that are also capable of hydrogen bond formation. A de- 
tailed investigation of this type of interaction was pub- 
lished (1). 


Modification of the magnitude of the interparticle in- 
teractions and production of ointment bases of different 
consistencies are possible by selecting, as dispersion media, 
oils that differ from each other in hydrogen bonding abil- 


ity. Incorporation of a drug capable of hydrogen bonding 
into such bases might be expected to  influence not only 
their rheological characteristics but also their drug release 
properties. 


The  object of this work was to quantify some of these 
phenomena by incorporating methyl salicylate into model 
gel systems prepared by dispersing fumed silica in the 
nonhydrogen bonding n-dodecane and the hydrogen 
bonding analog 1-dodecanol. The influences of silica and 
drug concentration on rheological and release properties 
are reported. 


EXPERIMENTAL 


Materials-Specially pure (99%) 1 -dodecanol’, laboratory reagent 
grade n-dodecane’ and BP quality methyl salicylate? were used as re- 
ceived. Colloidal silicon dioxide’ was dried for 1 hr a t  150° and stored in 
a desiccator prior to use. 


Gel Preparation-The requisite amount o f  continuous phase, con- 
taining drug where appropriate, was added to the silica, and the system 
was sonicated4 for 30 sec to ohtain a uniform dispersion. The gel was 
transferred to a glass container, sealed, and stored a t  40°. 


Hheological Properties-Dynamic rheological properties were 
measured using a modified Weissenberg rheogoniometer5 in conjunction 
with a digital transfer function analywr6. This rheogoniometer is one of 
the few commercially available instruments with facilities for both os- 
cillatory (dynamic) and continuous shear measurements. ’I’he viscoelastic 
properties of materials may he evaluated using the oscillatory technique, 
and its application to pharmaceutical semisolid systems was described 
previously (2 ,  3). 


I’arallel plate geometry (platen radius ot 3.75 cm) was used, and all gels 
were tested over the frequency range of 0.01-25.0 Hz using two torsictn 
strips (Nos. 6 and 7) to minimize problems associated with natural res- 
tinance (4 ) .  The measurement temperature, as monitored by a thermo- 
couple system7 embedded in the top platen, was 37 f 0 . 6 O .  Samples were 


* British Drug Houses I.td., Poole, Dorset, England. 
McCarthys Ltd., Romford, Essex, England. 
Aeriisil:~Oc), Rush, Heach and Segner Bayley Ltd., Lmdon, Kngland. 
Kerry Pl lL 55 ultrasonir hath. Kerry Ultrasonics I.td.. Hitchin, Hertn, En- 


gland. 
Rlfi San amo Ltd. Rogner Re is, En land 
JMifiOO/~XlfiO6, Shwtron Ltcf. Farn%orough, Hampshire, England. 
Type 1604 electronic thermometer, Cornark Electronics Ltd.. littlehanipton, 


Sussex, England. 
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Abstract  The  concentration ratios of parotid saliva to plasma lidocaine 
were determined in ra ts  after a single dose (10 mg of lidocaine/kg) and 
constant intusion (60 pg o f  lidocaine/kg/min). Parotid saliva and plasma 
samples were obtained a t  10,20, and 30 min after single-dose lidocaine 
administration and at  70,80, and 90 min after the initiation of a lidwaine 
iiilusion. T h e  saliva/plasma concentration ratios for lidocaine after sin- 
gle-dose administration decreased from 1.13 f 0.03 a t  10 min to  0.51 f 
0.06 a t  30 min, whereas the ratios determined during the  lidocaine infu- 
sion remained constant (0.43 f 0.03,0.45 f 0.03. and 0.43 f 0.04) over 
the time period tested. T h e  variable saliva/plasma concentration ratios 
chtained after single-dose administration may he associated with rapid 
drug distrihution between the plasma and peripheral compartments and 
variation in lidocaine binding to plasma proteins. However, during con- 
stant lidtraine infusion, a steady-state concentration was achieved within 
70 Inin, as  demonstrated hy the  constant salivalplasma concentration 
r;iticis. 


Kcyphrases  0 1,idocaine--concentration in parotid saliva and in hlood, 
single dose and continuous infusion, rats Anesthetics, local-lidocaine, 
concentration in parotid saliva and in blood, single dose and continuous 
inlusion, rats Saliva--1idocaine concentration alter single dose and 
w i t i n n o u s  infusion, compared to  serum Serum-lidocaine concen- 
I ration after single dose and continuous infusion, compared to saliva 


The secretion of pharmacological agents into saliva has 
been the subject of several investigations in animals and 
humans. Drugs such as  synthetic opium derivatives (l), 
barbiturates (2,3),  ethanol (4), and procainamide ( 5 )  have 
been detected and quantitated in saliva. Little or no in- 
formation is available, however, concerning the salivary 
excretion patterns of other antiarrhythmic agents in- 
cluding lidocaine. The work presented here reports the 
detection and quantitation of lidocaine in parotid saliva 
and plasma samples simultaneously collected from rats. 
Experiments were divided into two phases: single-dose 
lidocaine administration and constant lidocaine infusion. 


The  salivalplasma lidocaine concentration ratios were 
calculated in each experiment, and comparisons were made 
to determine whether parotid salivary secretion of lido- 
caine directly reflects plasma concentrations. 


E X P E R I M E N T A L  


Male Wistar rats, 200-230 g, were surgically prepared for drug ad-  


T a b l e  I-Rat P lasma a n d  P a r o t i d  Sa l iva  C o n c e n t r a t i o n  
Rat ios  of Lidocaine a f t e r  a S i n g l e  Dose a n d  a f t e r  C o n s t a n t  
Infusion 


Saliva/Plasma Concentration 
Ratios 


Constant Single 
Minutes" Infusionb Dose' 


10 (70) 0.43 f 0.03 1.13 f 0.03 
20 (80) 0.45 f 0.03 O.fi8 f 0.07 
:m (90) 0.43 f 0.04 0.51 f 0.06 


0 Time intervals in parentheses refer to  the collection periods employed in the 
During administration of a constant 


After the administratiiin of a single bolus dose 
constant 90-min lidocaine infusion; n = 9. 
lidwaine infusiun (60 pg/kg/min). 
of lidiicaine (10 mg/kg). 


ministration and parotid saliva collection by a reported method ( 6 ) .  T h e  
rats  were anesthetized with pentobarbital (50 mg/kg ip), and tracheo- 
tomirs were performed. With a dissecting microscope, both parotid ducts, 
I he lelt l'emoral vein, the  femoral artery, and t h e  brachial artery were 
hurgirally exposed for cannulation. 


T h e  parotid duct  was opened hy puncturing the  duct  membrane with 
I h c s  tip of'a 23-gauge needle; a polyethylene cannula (-275-0.015 mm i.d. 
x -0,600-0.150 mm o.d.) was inserted into the duct. A calihrated col- 
I W I  ing cannula (PE 60) was placed over the free end of the  parotid can- 
iiula lor measurement of salivary flow rates. T h e  collecting cannula was 
interchangeahle so tha t  sequential collections could he obtained. 


T h e  hrachial artery, t h e  femoral artery, and the  femoral vein were 
cannulated with polyethylene tubes (PI3 50). The  brachial artery was used 
~)r imari ly  tor the constant pilocarpine infusion (0.06 mg/min), and  the 
I'emoral vein was available as  the  administration route lor a single bolus 
di ise or constant infusion of lidocaine. T h e  femoral artery was used lor 
l)loiid sample collection. 


Saliva samples collected in this manner were transferred to appropriate 
vc.sscls hy flushing the  calibrated collecting cannula with a syringe con- 
tiiining distilled water. In the  first experiment (single lidocaine dose), 
pilocarpine (0.2 mg/ml) was infused over 30 min to induce salivary se- 
cretion into the hrachial artery a t  a ra te  of 0.3 ml/min. At the heginning 
111' the  pilocarpine infusion, a single lidocaine dose (10 mg/kg) was ad-  
ministered intravenously into the  femoral vein. Samples were collected 
10, 'LO, and 30 min after lidocaine administration. Blood was collected 
simultaneously with saliva collection into heparinized capillary tubes 
and centriluged, and the plasma was removed. Saliva was collected into 
precalibrated capillary tubes and stored for analysis (Fig. la). 


In the  second experiment, lidocaine was infused a t  a rate of 60 
pg/kg/min through the  femoral vein. After 1 hr of lidocaine infusion, a 
pilocarpine infusion (0.2 mg/ml) was started a t  a rate of 0.3 ml/min. Both 
the  pilocarpine infusion and the  lidocaine infusion proceeded coinci- 
tit-ntally without interruption for the remaining 30 min of  this experi- 
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F i g u r e  I-Experimental approach in determining h h d  and parotid 
saliva lidncaine concentrations utilizing singlr-dose lidocainr ndmin- 
istration (10 mglkg) (a) and constant lidocainc. infusion (60 pglkglmin) 
(b) in the rat model. 
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1 0  - 20 30 (SINGLE DOSE) 
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MINUTES 
Figure 2-Mean rai plasma and saliva concentrations (*SEM) of 
lidocaine. Each concentration is the mean of nine individual rat ex- 
periments. Key: A, plasma and saliva concentrations after single dose; 
and 0 ,  plasma and saliva concentrations after constant infusion. 


inent. Total lidocaine infusion did not exceed 2.7 ml over 90 min. Saliva 
and blood samples were collected at  70,80, and 90 min after the initiation 
id lidocaine infusion (Fig. lb). 


Iidcraine analysis was accomplished utilizing a commercially available 
enzyme multiplier immunoassay technique kit'. 


RESULTS AND DISCUSSION 


Following a single lidocaine dose (10 mg/kg), the lo-, 20-, and 30-min 
mean ( f S E M )  plasma concentrations were 5.30 f 0.42,3.40 f 0.35, and 
2.57 f 0.28 pg/ml, respectively (Fig. 2). The corresponding parotid saliva 
croncentrations were 6.00 f 0.40,2.30 f 0.37, and 1.34 f 0.25 pg/ml. The 
mean saliva/plasma concentration ratios were 1.13 f 0.03,0.68 0.07, 
and 0.51 f 0.06 a t  these three time periods (Table I). 


During a constant lidocaine infusion (60 pg/kg/min), the mean 
( fSEM)  plasma concentrations obtained a t  70,80, and 90 min were 0.99 
f 0.08, 1.00 f 0.08, and 1.18 f 0.15 pg/ml, respectively (Fig. 2). The 
corresponding parotid saliva concentrations were 0.43 f 0.03,0.45 i 0.03, 
and 0.51 f 0.03 pg/ml, respectively. The mean saliva/plasma concen- 
tration ratios were 0.43 f 0.03,0.45 f 0.03, and 0.43 f 0.04 a t  these times 
(Table I).  


In single-dose lidocaine experiments, the saliva/plasma ratios were not 
constant over 30 min. At the initial 10-min sample collection, the saliva 
lidocaine concentration was significantly higher than that in plasma. The 
saliva lidocaine concentrations fell below the plasma concentrations, 
however, during suhsequent sample collection periods. These results 
indicate that salivary lidocaine secretion was markedly greater during 


EMIT system. Syvo Co.,  Palo Alto. Calif. 


the first 10 min than a t  the later two collection periods. 
This particular finding is best explained by this drug's rapid distri- 


Ijution and redistribution among various tissues in the body. This hy- 
pothesis is supported by distribution studies using 14C-lidocaine (7). 
Following administration, lidocaine distributed quickly within the first 
10 min to the liver, gut, kidney, muscle, and adipose tissue (7). In the first 
10 min of the present study, the parotid salivary concentration exceeded 
plasma levels and then decreased. Because of the dynamic changes oc- 
curring during this period, the saliva/plasma concentration ratios were 
not constant. However, the saliva/plasma concentration ratio at 30 min 
was 0.51 f 0.06. Concentration ratios for the single lidocaine dose were 
not estimated beyond this 30-min period. If samples had been obtained 
at  later times (in the postdistributive phase), the saliva/plasma ratio 
might have tended to be constant and might have approached values of 
0.43-0.45 as occurred during the constant infusion. 


During a constant (90-min) lidocaine infusion, the saliva/plasma 
concentration ratios remained unchanged a t  70-, 80-, and 90-min sample 
collection periods, indicating that a steady state was achieved. The mean 
saliva/plasma concentration ratio was 0.44. Thus, about 44% of the plasma 
lidocaine concentration could be found in the parotid saliva a t  any time 
during the 30-min sample collection period. 


Tucker et al. (8) performed in vitro studies indicating that lidocaine 
is protein hound and that the degree of binding to human plasma proteins 
is dependent on the plasma lidocaine concentration. A t  a 5-pg/ml plasma 
concentration, only 45% was present as unbound drug and the remainder 
was hound to plasma proteins. In the present study during constant 
lidtraine infusion, a plasma concentration of -1.0 pg/ml yielded a parotid 
saliva concentration that corresponded to 44% of the total plasma con- 
centration. If one accepts the premise that the parotid salivary drug 
conrentration reflects the free form of a drug in plasma, then the per- 
centage of lidocaine unbound in rat plasma, at 1 pglml of plasma, appears 
to be about 44%. This value compares favorably with the results of Tucker 
I,( a / .  (8) and suggests that saliva reflects the free (nonprotein-bound) 
drug concentration in the plasma. 
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Abstract 0 Results of initial studies on methods for determining various 
model parameters are reported. By employing excised hairless mouse skin 
in a diffusion cell system, numerous model parameter values were de- 
duced. The stratum corneum permeability was estimated from steady- 
state fluxes with preparations of heat-separated epidermal membranes. 
Determinations of dermis diffusivities and enzyme rate constants in situ 
involved considering the simultaneous transport and the enzyme pro- 
cesses and factoring the diffusivities and enzyme rate constants from the 
overall kinetics. Dermal diffusivities were on the order of cm2/sec 
for vidarabine and its 5'-valerate ester. The enzyme rate constants were 
1.70 X sec-' for the esterase and 8.68 X sec-l for the deami- 
nase. 


Keyphrases 0 Vidarabine valerate-topical dosage forms, prodrugs, 
physical models, pharmacokinetics Antiviral agents-vidarabine 
valerate prodrugs, topical dosage forms, physical models, pharmacoki- 
*tics 0 Prodrugs-vidarahine valerate, topical dosage forms, physical 
models, pharmacokinetics Models, physical-vidarabine valerate 
prodrugs, topical dosage forms. mouse skin 0 Pharmacokinetia- 
vidarabine valerate prodrugs, topical dosage forms, physical models 


A physical model for the topical delivery of an ester 
prodrug of vidarabine (9-0-D-arabinofuranosyladenine) 
(I)  was presented previously (1). The model treats the skin 
as a two-ply membrane composed of a stratum corneum 
and a viable cutaneous tissue. When the I prodrug is ap- 
plied on the skin surface, the prodrug is transported across 
the stratum corneum and reaches the viable cutaneous, 
tissue where the esterase converts some of the prodrug to 
I and the deaminase metabolizes a portion of the latter to 
its metabolite, 9-0-aarabinofuranosylhypoxanthine (11). 
Concurrently, all three species diffuse toward the blood 
sink. 


The mathematical problem of the simultaneous diffu- 
sion and bioconversion was solved, and the solution pro- 
vided expressions for the concentration-distance profiles 
in the cutaneous tissue as well as for the transport rates of 
the three species into the bloodstream. Simulation calcu- 
lations (Figs. 3 and 4 in Ref. 1) showed the influences of the 
stratum corneum permeability and the esterase activity 
on prodrug bioavailability'. Since knowledge of the actual 
parameters would make the proposed physical model 
useful for quantitative predictions and mechanism eval- 
uations in topical bioavailability, it was desirable to de- 
velop methods for parameter determinations. These pa- 
rameters include the stratum corneum permeability 
coefficients and the dermis diffusivities for the prodrug, 
the drug, and the metabolite; the enzyme rate constants 
for the esterase and the deaminase reactions; and the skin 
thickness. 


I Prgdrug bioavailability is defined as the topically available concentration of 
the parent drug in the cutaneous tissue. 


The present paper reports the results of an initial in- 
vestigation on methods for determining these parameters. 
Vidarabine-5'-n-valerate (111) was selected as the prodrug 
because preliminary experiments showed that I11 is sig- 
nificantly deacylated by the hairless mouse skin. 


By employing excised hairless mouse skin in a well- 
designed in uitro experimental system, all parameters 
could be determined. The skin thickness could be mea- 
sured with a micrometer by sandwiching the specimen 
between two glass slides. The  stratum corneum perme- 
ability coefficients could be determined in a diffusion cell 
with preparations of the heat-separated epidermal mem- 
brane2. The evaluations of dermis diffusivities and the 
enzyme reaction rate constants, however, presented certain 
difficulties because of the simultaneous transport and the 
enzyme processes and because of the need to factor out the 
diffusivities and the enzyme reaction rate constants from 
the overall kinetics. The proposed procedures combined 
experiments and theory in a novel way and provided the 
means for determining the transport and enzyme activity 
parameters in the tissues. 


THEORY 


Aqueous Permeability Coefficient ( PmP) Determinations-Al- 
though the transport resistances arising from the aqueous diffusion layers 
generally do not greatly influence the overall transport and metabolism, 
estimations of them are desirahle. The following procedures provide the 
means for approximating Paq. 


The aqueous diffusion layer thickness, h ,  may be determined by con- 
ducting a dissolution rate experiment with a reference solute (such as 
benzoic acid) for which both the solubility and the diffusivity are known. 
The data are plotted as In [CJ(C, - C,)] uersus t .  which gives a slope 
equal to (Dlh) (area/volume) according to the dissolution rate equa- 
tion: 


where C. is the solubility of benzoic acid, C, is the concentration of 
benzoic acid a t  time t ,  ti is the extrapolated lag time at which the first 
benzoic acid molecule theoretically appeared in the bulk solution, area 
is the dissolutional area of the benzoic acid pellet, volume is the bulk 
solution volume, and D is the aqueous diffusivity of benzoic acid (2). 
Therefore, h may be calculated from the slope. 


The aqueous diffusivities of I, 11, or 111 may be estimated using: 


I), = k ) ' ' 3 D  (Eq. 2) 


where i = I, 11, or 111; M is the molecular weight of benzoic acid; Mi is the 
molecular weight of species i; I1  is the aqueous diffusivity of benzoic acid 
and D, is the aqueous diffusivity of species i .  


* Scotch-tape stripped skin wah also employed. Data from these preparations 
and those obtained from full-thickness skin may be used to calculate the stratum 
wrneum permeability coefficients. 
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- n  0 m h  
Figure 1-Go-through experiment. Key: M, viable epidermis and 
dermis; Aq, aqueous diffusion layer; F, flux of diffusant; and S t ,  
stirrer. 


The P aq of I, 11, or 111 in the aqueous diffusion layer is simply: 


(Eq. 3) 


Membrane-Water Partition Coefficient (Kd,)-By the defini- 
tion of partition coefficient, the following relationship exists: 


(Eq. 4) 


where, for species i ,  [C,]i is the equilibrium concentration of i in the 
membrane, 1C,]i is the equilibrium concentration of i in the aqueous 
solution, (M,)i is the mass of i in the membrane at equilibrium, (Mu)i 
is the mass of i in the aqueous solution at equilibrium, V ,  is the mem- 
brane volume, and V ,  is the aqueous solution volume. 


The (M,)i may be expressed in terms of (M,)i and (wo,)i, the total 
mass of i initially present in the aqueous solution: 


(Eq. 5) (Mm)i = (Mt), - (Mw)i 


Therefore, Eq. 4 may be rearranged to give: 


(Eq. 6) 


where [C”,i is the initial concentration of i in the aqueous phase. By 
assaying [CE]i and [C,]i, (KmiW)i may be determined by Gq. 6. 


Diffusivity and Permeability Coefficient Determinations-With 
a diffusion cell, the steady-state flux method may he used for the deter- 
minations of permeability coefficients of I, 11, or 111 in different skin 
preparations (epidermal membrane or dermis) according to: 


ACi (Eq. 7) 
1 2  


where Fi is the steady-state flux of diffusant i ,  Pi is the permeability 
coefficient of i ,  and ACi is the concentration gradient of i across the 
membrane. 


The diffusivity, Di, may be related to Pi, (KmlW)i, and m, the thickness 
of the membrane, by: 


p,+p, 


(Eq. 8) 


Simultaneous Determinations of Diffusivity and Enzyme Reac- 
tion Rate Constant in  “Go-Through” Experiments-In the present 
studies, an inhibitor of the esterase activity was not employed. Therefore, 
a direct measurement of the prodrug diffusivity in the dermis was not 
possible. However, the diffusivity may be determined indirectly in the 
following manner. Figure 1 illustrates the go-through experiment that 
provides a situation for determining simultaneously the diffusivity of a 
prodrug and its esterase activity. The system consists of two identical 
aqueous diffusion layers and a membrane in between. The membrane 
is assumed to have a homogeneous enzyme distribution3. The diffusivity 
is assumed to be constant3 through the membrane. 


The enzymatic reactions involved are taken as simple first-order re- 
actions for mathematical simplicity. Sink conditions on the receiver side 
and steady-state conditions are assumed to prevail throughout the ex- 


A more general case with variations in diffusivity and enzyme reaction rate 
constants with respect to position in the membrane will be considered later. 


perimental period. Based on these assumptions, the mathematical 
problem for the simultaneous diffusion and bioconversion may be set up 
and the differential equations describing the steady-state simultaneous 
diffusion and bioconversion of a prodrug may be written as: 


where V,  A, and H are concentrations of the prodrug, drug, and metab- 
olite, respectively; Dv,  DA, and DH are diffusivities of the prodrug, drug, 
and metabolite in the membrane, respectively; and kl and kp are first- 
order rate constants for the bioconversion shown in Scheme I: 


k i  k z  


esterase deaminase 
prodrug - drug - metabolite 


Scheme I 
When an inhibitofl is used to block the deaminase activity, the situa- 


tion is simplified and involves only the first step of the bioconversion. 
Then the differential equations become: 


For the steady-state situation and sink conditions, the boundary condi- 
tions at  x = 0 are: 


At x = m, they are: 


- DA 21 = Paq[A(m)  - 01 dx x-m 


With these boundary conditions, analytical solutions (Appendix I) for 
Eqs. 12 and 13 may be obtained. These solutions give concentration- 
distance profiles of the prodrug and drug in the domain of 0 < x 5 m. The 
species flow into the receiver chamber is, by definition, the product of 
the diffusivity and the derivative of ihe concentration with respect to x 
at x = m. Therefore, the fluxes, Fhv and FhA. are related to DV and kl 
by: 


where: 


(Eq. 18) 


(Eq. 19) 


4 An inhibitor of deaminase activity, covidarabine, was provided by Dr. T. H. 
Haskell, Warner-LambertParke-Davis, Ann Arbor, MI 48106. 
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Figure 2-In-and-out experiment. Key: M, viable epidermis and der- 
mis; S,  stratum corneum; Aq, aqueous diffusion layer; and St ,  stirrer. 


Similarly, species flow at  ,x = -n may be expressed by: 


F-,V = - y DvKl  sinh K l m  + A cosh Klm]  (Eq. 20) I W m / w  1 v 


sinh K l m  +A cosh K l m ]  + J.  (Eq. 21) 
W m / w  1 v 


where F-,v is the prodrug transport rate from the donor chamber into 
the membrane and F - n ~  is the back-diffusion rate of the drug out of the 
membrane and into the donor side. 


Examination of Eqs. 18-21 demonstrates that: 


F-,v + F-,,A = Fhv + FhA (Eq. 22) 


Equation 22 is a mathematical statement of the prevailing steady-state 
condition at which the net flux into the membrane at x = - n is equal to 
the total flux out of the membrane at x = h. 


Equations 18-21 may be used to determine simultaneously k l  and DV 
from the measured fluxes and the predetermined DA. These equations 
are more than adequate since there are four equations and only two un- 
knowns. In the conversion of the parent drug to its metabolite, the un- 
known reduces to kp only since DA and DH are predetermined. The 
equations involved in the k2 determination are: 


(Eq. 24) 


F-,,A = - d D A K ~  sinh Kzm + A cosh K2m] (Eq. 25) I (Km/w)A 


F-,,H = 6 D A K ~  sinh K2m + - I 
where: 


K 2 =  a 


Enzyme Reaction Rate Constants in "In-and-Out" Experi- 
ments-A modification of the go-through design (Fig. 2) involves sub- 
stituting one side of the diffusion cell with an impermeable glass plate. 
In this case, the prodrug (or drug) in the bulk solution is allowed to 
penetrate from the dermis side and is metabolized by the cutaneous en- 
zymes. The products then back-diffuse into the bulk phase. 


The solution to the mathematical problem for such an in-and-out 
system provides equations for the determination of the enzyme reaction 
rate constants from the observed fluxes. The mathematics are similar 


to those for the go-through case but with different boundary conditions. 
For the determination of kl in the presence of covidarabine, the relevant 
differential equation is: 


D v , - k l V =  0 (Eq. 27) 
d2V 
dx 


and the boundary conditions at  x = 0 are: 


At x = m, they are: 


(Eq. 29) 


The solution (Appendix ZZ) to Eq. 27 gives the concentration-distance 
profiles of the prodrug in the domain 0 5 x 5 m.  Taking the derivative 
at  x = m and relating the derivative to the flux by Fick's law give: 


where Fhv is the flux of the prodrug transporting into the dermis from 
the bulk solution and (KrnlW)v is the partition coefficient of the prodrug 
between the dermis and the aqueous phase. Therefore, kl may be de- 
termined from the observed flux using Eq. 30. A similar expression may 
be obtained for kz: 


where FhA is the flux of the drug transporting into the dermis from the 
bulk solution and (Krniw)A is the drug partition coefficient between the 
dermis and the aqueous phase. 


EXPERIMENTAL 


Material~-~H-2-F and 3H-2-II16 were used as received after the 
purity was checked by TLC. 3H-2-II was made from the enzyme con- 
version of 3H-2-I by a commercial adenosine deaminase' followed by TLC 
examination of purity. Compounds IS,IIS, and IIIS were used to make a 
l-pg/pl aqueous solution for UV visualization of the respective TLC spots. 
Covidarabine was dissolved in distilled water to make a 5-pg/ml solution 
before use. 


The liquid scintillation counter cocktaillo was stored in a dark place, 
and 5 ml was transferred by a repipet into each vial for the scintillation 
counting. Male hairless mice", -8-12 weeks old, were employed. Normal 
saline12 was used for all experiments as a bulk phase solution. A derma- 
tome13 was employed for slicing the skin. 


Diffusion Cells-A modified Karush-type diffusion cell14 was further 
modified by a local glass shop; a 3-cm stirring shaft was attached for each 
half-cell. The stirrer, made of stainless steel and equipped with a small 
polytef propeller -8 mm in length, was driven by a 150-rpm constant- 
speed motor15. The sampling ports, one for each half-cell, were 1 cm in 
length. The volume of each half-cell was -3 ml. The effective diffusion 
area was 1.767 cm2. 


With the membrane in between, the two cell halves were assembled 
as shown in Fig. 3 using a No. 18 spring clamp. The assembled cell was 
then immersed in a 37' water bath so that the stirring and sampling ports 
were the only cell components above the water bath surface. A cell was 
then ready for a go-through experiment. A smaller cell, 1.5-ml half-cell 
volume and 0.7126 cm2 diffusion area, also was used in permeability ex- 
peuments. 


A specially designed glass cell (Fig. 4) was employed for the in-and-out 
experiments. The cell consisted of a glass plate and a modified half-cell 
of a regular diffusion cell. The glass plate was for blocking the stratum 


New England Nuclear, Boston, MA 02118. 


Boehringer Mannheim GmbH, 15069 EAAT, Germany. 
Calbiochem, Los Angeles, CA 90054. 


6 Courtesy of Dr. A. J. Glazko, Warner-Lambert/Parke-Davis. Ann Arbor, MI 
48106. 


Y Courtesy of Dr. D. C. Baker, Warner-LamberUParke-Davis, Ann Arbor, MI 


10 Aquasol. New England Nuclear, Boston, MA 02118. 
I' HRS/J mice, Jackson Laboratory, Bar Harbor, ME 04609. 
12 Sodium chloride irrigation (0.9%). Abbott Laboratories, North Chicago, IL 


Castroviejo, a small electrical dermatome, Storz Instrument Co., St. Louis, 


48106. 


60064. 


MO 68110. 
l4 Bellco, Vineland, N.J. 
l5 Hurst, Princeton, Ind. 
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Table I-Permeability Coefficients of 1-111 in Full-Thickness, 
Hairless Mouse Skin 


LLJ 
(0 


L L, 


Mouse 


C 


Permeability 
Coefficientsa, 
x 10s cm/sec 


I I1 111 
~ _ _ _ _ _ _ _  


801034b 2.96 1.82 - 


611031 after 6 hr of soaking in saline 1.87 - 
2.33 - 5.43 


- 
611031 


a Calculated from steady-state fluxes using Eq. 7, where Paq was 1.05 X 
cm/sec. * Raw data are shown in Fig. 12. 


corneum side of the skin so that no drug could escape from that side. The 
half-cell opening was 0.635 cm in diameter, providing a 0.317-cm2 ef- 
fective contact area between the skin and the bulk solution, which was 
1 ml in volume. The cell was equipped with two ports, one for the stirrer 
and the other for sampling. The two parts of the cell were held together 
by a No. 12 spring clamp. The assembled cell was immersed in a 37' 
constant-temperature water bath in the same way as was the go-through 
cell, and the cell contents were stirred continuously a t  150 rpm. 


Procedure for  Skin Preparations-A male hairless mouse, -6-12 
weeks of age, was sacrificed by snapping the spinal cord a t  the neck. A 
square section of the abdominal skin, -3 cm in each dimension, was ex- 
cised from the animal with surgical scissors. After the incision was made, 
the skin was lifted and the adhering fat and other visceral debris were 
removed carefully from the under surface. Prior to removing the skin, 
a uniform circle was made on the abdomen with a marker pen, using the 
diffusion opening of a half-cell as the template. This circle marked the 
precise skin section to be positioned between the half-cells. After the skin 
was mounted between half-cells and clamped, the excess skin was 
trimmed. 


For a dermis preparation, the top 50-150 pm of the abdominal skin 
was removed with a dermatome before any incision was made. Although 
the dermatome was preset a t  100 gm, the thickness of the removed layer 


Figure 3-Diffusion cell for the go-through experiment. Key: A, stirrer 
port; B, sampling port; and C ,  spring clamp. 


Figure 4-Diffusion cell for the in-and-out experiment. Key: A, stirrer 
port; B ,  sampling port; and C ,  spring clamp. 


varied from 50 to 150 g m  due to the different pressures applied by hand 
from one preparation to another. After planing, the remaining dermis 
was excised from the animal and mounted between half-cells as before. 
The dermis thickness was measured with a micrometer before and after 
the experiment by sandwiching the membrane between two glass 
slides. 


An epidermal membrane was prepared by a heat separation method 
(3). A sacrificed mouse was water bathed at 60° for 30 sec, and the body 
was dried with cleaning tissue. The abdominal skin was marked as usual. 
The edge of a square, 3 cm in each dimension, was cut to the required 
depth by a surgical scalpel. A disposable tip of an Eppendorf pipet was 
employed to separate the epidermal membrane. Due to the thinness of 
the membrane, the procedure was carried out with care to prevent holes. 
The separated membrane was spread out on the surface of a saline so- 
lution and examined for holes. The membrane was then mounted between 
half-cells for an experimental run. 


Stripped skin was obtained by stripping the stratum corneum off with 
tapeI6 25 times. The stripped skin was then excised from the animal and 
was ready for an  experimental run. 


Preparations of full-thickness skin were used for the in-and-out ex- 
periment to determine the enzyme reaction rate constants. The dermis 
was employed in the go-through experiment for both the determination 
of the enzyme reaction rate constants and the diffusivity calculation. For 
the permeability studies, all kinds of skin preparations were used. 


TLC-Precoated silica gel TLC plated7 were used to isolate 1-111. The 
eluent was the lower layer of a mixture of 3% acetic acid-methanol- 
chloroform (1:2:3). With a disposable micropipetls, a 3-pl aliquot of the 
bulk solution (or the receiver chamber solution in a go-through experi- 
ment) was spotted on a TLC plate, followed by an  equal volume of the 
nonradiolabeled compound solution for visualization. The plates were 
developed in a closed chamber for 2-3 hr until the solvent front reached 
15 cm from the origin. 


After residual solvcnt evaporation, the spots were localized by UV light. 
A square, -2.5 cm in each dimension with the spot in the center, was 
scraped off and collected in a scintillation vial. To each vial, 5 ml of the 
scintillation counter cocktail was added. After overnight equilibration 
in the dark, the samples were counted in a liquid scintillation 
counter'g. 


~~ ~ 


' 8  Scotch. 
17 Silica gel 60 F-254, Brinkmann Instruments, Westbury, NY 11590. 
In Unopette, A. H .  Thomas Co., Philadelphia, PA 19105. 
19 Reckman LS-200, Beckman Instruments, Fullerton, Calif. 
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Table 11-Permeability Coefficients and Diffusivities of 1-111 in the Dermis Membrane Preparations 


Thickness Permeability Coefficients", Diffusivities *, 
of Dermis, x 1oj cm/sec x 106 cm2/sec 


Mouse pm I I1 I11 I I1 111 


703153c 
703153 after 30 hr of soaking in saline 
611032 


320 
320 
400 


4.43 4.48 4.06 1.79 1.77 - 
4.76 - - 1.93 - - 
1.87 - 1.30 0.95 - - 


703154 400 2.59 1.96 - 1.31 0.98 - 
- 0.97 706081 400 


Average 1.50 1.38 0.97 
cm/sec. 


in Table IX. c Raw data shown in Fig. 10. 


- - - - 


* Calculated from steady-state fluxes using Eq. 7, where Fa was 1.05 X Determined by using Eq. 8, where (l<,,,)i values were the average values shown 
From a rigorous &termination (Table XIII) as discussed in the text. 


Liquid Scintillation Counting-Samples from a given experiment 
always were counted along with a blank control. For samples from TLC 
plates, the control was prepared from a blank plate that had been eluted 
along with the sample plates. For solution samples, the blank was pre- 
pared from a saline solution. 


Vials containing silica gel were counted on the 2nd day after the ad- 
dition of the cocktail, while those containing no silica gel were counted 
on the same day. The quenching effect of the silica gel was a function of 
time for the first 3 hr after the cocktail addition and then reached a stable 
state corresponding to -50% quenching. Accordingly, the TLC samples 
were counted on the 2nd day after the cocktail addition. The counts per 
minute value was converted into percentage concentration on the basis 
of the prevailing mass balance in an in-and-out experiment. 


Leaching of Enzymes from Dermis Side-A full-thickness skin 
preparation was mounted in the in-and-out cell as described. A 1.0-ml 
aliquot of saline was introduced into the chamber and stirred. A 100-pl 
aliquot of the bulk solution was withdrawn and transferred into a small 
vial a t  predetermined times, and 100 p1 of fresh saline was added to the 
Ilulk solution immediately after each withdrawal to keep a constant 
volume. Necessary corrections for the dilution were made accordingly. 


Except when a sample was taken, the sampling port was covered to 
avoid evaporation. The aliquots withdrawn were incubated with 1 FCi 
each of 3H-I or 3H-III to determine the enzyme activity. The initial en- 
zyme reaction rate was taken as a measure of the enzyme concentra- 
tion. 


Aqueous Permeability Coefficients-For dissolution rate deter- 
minations, benzoic acidz0 pellets were prepared by directly compressing 
100 mg of the material in a die, 1.3 cm (0.5.in.1 i.d., under a force of 1362 
kg (3000 lb) using a laboratory press2'. The pellet was mounted on the 
opening of the in-and-out cell and secured firmly by coating the "pellet 
and cell" setup with melted paraffin. One milliliter of 0.01 N HCl, 
equilibrated at  37O, was introduced into the chamber a t  zero time. The 
stirring speed was maintained at 150 rpm during dissolution. To measure 
the dissolution rate, the amount of benzoic acid dissolved in the solvent 
was analyzed against time. 


Membrane-Water Partition Coefficient Determinations-Dermis 
preparations of -100-200 mg were equilibrated with solutions of 3H-I 
or 3H-II in vials for 12 hr at 37'. Covidarabine, 5 pg/ml, was included in 
the solutions to inhibit "-1 deamination. The initial and equilibrium 
concentrations of the bulk 3H-I or 3H-II solutions were assayed by scin- 
tillation counting. The dermis preparations were weighed before equili- 
bration, and their volumes were calculated from the weights and average 
density of the skin. 


The average skin density was obtained in the following manner. A 
full-thickness skin of -400-600 mg was weighed before being transferred 
into a finely calibrated 10-ml graduated cylinder, which contained 8 ml 
of a detergent22 solution. The skin was carefully unfolded with a needle 
after being submerged in the solution. The detergent helped remove 
bubbles from the skin surface. To obtain the density, the weight was di- 
vided by the volume increment of the detergent solution. 


Diffusivity and Permeability Coefficients-The membrane was 
mounted between the two half-cells immediately after preparation, and 
appropriate volumes (as specified in a given experiment) of saline solution 
and covidarabine were introduced into each chamber. Five minutes was 
allowed for the cell wall, the membrane, and the bulk solution to reach 
thermal equilibrium with the water bath. Compound 3H-I, 3H-II, or 
:{H-III was introduced into the chamber, which faced the epidermal side 
of the membrane (the donor chamber). A 50- or 100-pl sample from the 
receiver solution was withdrawn at predetermined times and was trans- 
ferred immediately into a scintillation vial containing 5 ml of the scin- 
tillation counter cocktail. The donor solution concentrations were de- 
termined in the same way during the 1st min of the run and at  the end 
of the run. All samples were counted together on the liquid scintillation 
counter. 


Go-Through Experiment-The procedure was the same as that for 
the diffusivity experiment except that instead of obtaining the total 
counts per minute for each sample, the 3-pl sample solution was subjected 
to TLC separation before counting to determine the individual fluxes 
for I, 11, or 111. 


In-and-Out Experiment-A full-thickness skin sample was mounted 
between the glass plate and the half-cell of the in-and-out cell in such a 


I 
nlSTANCE FROM ORIGIN, cm 


0 u,u 5 
2 4 6 8 10 12 1; 


Figure 5-TLC ofa h - m i n  incubation sample from an in-and-out ex- 
periment of I .  


20 .I. T. Baker Chemical Co., Phillipshurg, N.J. 
21 Model B, Fred Carver Inc., Summit, N.J. 


, 1 0  20 30 40 50 60 
MINUTES 


Figure 6-Correction for the bulk phase metabolism in the in-and-out 
experiment of I .  The slope of the corrected line is -0.222% lmin. Nu- 
merical data are shown in Table VI. Key: 0, observed; and ., cor- 
rected. 


22 Alconon, Aleonox, Inc.. New York, N.Y. 
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Table 111-Determinations of kl and ka from the In-and-Out 
Experiments 


Correla- 
Esterase tion 


k, x 104 Coeffi- 
Slope’ sec-l cients 


Deaminase 


Slope“ sec-l 
k p  X 102, 


~~ 


Mouse 


702245 - - -0.0562 0.104 0.9814 
611033b - - -0.0558 0.103 0.9626 
70301 1 - - -0.0641 0.124 0.9817 


-0.222 1.154 - - 0.9538 
611032 -0.224 1.178 - - 0.9924 
608261 


611031d preleached -0.203 0.948 - - 0.9954 
fnr I ht  --- . __- 


Average 1.093 0.110 


a Slopes of linear regression lines from concentration-time plots. Steady-state 
fluxes were obtained from slopes according to flux = (slope)(volume/area), where 
volume = 1.0 ml and area = 0.317 cm2. Then kl and kz were calculated from these 
fluxes using Eqs. 30 and 31, respectively. b Raw data are shown in Fig. 16. C Raw 
data are shown in Fig. 6. Raw data are shown in Fig. 8. 


way that the dermis side faced the bulk solution and the stratum corneum 
side was covered by the glass plate. A 1.0-ml aliquot of saline was intro- 
duced into the chamber. For the K1 determination, 50 pl of the saline 
solution was replaced by an equal volume of the covidarabine solu- 
tion. 


At zero time, 10 pCi of 3H-I (for the ka determination) or 3H-III (for 
the kl  determination) was introduced, and 3-pl aliquots were withdrawn 
at predetermined times. Samples were spotted on TLC plates and lo- 
calized under UV light. The separated spots were scraped into scintilla- 
tion vials and counted. 


RESULTS AND DISCUSSION 


Reproducibility and Sources of Error-The primary purpose of 
the present studies was to investigate methods for determining param- 
eters of the physical model describing the transport and metabolism of 
a prodrug in hairless mouse skin. Consequently, some results were ob- 
tained for illustrative purposes, and only single determinations were 
made. In many situations, however, repeat experiments were conducted 
and the reproducibility of the techniques was investigated. 


The reproducibility of the transport experiments was generally good 
when full-thickness skin preparations (Table I) or when dermis mem- 
brane preparations (Table 11) were involved. In the permeation experi- 
ment, repeat experiments with the same membranes were generally 
within 20% of each other (Tables I and 11). The variations were greater 
than when membranes from different animals were compared but typi- 
cally were within a factor of two (Tables I and 11). 


The repeat experiment studies involving the same membrane indicated 
that the permeability properties of the full-thickness skin and of the 
dermis preparation generally remained constant up to 30 hr, and the 
deaminase and the esterase activities were stable up to at least 7 hr (Table 
111). Thus, the “viability” of these membrane preparations was good in 
experiments up to several hours. 


The heat-treated epidermal membrane showed greater preparation- 
to-preparation and stability with time variabilities (Table IV). Table V 
shows the results of thickness measurements. These data illustrate the 
degree of uncertainty in the measurements and variations encountered 
with typical membrane preparations. 


Table IV-Permeability Coefficients of 1-111 in the Heat- 
Separated Epidermal Membrane 


Permeability 
Coefficients“, 


Mouse 
~ 


801031 * 98.0 173.0 135.0 
801034 342.0 480.0 - 


- 9.9 610202 - 
5.8 705103 after 18 hr of soaking in saline - - 


708021 after 48 hr of soaking in saline 40.2 - - 
801035 after 48 hr of soaking in saline 46.8 - - 


a Calculated from steady-state fluxes 
cm/sec. Raw data are shown in Fig. 11. 


using Eq. where was 1.05 X 10-3 


0 2 4 6 8 10 
INCUBATION TIME, min 


8 


I m 


0.41 


2 4 .  8 8 10 12 
LEACHING TIME, hr 


b 
Figure 7-Deaminase leaching. (a) A 0.01-ml aliquot of the bulk solu- 
tion, into which the deaminase had leached for the time indicated, was 
incubated with I at 37’. The initial rates are proportional to the enzyme 
concentratiom at the given times. Key (leaching times): 0,40 min; 0, 
80 min; A, 2 hr; *, 4 hr; 0 , 6  hr; 0 , 8  hr; and *, 12 hr. (%) The initial 
rates from Fig. 7a were plotted versus leaching time. The enzyme 
leaching rate of the Jst hr, from a linear estimation of the curve, is equal 
to 3.33 x 10-3%/min2. 


Metabolites Other than 11-The TLC system used was able to isolate 
many nucleotides and nucleosides (4). Possible metabolites other than 
11, such as 9-@-D-arabinofuranosylxanthine (IV), which could be the next 
metabolite after I1 in the metabolism sequence of purine nucleosides, and 
the phosphorylation products of 1 and I1 were considered; the TLC system 
was employed for the detection of their presence. The TLC plate on which 
the 90-min sample of an in-and-out experiment was developed was ex- 
amined by differential scraping (Fig. 5). No major metabolites other than 
I1 were found. 


Enzyme Leaching Problem-The deaminase was reported (5) to 
leach out from the dermis side of the whole skin into the bulk solution, 
and the bulk solution deaminase activity was found to increase linearly 
with time over a 2-hr period. Thus, the rate of species concentration 
change in the bulk solution during an in-and-out experiment reflected 
not only the cutaneous phase metabolism but also a bulk phase enzyme 
reaction. Such a combined disappearance rate of I that is not properly 
corrected for the bulk phase reaction will give an overestimation of kp.  


The correction procedure for this hulk phase metabolism was proposed 
by Ando et al. (5) based on the linear increase of the deaminase activity 
in the bulk solution with respect to time. The bulk phase kinetics are 
described by: 


(Eq. 32) 
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Table V-Measurements of Thickness (Micrometers) of Hairless Mouse Skin a 


Mouse 801034 Mouse 802141, Mouse 705103, Abdomen 
Abdomen, Back, Back, Heat-Separated 


Full-Thickness Full-Thickness Full-Thickness Epidermal Remaining 
Skin Skin Skin Membrane Dermis 


Skin preparation 
plus two glass slides 


Mean 
Glass slides 


alone 


Mean 


2328 
2326 
2318 
2314 
2314 
2308 
2305 
2316 
1938 
1937 
1937 
1937 


2405 
2409 
2397 
2393 
2386 
2377 
2374 
2392 
1938 
1937 
1937 
1937 


2405 
2393 
2385 
2380 
2378 
2375 
2360 
2398 
1941 
1940 
1941 
1941 


1914 
1910 
1904 
1900 
1911 
1906 
1904 
1907 
1864 
1860 
1869 
1864 


2396 
2380 
2380 
2382 
2400 
2396 
2386 
2388 
2048 
2052 
2043 
2047 


Net thickness, pm 379 455 457 43 342 
Mouse 801034 was 16 weeks old, Mouse 802141 was I1 weeksold, and Mouse 705103 was 18 weeks old. 


Table VI-Corrections for the Bulk Phase Metabolism 
~~ 


Minutes 
Parameter 2 5 9 14 20 31 45.5 60 


%A& 97.99 97.36 95.78 94.64 93.64 90.63 84.53 79.04 
%A b u l q  0.01 0.05 0.13 0.33 0.66 1.59 3.39 5.82 
%A,,, 97.98 97.31 95.65 94.31 92.98 89.04 81.14 73.22 


PoAb,lt = 100 - 100 exp (-0.5Kbt2). where Kb = 3.33 X 10-3%/min2. %A,,, = %Aobs - %Ablk. 


where kt, is the increment of the bulk phase enzyme activity per unit time 
and A b  is the bulk concentration of I. Integration gives: 


or: 


(Eq. 33) 


(Eq. 34) 


On a percentage scale, the remaining I at  a given time is (percent). 
Therefore, the percentage disappearance of I caused by the bulk phase 
metabolism at  a given time is 100 - (&/A!) (percent). Subtraction of 
this value from the observed percentage of I remaining gives the net level 
bf I corresponding to the skin metabolism only. The entire procedure is 
summarized in Table VI. The observed concentration-time curve for I 
bent downwards before correction but appeared to be linear with time 
up to 60 min after the correction (Fig. 6). 


The data in Fig. 76, which is a plot of the initial rates from Fig. 7a 
uersus the leaching times, reveal that Eq. 32 with a constant kb of 3.33 
X % A/min (Le., a linear approximation) is actually good only for 
the first 1 or 2 hr; the enzyme activity in the bulk solution levels off rap- 
idly after this early time period. The plateau value, 0.425% A/min/ml, 
corresponds to about one-third of the total deaminase in the skin before 
leaching. 


ad 
10 20 30 40 50 60 


MINUTES 
Figure &In-and-out experiment of I with a skin preparation that had 
been preleached for 7 hr to remove the free enzyme. The slope of the 
regression line is -0.203%lmin. 


An in-and-out experiment conducted with a 7-hr leached skin prepa- 
ration is shown in Fig. 8. The result of this experiment is in good agree- 
ment with the corrected curve of Fig. 6. This finding indicates two things: 
the stability of the bound enzyme and the reliability of the correction 
procedure. 


Other testa showed that the leached enzyme solution remained stable 
when stored in a refrigerator (4O). For up to 1 week, no changes in activity 
were observed. 


To see if the esterase also leaches out, two identical aliquots of the bulk 
phase from a 2-hr leaching experiment were tested for esterase and 
deaminase activities. The results show a <2% conversion of 111 to I, in 
contrast with a 10% conversion of I to I1 in a 30-min incubation a t  37' 
(Table VII). 


Stratum Corneum Permeabilities and Dermal Diffusivities- 
Aqueous Permeability Coefficients of I-Ill-The thickness of the 
aqueous diffusion layer for a 150-rpm hydrodynamic system was found 
to be -0.010 cm from the benzoic acid dissolution rate experiment (Fig. 
9) using Eq. 1. The aqueous permeability coefficients of 1-111 for this 
diffusion layer were estimated according to Eqs. 2 and 3 (Table VIII). 


Membrane- Water Partition Coefficients-Results of Kmrw deter- 
minations for I and I1 are summarized in Table IX. Equation 4 was used 
in the calculations. The V, values were obtained by dividing the dermis 


1 . O l  


0.8  - 0.6. 


31: G 


w 0.4 
C - 


0.2. 


. , 
10 20 30 40 


MINUTES 


Figure 9-Benzoic acid dissolution in the in-and-out experimental 
setup. 


Journal of pharmaceutical Sciences / 1353 
Vol. 68, No. 11, November 1979 







Table VII-Leaching Out of the Enzymes. Deaminase and 
Esterase 


Table IX-Determinations a of (&I w ) i  


Activitys 
Percent 


I I1 111 
Esterase 1.82 0.12 98.08 
Deaminase 90.01 9.99 - 


Identical aliquota of the bulk solution from an in-and-out ex erimental setup 
were incubated separately with 3H-l (for deaminase activity) and 4-111 (for esterase 
activity) at 37O for 30 min. 


mass by the average dermis density obtained as shown in Table X. The 
KmlW of 111 was undeterminable because an esterase inhibitor was not 
employed. However, i t  may not be unreasonable to assume that I11 has 
a Kmlw value similar to that of I and 11. 


Dermis Diffusiuities of I-111-Figure 10 shows the raw data of per- 
meation of 1-111 across a dermis membrane. The accumulation of I, 11, 
or I11 in the receiver chamber increased linearly after a short lag time. 
The slopes give fluxes of the respective species according to: 


(Eq. 35) 


where volume is the volume of the receiver and area is the effective dif- 
fusion area. The permeability coefficients were calculated from the re- 
sultant fluxes and values of AC, according to Eq. 7. According to Eq. 8, 
the diffusivities of I and I1 were calculated from P;, m, and (KmlW)i. Table 
I1 summarizes these determinations. The diffusivity of I11 was undeter- 
minable due to the lack of Kmlw data. 


Because of the uncertainty in the thickness measurement, a meaningful 
comparison of magnitudes in permeability or diffusivity of the three 
species must be done with the same piece of skin preparation. Data shown 
in Table I1 are based on such an experimental design. 


Diffusivity of I1 was obtained from a direct flux measurement since 
the species was inert to the enzymes involved. Diffusivity of I also was 
obtained directly from the flux because the deaminase was inhibited with 
covidarabine. For I11 in the presence of covidarabine, however, the flux 
gave a measure of mixed diffusivity because an esterase inhibitor was not 
employed. The receiver solution consisted of 15% of I and 85% of I11 after 
25 min of permeation. The mixed permeability coefficient was not sig- 
nificantly different from the permeability coefficient of I (Table 11). 
Therefore, the permeability coefficient of I11 is probably of the same 
magnitude as that of I. A rigorous determination of the diffusivity of I11 
was made possible through the use of Eqs. 18-21, which simultaneously 
calculate k l  and Dv. 


The diffusivities for the three species were of the same order of mag- 
nitude (Table 11). From their molecular sizes and configurations, the 
similar diffusivities were not unexpected for 1-111. 


The possible diffusivity variations with respect to position in the 
membrane are currently under investigation and will be reported 
later. 


Stratum Corneum Permeability Coefficients of I-III-Figure 11 gives 
the permeation data of 1-111 across a heat-separated epidermal mem- 
brane. The permeability coefficients calculated with Eq. 7 are given in 
Table IV. 


Permeation of I and I1 (Fig. 12) and I11 across full-thickness skin was 
much slower than across the heat-separated epidermal membrane. Per- 
meability coefficients of 1-111 for full-thickness skin are shown in Table 
1. These findings contradict the conclusion obtained from studies in- 
volving the low carbon number n-alkanols (6.7) where the heat-separated 
epidermal membrane retained the major diffusion resistance of the intact 
full-thickness skin. Apparently, heat treatment has a profound effect on 
the barrier nature for the transport of 1-111. 


Valeryl esterification of the 5’-OH gave only a small increase in the 
permeability across the epidermal membrane and the whole skin. To 
obtain a substantial increase in the permeability, a longer chain substi- 


Table VIII-Aqueous Permeability Coefficients a of 1-111 


1 (Pa& X lo3, cm/sec Di X lo5, cm2/sec Mi 


I 1.08 
I1 1 .08 
111 0.98 


Average 1.05 


1.08 267.3 
1.08 268.3 
0.98 351.3 - - 


a A n  h value of 0.01 cm was determined from the line given in Fig. 9 using Eq. 1, 
where D = 1.4 X lO-5cm2/sec, area = 0.317 cm2, and volume = 1.2 ml. Then (Pa& 
and L)i were calculated from h, D. M, and M, using Eqs. 2 and 3. 


I 0.215 
0.147 


Average - 
I1 0.207 


0.113 
0.207 
0.113 


Average - 


0.207 1.000 
0.141 0.500 


0.199 1.OOo 
0.109 0.500 
0.199 2.000 
0.199 2.000 
- - 


3489 2899 
3489 2898 


6733 5519 
6733 5655 
6507 6063 
6507 6210 - - 


W m / w ) i  


0.98 
0.60 
0.79 
0.91 
0.73 
0.74 
0.84 
0.81 


a Using Eq. 4. 


tution or di- or triester derivatization may be necessary. The effect of the 
di- or triester derivatization and the chain length effect of the substituting 
group will be reported later. 


Enzyme Reaction Rate Constants-Go-Through Experiments with 
Dermis Membrane and Simultaneous Determination of Enzyme Re- 
action Rate Constant and Diffusiuity-The go-through experiment 
together with Eqs. 18-21 provides a novel method for simultaneously 
determining the diffusivity and the enzyme constant. Figure 13 shows 
the measurements of the four fluxes that are used with Eqs. 18-21 for the 
determination of Dv and kl. According to Eq. 22, the sum (or the dif- 
ference in absolute values) of the observed fluxes,in the donor chamber 
should be equal to the sum of the observed fluxes in the receiver chamber. 
For k l  and Dv determinations, the receiver chamber data were used 
because the flux calculations based on the donor chamber data always 
were subject to large errors (Figs. 13-15). 


The computer iterations of the fluxes from Eqs. 18 and 19 were done 
with the predetermined DA value (Table VIII) by varying k l  and Dv. The 
best fit of the calculated fluxes to the measured fluxes then determined 
a pair of Dv and k l  values (Table XI). Simultaneous determinations of 


. DA and kp also were carried out similarly with flux data from Figs. 14 and 
15 (Tables XI1 and XIII). The DA value obtained by this method is 
consistent with that from the direct measurement (Table VIII). 


In-and-Out Experiments with Full-Thickness Skin and Enzyme 
Reaction Rate Cohstant Determination-Figures 6,8, and 16 show the 
measurements of fluxes in the in-and-out experiments. Since the fluxes 
are in terms of percentage of total radioactivities, the V(h) and A(h) 
terms in Eqs. 30 and 31, respectively, take the value of 100%. With Eqs. 
30 and 31, k l  and k2 were calculated from the respective fluxes, Fv and 
Fa (Table 111). 


As a comparison, k l  and k z  values obtained from the go-through and 
in-and-out experiments are listed in Table XIII. The in-and-out method 
gave lower values for k l  than did the go-through method. The discrepancy 
raises the question of validity of the various assumptions made in the 
models for the system. One assumption is that first-order kinetics obtain 
for the enzyme reaction. The steady-state approximation and the sink ’ 
conditions were demonstrated to be valid for the present system, but the 
constant diffusivity and the homogeneous enzyme distribution as- 
sumptions have not been verified. 


Studies on the possible variations in the diffusivity and the enzyme 
rate constants (both the deaminase and the esterase) with respect to 
position in the viable cutaneous tissue will be reported later. 


APPENDIX I: MATHEMATICAL SOLUTIONS TO 
PERMEATION EXPERIMENT (Fig. 1) 


Case I: Go-Through Experiment with I11 in the Presence of Co- 
vidarabine-Flux of Prodrug across Aqueous Diffusion Layer-The 
steady-state flux per unit area of the prodrug, Fv, within the aqueous 
diffusion layer is given by Fick’s law: 


Table X-Density of the Hairless Mouse Skin 
~~ 


Mouse Weizht, g Volumes, ml Density 


705101 
704264 
704263 
Average 


0.609 
0.398 
0.396 - 


0.59 
0.38 
0.38 
- 


1.03 
1.05 
1.04 
1.04 


a The method for skin volume measurements is described in the text. 
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Table XI-Simultaneous Determination of DV and kl 


Iteration Parameters@ 


cm2/sec sec-l 
Dv X lo6, kl X 103, 


(FluxlInitial Donor Concentration) X 105, cmlsec 
Donor Receiver 


111 I I11 I 


Observed* 
Best fit 


- 
0.97 


- 
1.70 


- - 1.33 0.89 
- - 1.33 0.89 


Other parameters used were rn = 420 pm, DA = 1.50 X lod6 cmz/sec, and Paq = 1.08 X cmhec. * A dermatome-planed dermis (Mouse 706081) was used, and the 
permeation direction waa dermis - epidermis. Raw data are shown in Fig. 13. 


Table XII-Simultaneous Determination of DA and kz with Dermatome-Planed Dermis 


Mouse 


Iteration Parameters" 
DA X lo6. 


(Flux/Initial Donor Concentration) X lo5, cmlsec 
Donor I Receiver 


I I1 I I1 
~ ~ ~~~~~~ 


Observed * - - - 8.24 1.19 2.18 
Best fit 1.46 9.46 - 6.79 1.15 2.72 


Observed - - - - 1.49 2.75 
Best fit 1.62 8.68 - - 1.49 2.75 


703154 


705245 


Other parameters used were rn = 350 pm, DH = 1.38 X 10-scm2/sec, and P = 1.08 X cm/sec. * The permeation direction was dermis -epidermis. Raw data 
are shown in Fig. 14. The permeation direction was epidermis - dermis. Raw2ata are shown in Fig. 15. 


or: 


(Eq. A2) F v  [ V a J m )  - V(h) l  


for the donor side or the receiver side aqueous diffusion layer as shown 
in Fig. 1, where the subscript aq refers to the aqueous diffusion region. 
The other terms are self-explanatory. The membrane-water partition 
coefficient of the prodrug is: 


D 
has 


Therefore, the fluxes become: 


Fv = Paq V( -n )  - - I (Km/w)v v(o) 1 
a n d  


(Eq. A3) 


(Eq. A4) 


where the aqueous permeability coefficient is: 


pa ,  = D., (Eq. A6) 
haq 


Concentration-Distance Expressions for Prodrug in  Membrane- 
Equation 12 can be rearranged to give: 


(Eq. A7) 


with: 


K1= (Eq. AS) 


Figure 10-Permeation of I (O), I1 (*), and I l l  (A) across a dermis 
membrane (320 pm). The three experiments were run concurrently, and 
the AC values were 5.60 X lo6 cpm/3 pl for 1,495 X 10' cpm13 pl for 
11, and 2.38 X lo4 cpmf3 p l  for Ill. The fluxes may be calculated from 
the slopes according to  flux = (slope)(volumelarea), where volume = 
2.5 ml and area = 1.767cm2. 


The general solutionk 


V ( x )  = C1 sinh K l x  + C2 cosh Klx  (Eq. A9) 


where 0 5 x I m and C1 and Cz  are the integration constants. By applying 
the aqueous layer-membrane interphase transfer and sink boundary 
conditions, i.e.: 


and: 


to Eq. A9, the integration constants are found to be: 


cosh K l m  (Eq. A121 1 C1 = y sinh K l m  + I LJ V K I  (Km/w) v 


C2 = y cosh K l m  + sinh Klm] (Eq. A13) I DvKI(Km/w) v 
where: 


(Eq. A14) 


Figure 11-Permeation of I (a), I1 (*), and 111 (A) across a heat- 
separated epidermal membrane (57 pm). The three experiments were 
run concurrently, and the AC values were 2.59 X lo6 cprnl100 p l  for I ,  
1.15 X lo6 cpml100 pl for II, and 2.61 X IOe cpm/100 p l  for III, The 
fluxes may be calculated from the slopes according to f lux = (slope) 
(volumelarea), where volume = 1.5 ml and area = 0.713 cm2. 
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Table XIII-Comparison of the Enzyme Rate Constants 
Obtained from the Reflection Boundary and the Permeation 
Methods 


Esterase, Deaminase, 
Method k 1 X 102, sec-1 k:! X lo2, sec-' 


~ 


In-and-out 0.11" 1.09" 
Go-through 0.17* 0.91c 


0 From Table 111. From Table XI. Fro? Table XII. 


Thus, the particular solution is: 


X 


MINUTES 
Concentration-Distance Expressions for in Membrane- Figure &-Permeation of I (e) and 11 (*) across a fu1l-thicknes.s skin. 


Equation 13 can be arranged to give: The two experiments were run concurrently, and the A C  values were 
2.35 X 106 cpm/100 p l  for I and 1.82 X 106 cpml100 pl  for 11. The fluxes 
may be calculated from the slopes according to flux = (siope)(volumel 
area). where volume = 1.5 ml and area = 0.713 cm2. 


d2A 
-+$)v dx2 


Substitution of Eq. A15 into Eq. A16 gives: 


(Eq- 


Pa, sinh K l ( m  - x )  
DVKl(Km/w 1 v 


-- -- i: - ( i:)(y)[coshKl(m - x )  + Case 11: Go-Through Experiment with I-In the permeation ex- 
periment with I, the mathematics are the same as in the previous case, 
with species H replacing species A ,  species A replacing species V ,  and 
k2 replacing k l .  The final flux expressions are given in Eqs. 23-26. 


(Eq. A17) 
Upon integrating twice, one obtains: 


APPENDIX 11: MATHEMATICAL SQLUTIONS TO 
REFLECTION BOUNDARY EXPERIMENT (Fig. 2) I P ,  sinh K l ( m  - x )  A ( x )  = - y k l  [cosh K l ( m  - x )  + 


DAK? DvKI(Km/w)v 
+ CBX + C4 (Eq. A18) 


Case I: In-and-Out Experiment with I11 in the Presence of CO- 
vidarabine-Flux of prodrug Aqueous Diffusion L ~ ~ ~ ~ - T ~ ~  
steady-state flux per unit area of the prodrug, Fv ,  within the aqueous 


whereby the integration constants C3 and C4 a:? evaluated from the 
following boundary conditions: 


diffusion layer is given by Fick's law: (Eq. A19) A (0) 


D (Eq. A271 FV = 9 [ V ( h )  - Vaq(m)1 
aq A h )  


- D A ~ I  dx x=m = pa,[- (Km/w)A - o] (Eq. A20) where the subscript aq refers to the aqueous diffusion region. The other 
terms are self-explanatory. The membrane-water partition coefficient 


Accordingly: of the prodrug is: 


Finally, the substitution of C3 and C4 into Eq. A18 completes the con- 
centration-distance expression for A ( x  ). 


Fluxes of Species V and A-The fluxes of V and A in both the donor 
chamber and the receiver chamber are readily found by applying the 
following relationships: 


(Eq. A23) 


(Eq. A241 


(Eq. A25) 


F-,,A =: F,A = - DA - (Eq. A26) 


Without going into the details of the mathematics, the final flux ex- 
pressions are given in Eqs. 18-21. 


21r.0 


Therefore: 


m . 
A 


0 .  


(EQ. A28) 


(Eq. A29) 


Figure 13-Determination of fluxes in  the donor and receiver com- 
partments of a go-through experiment of I l l .  Key: ., I ;  and A, I l l .  Flux 
= (slope)(volumelarea), where volume = 3.0 rnl and a r m  = 1.767cm2. 
Covidarabine was employed to inhibit deaminase activity. 
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a + z 0.4. 
V z 8 0.5 


0.2. 


0. F 


0.0 
10 20 30 40 


MINUTE! S 


Figure 14-Determination of fluxes in the donor and receiver com- 
partments of a go-through experiment of I. Key: 0, I; and t, I I .  The 
dermis was preleached for 3 hr. Flux = (slope)(uolume/area), where 
volume = 3.0 ml and area = 1.767 cm2. 


where the aqueous permeability coefficient is as given by Eq. A6. 
Concentration-Distance Expressions for Prodrug in Membrane- 


Equation 27 can be rearranged to give Eq. A7 with Eq. A8. The general 
solution is given by Eq. A9, where 0 5 x I m and C1 and C2 are the in- 


'4 


m . =I E 8 


c 
0 


0 


0 


c e  


c 


Figure 15-Determination of fluxes in the donor (top) and receiver 
(bottom) compartments of ago-through experiment of I. Key: 0, I; and 
t, II. The dermis membrane was preleached for 3 hr. Flux = (slope) 
(volumelarea), where uolume = 3.0 ml and area = 1.767 cm2. 


U 


1'0 20 3-0 40 60 60 
MINUTES 


Figure 16-In-and-out experiment of I I I .  Slope = -0.05587; lmin. 


tegration constants. By applying the aqueous layer-membrane interphase 
transfer condition (at x=m)  and an impermeable boundary condition 
(at x=O), i.e.: 


P,(V(h) - a] = DV x-rn (Eq. A30) 


and: 


(Eq. A31) 


to Eq. A7, the integration constants are found to be: 


(Eq. A32) 


(Eq. A331 


c1 = o  
co = PaqV(h) 


A cosh Klm + DvKl sinh Klm 
(Krn/w) v 


Thus, the particular solution is: 


V(r) = (Eq. A34) PaqV(h) cash Klx 


A c o s h  Klm + DvKl sinh Klm 
(Km/w)v 


Flux of Prodrug Entering Membrane-The flux expression for the 
prodrug entering the membrane is readily obtained by applying: 


After rearrangement, the final flux equation gives Eq. 30. 
Case 11: In-and-Out Experiment with I-In the reflection boundary 


experiment with I, the mathematics are the same as the previous case, 
with species H replacing species A, species A replacing species V, and 
k2 replacing kl. The final flux expression is given in Eq. 31. 
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Abstract  The reaction of water with isoflurophate to form diisopro- 
pylphosphate was examined and confirmed. Isolation of this decompo- 
sition product from an antiglaucoma drug formulation is described. A 
known reference compound was isolated from a commercial mixture also 
Containing the monoisopropyl ester. The isolation, purification, and 
molecular spectroscopic and elemental confirmation of structure are 
descrihed. IR, NMR, and mass spectra are included. Additionally, a GLC 
procedure and parameters used to identify diisopropylphosphate in a 
degraded peanut oil formulation of isoflurophate are reported. Reaction 
mixtures of this drug with water and sodium hydroxide were analyzed 
by CLC with the expected results. 


Keyphrases 0 Diisopropylphosphate-analysis, IR, NMR, mass spectra, 
GLC, isolation as degradation product from peanut oil isoflurophate 
formulation 0 Isoflurophate-degradation products, diisopropylphos- 
phate, analysis, peanut oil formulation GLC-analysis, diisopropyl- 
phosphate, isolation as degradation product from peanut oil isoflurophate 
formulation Antiglaucoma agents-isoflurophate, degradation prod- 
ucts, diisopropylphosphate isolated from peanut oil formulation, GLC 


lsoflurophate (I) is an important and highly potent drug 
in glaucoma treatment and is a well-known inhibitor of 
acetylcholinesterase and other enzymes (1).  I t  reacts with 
moisture with concurrent loss of activity and formation of 
hydrofluoric acid and diisopropylphosphate (11) (1). Ion- 
specific electrodes were used to  detect ionic fluoride re- 
sulting from this hydrolysis. Analytically, a poor correla- 
tion with the degree of hydrolysis was noted. 


Several reports (2-4) indicated that the major hydrolytic 
decomposition product of I was 11, but no confirmatory 
qualitative evidence was presented. The  presumed 
chemical hydrolysis is shown in Scheme I. The  present 
work was undertaken to  obtain this necessary qualitative 
information. Lindemann developed an assay for intact I 
using GLC, which is described in USP XIX (5). This paper 
provides associated general analytical information for I1 
including isolation, purification, and spectral data. 


I(CH:()2CHO]2P(O)F t H20 --* [(CH~)2CHO]2P(O)OH + 1/2H2F2 
I 11 


Scheme I 


EXPERIMENTAL 


Heagents and Chemicals-Compound I1  was not available com- 
mercially in pure form. A reference material was obtained by separation 
from a 1:1 mixture of I1 with the monoisopropyl ester'. Petroleum ether2, 
used in the isolation of 11, was analytical reagent grade. Compound Is was 
used in the hydrolysis experiments. 


GLC-All GLC retention time data were ohtained on a gas chroma- 
tograph equipped for flame-ionization detection4. Samples were reacted 
with excess diazomethane in ether, the ether was evaporated, and the 
residue was dissolved in carbon disulfide prior to injection. Separation 


I d  50989X, ICN, K & K Lahs. 
I.ot WCML. Mallinckrodt. 
Lot 030-127-1. Aldrich. 
Micro Tek M1'-'L20. 


was conducted on a 1.52-m long X 4-mm i.d. glass column containing 4% 
QF-1 on 80-100-mesh Gas Chrom Q. The column temperature was IM', 
the flow rate was 40 ml/min, the inlet temperature was 225', and the 
detector temperature was 295'. The chart speed was 38 cmhr .  A 1 -mv 
recorder was used. 


NMR-An NMH spectrometer equipped with a proton probe5 and 
a 5-mm sample tube was used (Fig. 1). 


Mass Spectrometry-An authentic I1 sample was derivatized with 
N,O-bis( trimethysily1)acetamide in pyridine (for 30 min a t  60") to form 
the trimethylsilyl derivative. All mass spectra were obtained on a mass 
spectrometer6 using a direct probe. The ionizing and accelerating po- 
tentials were 70 ev and 3.5 kv, respectively. The ion source temperature 
was 270'. The mass spectrum of the derivative is presented in Fig. 2. 


IH Spectrophotometry-The IR spectrum of authentic I1 (Fig. 3) 
was run as a capillary film of the neat liquid between potassium bromide 
windows. The IK spectroph~tometer~ was set for linear frequency mea- 
surement and equipped with a wide Nernst glower. Parameters were: slits, 
programmed a t  1o00, gain, normal; scan speed, 32; attenuator speed, 110; 
and source, 0.78 amp. 


Isolation of Major Decomposition Product  of I-A 10-year-old 
sample o f  1% I in mineral oil was selected for isolation of the major de- 
composition product. The sample had been stored in a wide-mouth bottle 
enclosed in a metal can at  ambient conditions near 24' during this period. 
No other protection against moisture uptake was in evidence. The sample 
assayed 0% I by GLC (5). An immiscible phase in the mineral oil was re- 
moved by centrifugation and subjected to 1R analysis. 


Isolation of Authentic 11-Pure I1 was isolated utilizing the low 
soluhility of the monoisopropyl compound in petroleum ether. Fifty 
grams of the 1:l mixture in a 500-ml erlenmeyer flask was diluted to 300 
ml with petroleum ether. After thorough shaking, the mixture was allowed 
to separate and the petroleum ether phase was decantedR into a large 
calihrated heaker. Second and third elutions were made in this manner, 
and the petroleum ether phases were combined by decantationR and 
evaporated without heat; decantations were performed when 45&, 350-, 
and 200-ml volumes were reached. The solution was allowed to stand until 
clear. Materials not remaining in the petroleum ether were discarded. 


PARTS PER MILLION, 6 A 
80_-_7.0 _ L O -  5 0 4.0 3.0 2.0 1.0 - 0, 


r I .-.-I- =-I_ 1 . 


I 


I.,' i 
i l ,  


y; I I  tLrr; ~. ._ __- L .  


.I . . 1 I .1.i...- ._.... .T.'..: . . :  
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 


PARTS PER MILLION, 6 


Figure I-PMR spectrum of diisopropylphosphnte (1 ) .  


6 Varian A-GOD. 
fi LKB model 9000s. 
7 Perkin-Elmer PE-521. 


Concentration of the petroleum ether was performed in open beakers. An isw 
lahle oil (mostly monoiso ropy1 ester) separated and was easily removed by de- 
cantation of the more m o h e  hydrocarbon phase into a clean beaker. The evapo- 
ration was continued. 
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Figure 2-Mass spectrum o/ diisopropylphosphate ( I )  as the trimethyl 
silyl derivative. 


The petroleum ether was warmed to -30”. Caution was exercised to 
prevent sample loss through ebullition. Evaporation was continued using 
an air stream. The top phase was decanted6 when the 150-, 125-, loo-, and 
85-ml volumes had been reached. In this series of decantationsR, the in- 
soluble oil phases were eluted in the same order that they were obtained 
with a single 35-ml portion of fresh petroleum. This eluate was combined 
with the 85 ml remaining from the evaporation step, placed in a separator, 
and extracted with 8 and then with 4 ml of absolute methanol. The pe- 
troleum ether phase was separated and evaporated using an air stream, 
with the last traces of solvents being removed a t  room temperature under 
vacuum. The product was dried over sulfuric acid. The yield was 6 g or 
24% based on the claimed 1:l mixed ester weight ratio. 


RESULTS AND DISCUSSION 


Although the starting mixture used to identify the isolated decompo- 
sition product was marketed as containing 11, supportive analytical data 
were obtained to confirm this structure because previously reported IR 
spectral frequencies (6) of a I1 sample gave questionable agreement with 
the spectrum shown in Fig. 3. Close IR spectral checks, however, were 
obtained between the decomposition product isolate and the authentic 
11. The IR spectrum of I1 was sufficiently complex to provide a positive 
identification. 


As indicated in Fig. 2, no molecular ion was observed in the mass 
spectrum of the trimethylsilyl derivative of authentic 11; however, an M 
- 15 ion was observed a t  mle 239 (characteristic methyl loss in trimethyl 
silyl derivative). Other characteristic ions were detected a t  the following 
m/e values: 212 (M - 42, loss of propylene due to McLafferty rear- 
rangement), 211 (M - 43, homolytic cleavage of isopropyl group), 197 
(loss of methyl and propylene), 171 (loss of two propylene moieties uia 
McLafferty rearrangement mechanism), 155 [from 
(H0)2P(=O)-O=Si(CH& ion], and 99 [base peak, +HO=P(OH)3 ion]. 
The extremely low intensity ion a t  mle 243 resulted from the ditetra- 
methylsilyl phosphoric acid derivative. 


Elemental analysis was obtained on “authentic” 11. 
Anal.-Calc. for C~HlsP04: C, 39.56; H, 8.30. Found: C, 39.57; H, 


8.32. 
The PMR spectrum of authentic I 1  (Fig. 1) was in accord with the 


structure hoth qualitatively and quantitatively within experimental error. 
Assignments are: 1.30-ppm methyl hydrogens on isopropyl groups, 
4.58-ppm multiplet due to methine hydrogens on two isopropyl groups; 


WAVELENGTH, gm 
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V 
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Figure 3-Diisopropylphosphate IR spectrum. 


J = 7 Hz, with coupling of about the same J value to :{’P; and 12.35-ppm 
acidic exchangeable proton on P-0-H. 


Assignments for the IR spectrum from Fig. 3 were reported in a study 
of band origins on analogous phosphoric acid derivatives (6). 


GLC retention time datas were obtained for the decomposition product 
from mineral oil and authentic 11. These retention times were matched 
by peaks obtained for decomposition caused by the action of water and 
by the action of 0.1 N NaOH (aqueous) on I. An old lot of a product for- 
mulation of 0.1% I in peanut oil chromatographed in the same system also 
showed the peak. 


The GLC retention time of authentic I1 (225 sec) showed excellent 
agreement with the times for the following samples: ( a )  major product 
formed on reaction of I and water, 227 sec; ( 6 )  major product formed on 
reaction of I and aqueous 0.1 N NaOH, 227 sec; ( c )  1:l I-monoester 
mixture (starting material), 227 sec; and ( d )  aged 0.1% I in peanut oil, 226 
sec. 
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Abstract A fragment condensation method was utilized for synthesis 
of the Trp8-substituted luteinizing hormone-releasing hormone (LH- 
RH). tert-Butoxycarbonyl protection was employed for the a-amino 
ptmitions, and benzyl protection was used for the phenol group of Tyr and 
the imidazole nitrogen of His. Peptide bond-forming reactions were 
performed using N-hydroxysuccinimide (for Trp), dicyclohexylcarbo- 
diimide-1-hydroxybenzotriazole, l-ethyl-3-(:l'-dimethylaminopropyl)- 
carhodiimide hydrochloride, or mixed carbonic anhydride methods. 
Hiological evaluation of [Trps]]-LH -RH indicated no luteinizing hor- 
mone-releasing activity or  inhibition of luteinizing hormone release over 
the dose ranges studied. 


Keyphrases 0 Luteinizing hormone-releasing hormone-derivatives, 
synthesis, structure-activity relationships Chemical synthesis-lu- 
teinizing hormone-releasing hormcine derivatives, structure-activity 
relationships 0 Hormones-luteinizing hormone-releasing hormone, 
derivatives, synthesis, structure-activity relationships 0 Structure- 
activity relationships-luteinizing hormone-releasing hormone deriva- 
t ives 


In humans, 1 pg of the hypothalamus decapeptide lu- 
teinizing hormone-releasing hormone (LH-RH, I) stimu- 
lates the pituitary to synthesize and release the luteinizing 
hormone (LH). Isolation of this decapeptide hormone from 
porcine hypothalami was first reported in 1971 (1,2). This 
discovery has impressive potential for solving certain 
medical problems, from overcoming a cause of female 
sterility to opening new approaches to contraception. 
Therefore, synthetic efforts directed a t  the decapeptide 
hormone and related substances have been undertaken 
and presently underlie the major effort in decapeptide 
chemistry (3-15). 


BACKGROUND 


One facet of the LH-RH potential that seemed particularly attractive 
was that a suitable modification of this hormone might inhibit certain 
cancer types, e.g., of the ovary. In 1968, certain tryptophan dipeptides 
were observed' to have antineoplastic activity. This discovery led to at- 
tempts to modify LH-HH by replacement o f  Arg at position 8 with Trp. 
This aminn acid replacement modification also was selected because the 
hypothalamus growth hormone release-inhibiting tetradecapeptide 
hormone, somatostatin ( 16-18), contains Trp  a t  position 8. In addition, 
LH-RH activity was known to be profoundly affected by modification 
at  the Arg position (19-21). 


Decapeptide synthesis was perl'ormed by a fragment condensation, 
its outlined in Scheme 1. The t w t -  butoxycarbonyl (Bnc) group was used 
t o r  tr-amino protection, and its removal was performed employing 50% 
t riiluoroacetic acid in methylene chloride. With peptides containing a 
'l'rp unit, 2-mercaptnethanol was added to prevent oxidative degradation 
(2). The phenolic group of'ryr was protected as the 0-benzyl ether, and 
the imidazole nitrogen of His was protected as the benzylamine deriva- 
t ive. In hoth cases, deprotection was achieved by hydrngenolysis using 
I)alladium-on-carbon. 


Methyl ester saponification was effected employing aqueous sodium 
hydroxide in methanol. Peptide bond-forming reactions were efficiently 
realized employing the N-hydroxysuccinimide (NHS) active ester for 
coupling Trp (11 - III), and either dicyclohexylcarbodiimide l-hy- 
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droxybenzotriazole (DdCI-HBT), I-ethyl-3-(3'-dimethylamino- 
propyl)carbodiimide hydrochloride (EDCI), or mixed carbonic anhydride 
(MCA) techniques a t  the other positions (13). By this combination of 
methods, the protected decapeptide was obtained in reasonable yield. 
After hydrogenolysis, [Trp8]-LH-RH was isolated and evaluated2. 


The luteinizing hormone-releasing biological assay was performed with 
200-g female rats, which were ovariectomized and allowed to rest 6 weeks. 
Three days following treatment with progesterone and estradiol benzoate, 
the animals were treated intravenously with 10-1000-ng doses of 
]'l'rpH]-I,H-RH with standard LH-RH as a control. Samples were col- 
lected 15 min later and analyzed for luteinizing hormone content. While 
the standard LH-RH produced significant dose-related luteinizing 
hormone release as expected, the [Trp"]-LH-RH showed no significant 
luteinizing hormone release over the same dose range. Also, a t  doses of 
50-200 pg, (Trp8]-LH-RH showed no inhibition of luteinizing hormone 
release when given to 25-day-old male rats (23). 


Hased on these results, preparation of a modified LH-RH decapeptide 
bearing D-Trp at positions 8 and/or 2 is of interest with respect (24) to 
influencing luteinizing hormone release (5, 8, 9). Unfortunately, the 
limited amount of [Trp"-LH-RH available did not allow a definitive 
assessment of antineoplastic activity. 


EXPERIMENTAL 


All of the precursor I,-amino acids and derivatives were employed as 
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received'. Solvent extracts containing completely protected peptides were 
washed consecutively with water, 0.5 M citric acid, water, 5% aqueous 
sodium bicarbonate, and saturated aqueous sodium chloride. Each ex- 
tract was dried over anhydrous sodium sulfate, and the solvent was re- 
moved under reduced pressure a t  35-40' using a rotating evaporator. 
Dimethylformamide was distilled (under reduced pressure) from calcium 
oxide, while tetrahydrofuran was distilled from lithium aluminum hy- 
dride just prior to use. 


All melting points were recorded using a hot-stage apparatus4 and are 
uncorrected. Each analytical specimen gave one spot on T I X  and gave 
IH, PMH, and mass spectral data in accord with the assigned struc- 
tures. 


Boc-Pro-Cly-OCH3-A solution of Hoc-Pro (10.75 g, 50 mmoles) 
in tetrahydrofuran (250 ml) was cooled to - 15'. and N-methylmorpho- 
line (L.5 ml, 50 mmoles) followed by isohutyl chlorocartionate (6.95 ml, 
50 mmoles) was added. Refore Gly.-OCH:i hydrochloride (6.6 g, 50 
mmctles) and N-methylmorpholine (S.5 ml, 50 mmoles) were added, the 
mixture was stirred for 15 min a t  -15O. Stirring was continued for 2 hr 
at  0" and for 48 hr at  23'. The solvent was removed, and the residue was 
dissolved in ethyl acetate, washed, and dried. Solvent evaporation yielded 
21 pink solid, which was recrystallized from ether to afford 11.8 g (78%), 
tnp 70-72'; [a]:: -138" (methanol). 


And-Calc. for C1:3HylN20:,: C, 54.53; H, 7.74; N, 9.78. Found: C, 
54.40; H, 7.86; N, 9.85. 


Pro-Gly-OCHs (11) Hydrochloride-After 1 hr at room tempera- 
ture, the solvent was removed from a solution of Roc-Pro- Gly-OCH:1 
( 102.8 mg, 0.358 mmole) in 50% trilluoroacetic acid ('I'FA)-methylene 
chloride (4 ml). The oily residue was trealed with cold ethereal hydrogen 
chloride to form an oily precipitate. The solvent was removed, and the 
residue was dissolved in water (5 ml) and chromatographed on a column 
of XAD-2 resin (75 ml). Elution with water (300 nil), concentration to 
15 ml, and lyophilization yielded 79.5 mg (100%) of the dipeptide I 1  as 
a viscous oil. 


Boc-Trp-Pro-Gly-OCHs (111)-A solution of Pro-Gly-OCH:l hy- 
drochloride (0.82 g, 3.7 1 mmoles), Roc-Trp-OSu (1.49 g, 3.71 mmoles), 
N-methylmorpholine (0.41 ml, 3.71 mmoles), and dimethylformamide 
(6 ml) was stirred at  23' for 8 hr. Ethyl acetate was added, and the mix- 
ture was washed and dried. The solvent was removed, and the residue 
was purified by column chromatography on silica gel (100 g, elution with 
ethyl acetate) and crystallized from ether-ligroin to afford 0.98 g (56%) 
of the tripeptide 111, mp 86-88'; la]: -112' (methanol). 


And.-Calc. for C ? ~ H : ~ P N ~ O R :  C, 61.00; H, 6.83; N,  11.86. Found: C, 
60.86; H. 7.00; N, 1 l i 7 .  


~ 


Boc-Tro-Pro-GIv-NH?-Roc-Tro-Pro-GIv-OCH.r (0.8'2 f!. 1.73 
mmoles) was dissolved in methanol (40 ml) and cooled to 0". Ammonia 
was passed into the solution for 1.5 hr. The reaction flask was tightly 
stoppered and allowed to stand at room temperature for 24 hr. Following 
solvent removal, the residue was crystallized from ethyl acetate-ligroin 
to afford 0.788 g (100%) of amide, mp 120-121'; [ a ] g  -49' (meth- 
anol). 


And-Calc. for C2:,H:~1N;O:,.H20: C, 57.98; H, 6.93; N, 14.71. Found: 
C, 58.38; H, 6.66; N, 14.86. 


Trp-Pro-Gly-NlIz (IV) Trifluoroacetate-A solution of Boc- 
Trp-Pro-Gly-NH2 (0.65 g, 1.42 mmoles) in 50% trifluoroacetic acid- 
methylene chloride ('LO ml) containing 1% 2-mercaptoethanol was 
maintained at  room temperature for 1 hr. The solvent was removed, and 
the residue was triturated with ether. The colorless precipitate was col- 
lected, and this hygroscopic solid was dissolved in water (20 ml) and ly- 
ophilized to yield 0.65 g (97%) o f  the amide IV as the trifluoroacetate. 


Boc-Leu-Trp-Pro-Gly-NH2 (V)---Dicyclohexylcarhodiirnide ( I  3 3  
g, 6.48 mmoles) was added to a solution prepared from Trp-Pro-(;ly- 
NH2 trifluoroacetate (2.77 g, 5.89 mmoles), Boc-Leu (1.37 g, 5.89 
mmoles)', 1-hydroxyhenzotriazole (1.59 g, 11.8 mmoles), and N-meth- 
ylmorpholine (0.66 ml, 5.89 mmoles) in tetrahydrofuran (80 ml) cooled 
to Oo. The mixture was stirred at  0' for 1 hr and at  23' for 3 hr. The so- 
lution was filtered, the solvent was removed, and the residue was dissolved 
in ethyl acetate, washed, and dried. After the solvent was evaporated, the 
residue was recrystallized from ethyl acetate ligroin to afford 2.37 g (70%) 
of the tetrapeptide amide V, mp 119-1 20"; [(Y]: -37' (methanol). 


Anal.-Calc. for C2gH42Nfi01i.H20: C. 59.18; H, 7.48; N, 14.29. Found: 
C, 59.04; H, 7.52; N, 14.48. 
~~ ~ ~~ ~ 


:I Nutritional Hitichemicals Ciirp. or Koch-Light. 
4 Koller. 
5 T h e  amino acid analyses provided hy Dr.  I<. H. Ode and I)r. J. Cronin were 


determined with a Hcckmnn-Spincii 121 amino acid analyzer. Elemental micro- 
analytical datn were determined Iiy Ih. A. Hcrnhardt, Mikrnanalytisches I.ahora- 
t(irium, 5 5 1  K l h c h  ulier Rngelxkirchcn. West Germany. 


Leu-Trp-Pro-Gly-NH2 (VI) Trifluoroacetate-Cleavage of the 
protecting group from Boc-Leu-Trp-Pro-Gly-NH2 (26.8 mg, 0.047 
mmole) was conducted with 50% trifluoroacetic acid-methylene chloride 
(4 ml) containing 1% 2-mercaptoethanal as described for preparation of  
IV to yield 32.8 mg (84%) of the amide VI as the trifluoroacetate. 


OBzl-Boc-Tyr-Gly-OCHs-To a solution of OBzl-Boc-Tyr (5.0 
g, 16.2 mmoles) in tetrahydrofuran (90 ml), cooled to -15", was added 
N-methylmorpholine (1.81 ml, 16.2 mmoles) and isobutyl chlorocarbo- 
nate (2.11 ml, 16.2 mmoles). Before GIy-OCH:, hydrochloride (2.02 g, 16.2 
mmoles) and N-methylmorpholine (1.81 ml, 16.2 mmoles) were added, 
the mixture was stirred for 15 min a t  -15O. Then the mixture wasstirred 
for 2 hr a t  0' and for 26 hr a t  23'. The solvent was removed, and a solution 
of the residue in ethyl acetate was washed, dried, and concentrated to 
a solid. The solid was recrystallized from ether to provide 5.70 g (92%) 
of the dipeptide, mp 118-120"; [&f' -1 1" (methanol). The dipeptide VII 
was previously prepared in a 90% yield (mp 1 lb120") by a p-nitrophenyl 
ester peptide bond-t'orming method (25). 


Anal.-Calc. for C24H:i"N~Ofi: C, 65.11; H, 6.78; N, 6.05. Found: C, 
64.90; H, 6.96; N,  6.32. 


OBzl-Tyr-Gly-OCHs (VII)  Hydrochloride-Removal of the Boc 
group from ORzl-Boc-Tyr-Gly-OCH:l(3.65 g, 8.26 mmoles) was achieved 
using 50% trifluoroacetic acid-methylene chloride (30 ml, for 1 hr a t  23'). 
The solvent was removed, and the residue was treated with cold ethereal 
hydrogen chloride. The colorless precipitate was collected and washed 
with ether. The hygroscopic solid was dissolved in water (20 ml) and ly- 
ophilized to yield 3.02 g (97%) of dipeptide ester VII as the hydrochlo- 
ride. 


BocSer-ORzl-Tyr-Gly-OCHs-A solution prepared from Roc-Ser 
(0.27 g, 1.31 mmoles), OBzl-Tyr-Gly-OCH;I hydrochloride (VII, 0.497 
g, 1.31 mmoles), and N-methylmorpholine (0.15 ml, 1.31 mmoles) in ethyl 
acetate-dinwthylformamide (2:l. 15 ml) was cooled 1.0 0'. Following 
addition of l-ethyl-~-(:~'-dimethylaininopropyl)carhodiimide hydro- 
chloride (0.27 g, 1.43 mmoles), the mixture was stirred a t  0' for 1 hr and 
a t  23' for 20 hr. The reaction mixture was diluted with ethyl acetate, 
washed, and dried; the solvent was removed to yield a yellow oil. The 
crude product was purified by column chromatography on silica gel (100 
g, elution with 1: 1 ethyl acetate-chloroform) and recrystallized from ethyl 
acetate-ligroin to afford 0.49 g (72%) of the tripeptide, mp 10P105°; [a]? 
-26' (methanol). 


Anal.-Calc. for C27H:jnNaOa: C, 61.25; H, 6.62; N, 7.94. Found: C, 
61.15; H. 6.75; N, 8.07. 


Boc-Ser-ORzl-Tyr-Gly (VI1I).--Hoc-Ser-ORzl-Tyr-(:ly-OCH~ 
(0.71 g, 1.34 mmoles) was dissolved in a solution of0.86 N NaOH in 90% 
aqueous methanol (15 ml). After 45 min a t  room temperature, the 
methanol was removed and the residue was diluted with water (25 ml) 
and extracted with ether (10 ml). The aqueous layer was acidified with 
1 N HCI. soturated with sodium chloride, and extracted with ethyl acetate 
( 3  X 20 ml). The combined extract was concentrated to dryness, and the 
residue was recrystallized from ethyl acetate-ligroin to give 0.61 g (87%) 
til'tripeptide VIII ,  mp 88-90': [(t]E -24' (methanol). 


Anal.-Calc. for C2fiH:i:lN20": C, 60.57; H, 6.45; N, 8.15. Found: C, 
(N.44; H, 6.35; N, 8.29. 
Roc-Ser-OBzl-Tyr-Gly-Leu-Trp-Pro-Gly-NHz-Ry means of 


the mixed carhonic anhydride procedure described for the preparation 
ol' the dipeptide IV, Roc-Ser-ORzl-Tyr--(;ly (VI II,0.27 g. 0.521 mmole) 


Ilowed to react in tetrahydrofuran (15 ml) with N-methylmorpho- 
line (58 pl, 0.521 mmole) and isohutyl chlorocarhonate (75 pl, 0.573 
mmole) followed by Leu-Trp-Pro--Gly-NH2 trifluoroacetate (0.30 g, 
0.521 mmole) and N-methylmorpholine (58 pl, 0.521 mmole) in tetra- 
hydrofuran (2  ml). The product was recrystallized from chloroform- 
ligroin to afford 0.47 g (94%) of the heptapeptide amide, mp 136-138'; 
 IN]^; -:35" (methanol). 


Anal.-Calc. for C~"H,jsNgOl1-H~O: C, 60.91; H, 6.80; N, 12.80. Found: 
(1, 60.56; H, 6.61; N, 12.70. 
Ser-OHzl-Tyr-Gly-Leu-Trp-Pro-Gly-NH2 (IX) Hydrochlo- 


ride-A solution of Boc-Ser-OBzl-Tyr-Cly-Leu-Trp-Pro-Cly-NHZ 
(0.7 1 g, 0.735 mmole) in 50% trifluoroacetic acid-methylene chloride (40 
ml)  containing 1% 2-mercaptoethanol was allowed to remain for 1 hr a t  
.). -.I 0 . Solvent was removed, and the residue was treated with cold ethereal 
hydrochloric acid to form a colorless precipitate. The precipitate was 
collected, washed with ether, and dried to yield 0.55 g (85%) of the hep- 
tapeptide amide IX, mp 149-1.'0°. 


Nim-Bzl-Roc-His-Trp-OBzl-A solution prepared from Nim- 
Hzl-Roc-His (5.10 g, 14.8 mmoles) (26), Trp-ORzl hydrochloride (4.87 
g, 14.8 mmoles) (27), 1 -hydroxyhenzotriazole (3.95 g, 29.6 mmoles), N -  
methylmorpholine (1.66 ml, 14.8 mnioles), and dimethylformamide (100 
ml) was cooled to O", and dicyclohexylcarl)odiimide (3.34 g. 16.3 mmoles) 
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was added. The mixture was stirred a t  0" for 1 hr and a t  23" for 16 hr. The 
solution was filtered, the solvent was removed, and the residue was trit- 
urated with chloroform. The chloroform solution was filtered, and the 
filtrate was washed, dried, and concentrated to dryness. Recrystallization 
of the residue from chloroform-ligroin afforded 6.27 g (68%) of the di- 
peptide, mp 67-68'; 1.13 +3" (methanol). 


Anal.-Calc. for C:aH2eNsOg: C, 69.73; H, 6.28; N, 11.27. Found: C, 
69.49; H, 6.18; N, 11.12. 


Nim-Bzl-His-Trp-ORzl (X) Hydrochloride-Elimination of the 
Hoc protecting group was realized as described for preparation of VII 
hydrochloride employing Nim-Bzl-Boc-His-Trp-OBzl (55.8 mg, 0.090 
mmole) in 50% trifluoroacetic acid-methylene chloride (8 ml) containing 
1% 2-mercaptoethanol. The hygroscopic product was dissolved in water 
(15 ml) and lyophilized to yield 45.9 mg (91%) of the dipeptide ester (X)  
hydrochloride. 


p-Glu-Nim-Bzl-His-Trp-OBzl (XI)-To a dimethylformamide (40 
ml) solution of p-Glu (0.45 g, 3.51 mmoles), Nim-Bzl-His-Trp-OBzl 
hydrochloride (1.95 g, 3.51 mmoles), and N-methylmorpholine (0.39 ml, 
i1.51 mmoles), cooled to 0". was added 1 -ethyl-3-(3'-dimethylamino- 
i)ropyl)carbodiimide hydrochloride (0.74 g, 3.86 mmoles). The mixture 
was stirred a t  0" for 1 hr and a t  23" for 12 hr. After concentration to 15 
ml, the solution was poured into ice-5% sodium hicarbonate (100 ml). 
The solid was collected, washed with water, and recrystallized f'rom di- 
methylfiirmamide-water to afford 1.66 g (75%) of the tripeptide XI, m p  
235--!237'; l(r];; t 18' (dimethylformamide). 


Anal.-Calc. for C:(fiH:(,jN,jO.i.HSO: C, 66.46; H, 5.85; N, 12.91. Found: 
C, 65.70; H, 5.64; N, 12.64. 


p-Glu-Nim-Bzl-His-Trp (XI[)-A mixture of p-Glu-Nim-Rzl- 
His-Trp-OBzl (XI, 1.55 g, 2.42 mmoles), 5% palladium-on-charcoal (1.0 
g), and methanol-acetic acid (80 ml) (82)  was stirred under 1 atmosphere 
0 1  hydrogen a t  23" for 8 hr. The solution was filtered through diatoma- 
ceous earth, and solvent was removed from the filtrate. The residue was 
recrystallized from methanol-ether to provide 0.64 g (48%) of the t r i -  
peptide XI1, mp 165-167'; 1.1: +19' (methanol). 


p - Glu -His-Trp -Ser-OBzl-Tyr-Gly-Leu-Trp-Pro-Gly-NH;, 
([TrpW]-LH-RH) (XII1)-A dimethylformamide (30 ml) solution of XI1 
(0.335 g, 0.617 mmole), Ser-ORzl-'l'yr-(;ly-I,eu-Trp-Pro-Gly-NH. 
hydrochloride (0.55 g, 0.617 mmole), 1-hydroxybenzotriazole (0.17 g, 1.23 
tnrn~iles), and N-methylmorphciline (69 pl, 0.617 mmole) was cooled to 
Oo, and dicyclocarbodiimide (0.14 g, 0.679 mmole) was added. The mix- 
ture was stirred a t  0' for 1 hr and at 23" for 7 hr. Then the solution was 
filtered and poured into ice-5$ sodium bicarbonate (100 ml). Following 
collection of the solid and trituration with hot methanol, the resulting 
solution was filtered. The solvent was removed, and the residue was 
dissolved in acetic acid (20 ml) and lyophilized to yield 0.60 g (71%) of 
the protected decapeptide as a powder. Recrystallization from meth- 
vlet hyl ether gave a specimen of p-(~lu-Nim-Rzl-His-Trp-Ser-OBzl- 
Tyr-Gly-Leu-Trp-Pro-Gly-NH2, mp 245-248" dec.; -19" (acetic 
acid). 


A mixture composed of the decapeptide (89.7 mg, 0.0645 mmole), .iX 
I)alladium-on-charcoal (0.10 g), and methanol-acetic acid (40 ml) (4:l) 
was sttrred under 1 atmosphere ot'hydrogen at  23" for 40 hr. The solution 
was filtered through diatomaceous earth, and the solvent was evaporated 
to  a solid. The solid was purified by preparative TLC on silica gel with 
methanol+thyl acetate (72) as the mobile phase. The product was eluted 
with methanol-acetic acid, dissolved in acetic acid, and lyophilized to 
yield 55.4 mg (71%) of [l ' rpH]-I~H-KH (XIII). 


The decapeptide XIII (5 mg) was dissolved in 6 N HCI and hydrolyzed 
at  110" for 20 hr in a sealed tuhe. The solution was freeze dried, and the 
residue was dissolved in citrate buf't'er (1  ml). A 500-pl aliquot was diluted 
to 10.0 ml with the same buffer, and a 1-ml sample of this solution was 
used for amino acid analysis, which showed: His (0.6). Ser (1.0). Glu (1.01, 
Pro (l.O), Gly ( L O ) ,  Leu (l.O), and Tyr (1.0). Repeated amino acid analyses 
gave essentially the same results lor His. Similar low values for this amino 
acid were noted with several other modified LH-HH decapeptides (6). 
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insignificant effect on sleeping time was observed. 
Thus, strategic supplementation of a ration with essential amino acids 


to improve its biological value offers promise in reducing the toxicity of 
ethanol and selected barbiturates as well as in mitigating the CNS effects 
associated with such compounds. 
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Abstract 0 Ciprofibrate, a new orally effective hypolipidemic agent like 
clofibrate, suppressed tyloxapol-induced hypercholesterolemia in rats. 
Ciprofibrate a t  10 mg/kg was effective. Clofibrate required a dosage of 
180 mg/kg to suppress the tyloxapol effect. Norepinephrine-induced free 
fatty acid release was inhibited by clofibrate in rats in accordance with 
earlier findings. Ciprofibrate and lifibrate differed from clofibrate in that, 
a t  hypocholesterolemically effective doses, neither inhibited the hor- 
mone-sensitive lipase in vioo. 


Keyphrases Ciprofibrate-hypolipidemic effects, effect on hor- 
mone-sensitive lipase, compared to clofibrate and lifibrate, rats An- 
ticholesterolemic agents-ciprofibrate, effect on serum lipid levels, 
hormone-sensitive lipase, compared to clofibrate and lifibrate, rats 


Evidence that hyperlipidemia is a major risk factor in 
coronary artery disease (1) has directed interest toward 
agents that ‘can correct the lipid abnormality. One such 
agent is clofibrate, 2-(4-chlorophenoxy)-2-methylpropa- 
noic acid ethyl ester, which serves as a model reference. 
Related agents are being sought that are more effective 
against hypercholesterolemia as well as against all types 
of hyperlipoproteinemia. 


A previous report (2) presented evidence that ciprofi- 
brate, 2-[4-(2,2-dichlorocyclopropyl)phenoxy]-2-meth- 
ylpropanoic acid, is at  least 100-fold as hypolipidemic in 
butter fat, cholesterol-fed hyperlipidemic rats as is clofi- 
brate. In this discussion, additional comparisons between 
ciprofibrate and clofibrate are presented. 


EXPERIMENTAL 


Tyloxapoll-Induced Hypercholesterolemia-The tyloxapol 
treatment procedure followed that of Garattini et al. (3) and of Kariya 
et al. (4). Young adult Sprague-Dawley rats2, averaging -300 g each, were 


maintained on laboratory feed ad libitum. Based on preliminary trials, 
the test agents were given by intubation a t  one of the following dosages: 
ciprofibrate a t  10 or 22.5 mg/kg/day or clofibrate a t  90 or 180 mg/kg/day, 
each for 4 days. On the 4th day, the rats were each given tyloxapol at 200 
mg/kg iv. Anticholesterolemic effects were evaluated on the basis of 
cholesterol levels in blood samples taken by cardiac puncture 20 hr 
later. 


For analysis, the blood samples were centrifuged, and the serum was 
separated. Serum cholesterol was estimated colorimetrically according 
to the Liebermann-Burchard procedure, using a p-toluenesulfonic acid 
catalyst after Turner and Eales (5). 


Inhibition of Hormone-Sensitive Lipase-Two studies were con- 
ducted in which the hypolipidemic agents were evaulated for their ability 
to inhibit the hormone-sensitive lipase. In one, clofibrate was compared 
with ciprofibrate. In the other, clofibrate was compared with lifibrate, 
bis(4-chlorophenoxy)acetic acid 1 -methyl-4-piperidinyl ester (6). 


Young adult Sprague-Dawley strain rats2, averaging -250-300 g each, 
were allocated into groups of nine. They were given one test agent a t  the 
following dosages: clofibrate a t  150 mg/kg, ciprofibrate a t  15 mg/kg, or 
lifibrate a t  40 mg/kg. The test agents were given by intubation in a 1% 
aqueous gum tragacanth suspension (10 ml/kg) before 1-norepinephrine 
(as the bitartrate). The vasoconstrictor effects of norepinephrine were 
inhibited with 100 mg of phenoxybenzamine/kg sc, 1 hr before norepi- 
nephrine was given. 


Table  I-ciorofibrate and Clofibrate Effectiveness in 
Protecting Ra t s  against Tyloxapol Hypercholesterolemia 
(Means f SE) 


Serum 
Intragastric Choles- 


Test  Dosage, mg/kg/ terolb, 
Compound day X 4 Tyloxapola n mg/100 ml 


None None - 12 75.2 f 3.2 
None None + 10 198.7 f 16.3 
Ciprofibrate 10 + 8 80.9f 7.9 


22.5 8 73.5 f 5.7 
Clofibrate 90 + 8 132.4 f 23.7 


180 7 69.7 f 4.4 
1 Triton WR-1339 or Triton A-20. 
*Charles River. 


~ 


a At 200 mg/kg iv on the 4th day of medication. Blood taken 20 hr after tylox- 
apol. 
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Table 11-Comparison of Clofibrate, Ciprofibrate, and Lifibrate in Suppressing the I-Norepinephrine-Induced Increase in Serum 
Nonesterified Fatty Acids (NEFA) in the Unfasted Rat (Nine Rats per Group, Means f SE) 


Trial 1 Trial 2 
Control Clofibrat;:uny CiprofibricP, Control Clofibrate Lifibratea 


Serum S Serum Serum Serum 
1-Norepi- Choles- Choles- Choles- Choles- Choles- Choles- 
nephrine Serum terol, Serum terol, Serum terol, Serum terol, Serum terol, Serum terol, 
Dosage, NEFA, mg/100 NEFA, mg/100 NEFA, mg/100 NEFA, mg/100 NEFA, mg/100 NEFA, mg/100 
pg/kgip pEq/liter ml pEq/liter ml pEq/liter ml pEq/liter ml pEq/liter ml gEq/liter ml 


None 1 5 2 f 2 3  7 0 f 7  1 6 5 f 3 1  6 0 5 4  
10 1 8 5 f 1 9  6 6 f 5  1 3 4 f 2 4  3 6 f 2  1 8 0 f 1 7  4 2 f 2  2 1 6 f 5 9  6 5 f 4  2 1 5 f 2 7  3 9 f 2  211141 4 4 f 3  
30 351 f 5 4  6 4 6 2  1 6 4 f 3 7  3 5 f  1 3 4 9 f 3 0  4 0 f 2  3 3 2 f 6 0  6 8 f 3  2 1 7 f 5 0  3 8 f 2  324f47  4 0 f 2  


~ 


Test agent dosage: clofibrate, 150 mgkg; ciprofibrate, 15 mgkg; and lifibrate, 40 mgkg; each given by intubation at 28,20, and 2 hr before l-norepinephrine admin 
istration. 


The rats were sedated with 55 mg of pentobarbitalflrg sc 0.5 hr before 
norepinephrine. Norepinephrine was given at  either 10 or 30 pglkgip 10 
min before blood was taken by cardiac puncture. The blood was allowed 
to clot and was centrifuged, and the serum nonesterified fatty acids were 
estimated by the copper-soap procedure of Duncombe (7). The fatty acids 
were extracted with chloroform reacted with a copper-triethanolamine 
reagent, and color was developed with diethyldithiocarbamate for col- 
orimetric estimation. 


RESULTS 


Tyloxapol-Treated Rats-In accordance with previous findings (3, 
41, tyloxapol at 200 mg/kg doubled or more than doubled the normal 
blood cholesterol of the rats to nearly 200 mg of cholestero1/100 ml (Table 
I). Pretreatment with 110  mg of ciprofibrate/kg protected the rats from 
the hypercholesterolemic effects of tyloxapol. The rats also were pro- 
tected from tyloxapol hypercholesterolemia by pretreatment with clo- 
fibrate at 180 mg/kg. At 90 mg/kg, clofibrate did not fully protect the rats. 
The clofibrate-pretreated rats had a serum cholesterol of 132.4 mg/100 
ml, which was significantly above that of the normolipidemic control rats, 
75.2 mg/100 ml. Accordingly, ciprofibrate may be judged to be -18 times 
as effective as clofibrate in protecting rats against tyloxapol hypercho- 
lesterolemia. 


Inhibition of Hormone-Sensitive Lipase-The control hormone- 
sensitive lipase findings (Table 11) show that norepinephrine at 30 pg/kg 
doubled or more than doubled the serum nonesterified fatty acid level. 
The increases at 10 pg/kg were not significant. 


In both trials, clofibrate inhibited the increase in the nonesterified fatty 
acid level that followed 30 pg of norepinephrine/kg. The serum nones- 
terified fatty acid levels of the clofibrate-pretreated rats given 10 pg of 
norepinephrineflrg were not significantly above control levels. 


In both trials, the serum nonesterified fatty acid levels following 
ciprofibrate or lifibrate pretreatment were elevated to the same extent 
as in the control norepinephrine-treated rats. Thus, neither ciprofibrate 
nor lifibrate inhibited the hormone-sensitive lipase. 


Serum cholesterol levels were significantly decreased by all of the hy- 
polipidemic agents tested. The serum cholesterol levels following pre- 
treatment with the hypolipidemic agents were all in the 35-44-mg/100 
ml range, significantly less than control levels. 


DISCUSSION 


The hypercholesterolemic effects of tyloxapol were counteracted by 
pretreatment with 10 or 25 mg of ciprofibratefltg daily or with 180 mg of 
clofibrate/kg daily. Pretreatment of the rats with 90 mg of clofibrate/kg 
daily did not protect the rats entirely from the effects of tyloxapol. This 
amount of clofibrate was similar to that found effective by Kariya et al. 
(4), 114 mg of clofibrateflrg (as the free acid from dietary agent at 0.25%). 
Thus, 10 mg of ciprofibrate/kg was approximately as protective as 180 
mg of clofibratefltg. 


While ciprofibrate pretreatment was more effective in suppressing 


tyloxapol hypercholesterolemia than was clofibrate pretreatment, the 
two phenoxybutyrates were similar in that both exhibited inhibition. The 
protective effect noted for these agents is in accord with their ability to 
inhibit cholesterol biosynthesis (2, 8,9) and with the findings that ty- 
loxapol increases cholesterol and fatty acid synthesis in the liver (10,ll). 
In discussing the hyperlipidemic effects of tyloxapol, Schotz et al. (12) 
noted that tyloxapol may interfere with plasma lipoprotein catabo- 
lism. 


In contrast to their similar hypocholesterolemic effects, ciprofibrate 
and clofibrate differed in inhibiting the hormone-sensitive lipase in uiuo. 
Thorp (13) found that clofibrate (in combination with androsterone) 
suppressed the increase in plasma fatty acids that occurred in rats and 
in dogs following epinephrine administration. The findings on clofibrate 
are thus in accord with those of Thorp (13) in that clofibrate, at hypo- 
cholesterolemically effective doses, inhibits the norepinephrine-activated 
lipase. 


In contrast to clofibrate, ciprofibrate and lifibrate, a t  hypocholester- 
olemically effective doses, did not inhibit the lipase. This result supports 
the view that ciprofibrate may be clinically similar to lifibrate rather than 
to clofibrate. Since lifibrate is effective in Type I1 hyperlipoproteinemic 
subjects (14), in contrast to clofibrate which is variably effective, the 
distinction may be therapeutically significant. 
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combination of charge and molecular refraction indexes could extend 
greatly the applicability range of solubility-related correlation analyses 
such as have been reported for aromatic substances (8, 9). Since this 
approach is atom centered rather than bond centered, i t  appears highly 
suitable for arriving a t  molecular descriptors for pattern recognition 
studies (10,l l) .  
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Abstract The rheological properties of oil gels prepared by dispersing 
colloidal silica in n -dodecane and I-dodecanol were examined. The dif- 
ferences in gel strength using these two media were accounted for by the 
difference in the extent of hydrogen bond formation between the silanol 
groups on the silica surface. The incorporation of methyl salicylate further 
modified the rheological properties of the gels. The drug was capable of 
hydrogen bonding with silanol groups in the n-dodecane gels, which in- 
crease gel strength a t  low concentrations; at  high concentrations, the drug 
acted as a plasticizer. In I-dodecanol systems, the drug acted solely as 
a plasticizer. Adsorption studies showed that methyl salicylate was ad- 
sorbed only on the silica particles in the n-dodecane medium. Interaction 
of the drug with the silanol groups in the n-dodecane systems did not 
appear to effect methyl salicylate release from the gels. 


Keyphrases Gels-colloidal silica in n -dodecane and I-dodecanol, 
rheological analysis, hydrogen bonding, methyl salicylate incorporation 
and release Colloidal silica-in n -dodecane and 1-dodecanol gels, 
rheological analysis, hydrogen bonding, methyl salicylate incorporation 
and release o n -1)odecane-gels, colloidal silica, rheological analysis, 
methyl salicylate incorporation and release 0 1-Dodecanol-gels, col- 
loidal silica, rheological analysis, methyl salicylate incorporation and 
release Methyl salicylate-gels, colloidal silica, n -dodecane, l-dode- 
canol, rheological analysis 


Colloidal silicon dioxide (fumed silica), produced by the 
vapor-phase hydrolysis of silicon tetrachloride, is used 
widely in the pharmaceutical industry as a binder and 
glidant in tablets and as a suspendingagent and viscosity 
modifier in suspensions, ointments, and suppositories. Its 
use as a viscosity modifier is largely attributable to  the 
ability of the very small silica particles to form a network 
structure throughout the medium by interparticle hy- 
drogen bonding uia the silanol groups on the silica surface. 
In addition to these particle interactions, there is possible 
bonding between the silanol groups and other components 
that are also capable of hydrogen bond formation. A de- 
tailed investigation of this type of interaction was pub- 
lished (1). 


Modification of the magnitude of the interparticle in- 
teractions and production of ointment bases of different 
consistencies are possible by selecting, as dispersion media, 
oils that differ from each other in hydrogen bonding abil- 


ity. Incorporation of a drug capable of hydrogen bonding 
into such bases might be expected to  influence not only 
their rheological characteristics but also their drug release 
properties. 


The  object of this work was to quantify some of these 
phenomena by incorporating methyl salicylate into model 
gel systems prepared by dispersing fumed silica in the 
nonhydrogen bonding n-dodecane and the hydrogen 
bonding analog 1-dodecanol. The influences of silica and 
drug concentration on rheological and release properties 
are reported. 


EXPERIMENTAL 


Materials-Specially pure (99%) 1 -dodecanol’, laboratory reagent 
grade n-dodecane’ and BP quality methyl salicylate? were used as re- 
ceived. Colloidal silicon dioxide’ was dried for 1 hr a t  150° and stored in 
a desiccator prior to use. 


Gel Preparation-The requisite amount o f  continuous phase, con- 
taining drug where appropriate, was added to the silica, and the system 
was sonicated4 for 30 sec to ohtain a uniform dispersion. The gel was 
transferred to a glass container, sealed, and stored a t  40°. 


Hheological Properties-Dynamic rheological properties were 
measured using a modified Weissenberg rheogoniometer5 in conjunction 
with a digital transfer function analywr6. This rheogoniometer is one of 
the few commercially available instruments with facilities for both os- 
cillatory (dynamic) and continuous shear measurements. ’I’he viscoelastic 
properties of materials may he evaluated using the oscillatory technique, 
and its application to pharmaceutical semisolid systems was described 
previously (2 ,  3). 


I’arallel plate geometry (platen radius ot 3.75 cm) was used, and all gels 
were tested over the frequency range of 0.01-25.0 Hz using two torsictn 
strips (Nos. 6 and 7) to minimize problems associated with natural res- 
tinance (4 ) .  The measurement temperature, as monitored by a thermo- 
couple system7 embedded in the top platen, was 37 f 0 . 6 O .  Samples were 


* British Drug Houses I.td., Poole, Dorset, England. 
McCarthys Ltd., Romford, Essex, England. 
Aeriisil:~Oc), Rush, Heach and Segner Bayley Ltd., Lmdon, Kngland. 
Kerry Pl lL 55 ultrasonir hath. Kerry Ultrasonics I.td.. Hitchin, Hertn, En- 


gland. 
Rlfi San amo Ltd. Rogner Re is, En land 
JMifiOO/~XlfiO6, Shwtron Ltcf. Farn%orough, Hampshire, England. 
Type 1604 electronic thermometer, Cornark Electronics Ltd.. littlehanipton, 


Sussex, England. 
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Figure 1-Frequency dependence of log G' for n-dodecane gel con- 
taining 8% (wlw) silica a t  37'. The lines labeled t represent the lower 
bounds of error due to the discontinuity in the data produced 08 the test 
frequency passed through the natural frequency of the rheogoniometer; 
nb is the resonance frequency for torsion strip No. 6, and nt is that for 
torsion strip No. 7. 


equilibrated for 30 min between the platens prior to measurement. For 
the I-dodecanol gels, the gap width between platens was maintained at  
0.05 f 0.002 cm. 


The analysis of Walters and Kemp (5) was used to evaluate the inertia 
parameter, a2. The inertia parameter of the system is related to the 
complex dynamic viscosity of the test material, q*, in the following 
manner: 


a 2  = - (Eq. 1) 


where i is the square root of -1, w is the frequency of sinusoidal oscilla- 
tion, and p is the density of the test sample. 


For a linear viscoelastic system undergoing small amplitude oscilla- 
tions, q* is expressed as a combination of real and imaginary parts: 


-iwp 
It* 


(Eq. 2) 


where 11' is the dynamic viscosity and G' is termed the real component 
of the complex shear modulus, G". 


Once the inertia parameter has been determined, all test material 
parameters can be evaluated. Equation 2 can he transformed to give: 


c* = C' + ic;" (Eq. 31 


since the imaginary component, G",  of the complex shear modulus is 
given by: 


G" = (Eq. 4) 


and G', the real compinent, describes the elastic properties of the system, 
and C", the imaginary component, describes the viscous properties. 


With parallel plate geometry, the upper platen is constrained by the 
torsion strip and the lower platen is oscillated with a frequency of w Hz 


A-. . L 


0 4.0 8.0 12.0 
METHYL SALICYLATE, % (w/w) 


Figure 2-Variation of G' with methyl salicylate concentration for gels 
containing 8% (wlw) silica a t  37'. Oscillation frequency was 0.25 Hz. 
Key: 0, n-dodecane; and .,I-dodecanol. 
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Figure &Variation of amplitude ratio, Y, with time for 8% (wlw) silica 
in I-dodecanol containing 12% (wlw) methyl salicylate a t  37". Oscil- 
lation frequency was 0.25 Hz. 


and amplitude 82. The platens are coupled through the sample under test; 
its rheolcgical properties result in a phase lag, C, between the constrained 
and driven platens. In addition, the constrained platen oscillates with 
an amplitude of 81. The experimentally measured parameters for the 
sample were thus the amplitude ratio, Y, (&I&), and the phase lag, C, 
which were used to calculate a2 using an iterative procedure, since: 


(Eq. 5) 


where h was the gap between the platens and S was defined by the test 
geometry. 


Subsequently, a was used to calculate C' and G" using Eqs. 1-3. 
Methyl Salicylate Adsorption-Methyl salicylate solutions ranging 


in concentration from 0.008 to 0.04 mglml were prepared in n-dodecane 
and 1-dodecanol. Ten milliliters of each solution was equilibrated with 
0.1 g of silica in glass-stoppered vessels for 24 hr a t  37O. The supernatant 
solutions were subsequently centrifuged8 to remove the residual silica 
and assayed for equilibrium methyl salicylate content by UV spectro- 
photometrys using the 308-nm absorption maximum. 


Drug Release from Gels-Approximately 10 ml of each gel was 
placed in a Perspex holder and covered with a cellophane membraneL0 
so that there was complete contact between the gel and the 20.43 cm2 of 
membrane area. The holder was placed at the bottom of a I-liter, flat- 
bottom, glass reaction vessel containing 500 ml of pH 2.0 Clark and Lub 
buffer (6) at 37O. A stainless steel paddle stirrer was placed in the surface 
of the medium and rotated at  75 rpm. Aliquots were removed at  5-min 
intervals and awayed spectrophotometricallys for methyl salicylate with 
the absorption maximum at  238 nm. 


Methyl Salicylate Partition Coefficients-Five-milliliter volumes 
of I-mglml solutions of methyl salicylate in n-dtdecane and I-dtdecanol 
were equilibrated with 5-ml volumes of pH 2.0 buffer a t  37' for 1 week. 
Drug concentrations in organic and aqueous phases were determined 
spectrophotometricallp with the absorption maximum a t  308 nm. The 
mean values of four determinations were used to calculate the partition 
coefficient (organic phase-pH 2.0 buffer). 


exp (iC) -- - cos a h  + S a h  sin a h  
Y 


RESULTS AND DISCUSSION 
Preliminary experimenta established that the gel properties were 


critically dependent on the preparation method; for this reason, the 
dispersion technique using an ultrasonic bath was used. 


The n-dodecane gels exhibited a linear viscoelastic response under the 
test conditions. A t  any given silica concentration, C' increased slightly 
with frequency. Specimen data for a gel containing 8% (wlw) silica are 
shown in Fig. 1. The discontinuity was due to the test frequency passing 
through the natural frequency range of the rheogoniometer, no (7). A t  
any given frequency, G' increased as the silica concentration increased 
from 6 to 11% (wlw); G" was lower than C' under all experimental con- 
ditions. These results are characteristic of the plateau region of visco- 
elastic response where there is reversible elastic deformation of the gel 
structure. Figure 2 show the influence of methyl salicylate concentration 
on C' for n-dodecane gels containing 8% (wfw) silica. There was an initial 


8 Junior centrifuge, Callenkam Ltd., London, England. 
9 Unicam SPlsoO UV spectroppotometer, Pye-Unicam Ltd., Cambridge, En- 


10 Visking tubing, Scientific Instrument Centre, London. England. 
gland. 
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Figure 4-Variation of first-order rate constant for gel breakdown, k, 
with methyl salicylate concentration for I-dodecanol gels containing 
8'';. (w/u:) silica a t  37a. Oscillation frequency was 0.25 Ht. 


increase in G' with drug concentration to a maximum of -2% (w/w) 
methyl salicylate, followed by a progressive decline thereafter. 


In contrast, the 1-dodecanol gels exhibited nonlinear viscoelastic be- 
havior to the extent that there was a progressive decrease in u during the 
time of the rheological measurement. This behavior (Fig. 3) indicates 
irreversihle shear tlreakdown of the gel network. Analysis of the u-time 
data using Guggenheim's method (8) showed that the breakdown obeyed 
first-order kinetics. The irreversibility of the process was evident from 
the fact that a sheared sample left between the plates of the rheogo- 
niometer for 15 hr only recovered to -5% of its original v value on re- 
shearing. The 1 -dodecanol systems also exhibited syneresis when placed 
in the rheogoniometer a t  narrow gap widths. 


To minimize this prohlem and to obtain comparative.data, all samples 
were tested using the 0.05-cm gap. As a consequence of this behavior, it 
must be emphasized that C' data for the 8% (w/w) silica in 1-dodecanol 
gels (Fig. 2) have no absolute meaning since they are values calculated 
1 min after shear. Nevertheless, the plot demonstrates that there was a 
progressive decrease in G' with increasing methyl salicylate concentration 
and no evidence of a maximum in the relationship. 


The 1-dodecanol systems contained such an excess of hydroxyl groups 
relative to silanol groups that the probability of silanol-1-dodecanol in- 
teractions was higher than that of silanol-silanol interactions. This fact 
accounts for the much weaker network structure exhibited hy these gels 
when compared with the n-dodecane systems. Methyl salicylate incor- 
porated into the 1-dodecanol gels would act solely as a plasticizer and 
would reduce C', since it is not likely that any silanol groups would be 
available for hydrogen bond formation with the drug. The efficiency of 
the methyl salicylate molecule as a plasticizer is demonstrated by ex- 
amining its effect on the kinetics of breakdown of the 1-dodecanol gel. 
The influence of the drug concentration on the first-order rate constant, 
k (Fig. 4), clearly demonstrates the disruptive effect of the drug on the 
interparticulate network structure. 


In the n-dodecane systems, since there is no possibility of hydrogen 
bonding between silanol groups and the continuous phase, all silanol 
groups are available for interparticle or  drug-particle interactions. 
Therefore, the initial increase in G' with methyl salicylate concentration 
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Figure 5-Relation between initial and equilibrium methyl salicylate 
concentrattona for .systems containing 0.1 g o/silica in 1 0  ml of n-do- 
d w a n ~  (8)  or 1-dod~canol (e) at 37'. 
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Figure 6-Influence of continuous phase and methyl salicylate con- 
centration on the release rate from gels containing 8% fw/w) silica a t  
37". Key: 8,  n-dodecane; and a, I-dodecanol. 


(Fig. 2) can be attributed to the drug acting as a cross-linking agent, uia 
hydrogen bonds, and extending the network structure. Since there is a 
finite number of silanol groups in the gels, a point will be reached where 
they will all be involved in particleparticle or drug-particle interactions; 
upon further addition, methyl salicylate will act as a plasticizer and will 
reduce G' in a similar manner to that seen with the 1-dodecanol gels. A 
crude estimate of the drug concentration needed to produce saturation 
of the available silanol groups can be made from a knowledge of the 
specific surface area of the silica, i t s  concentration in the gel, and the 
number of silanol groups in a given surface area. 


According to the manufacturer's data (9), on average there are three 
silanol groups/100 k2 of silica surface. For this silica sample, the specific 
surface calculated using the Brunauer, Emmett, and Teller equation for 
adsorption (10) was 300 mVg. If the gross assumptions are made that all 
silanol groups are available and that each methyl salicylate molecule can 
react with a silanol group, then all groups will have interacted when ap- 
proximately 2% (w/w) methyl salicylate is present. In practice, the cor- 
respondence ratio between methyl salicylate and silanol groups would 
probably be less than I : 1 ,  and this would reduce the saturation concen- 
tration. Despite the crudity of the calculation, the result is in agreement 
with the experimentally observed maximum in G'.  


The ability of methyl salicylate to bond to silanol groups in n-dodecane 
gels hut not in 1-dodecanol systems also was demonstrated by the results 
of the adsorption studies (Fig. 5). If no bonding occurred, there would 
be a linear relation between initial and equilibrium methyl salicylate 
concentrations with a slope of unity. Bond formation, with consequent 
absorption, would result in an initial linear relation of a slope less than 
unity. Least-squares regression analysis gave slope values of 0.986 for 
1-dodecanol systems and 0.744 for n-dodecane systems. 


The differing effects on gel structure produced by addition of methyl 
salicylate to the two systems should be reflected in the drug release data. 
Preliminary work showed no significant drug adsorption to the cellophane 
membrane in the drug release experiments. Linear relations were oh- 
tained on plotting amounts released per unit area against (time)".5 after 
steady-state conditions had been attained. 


Figure 6 shows the relation between the slope values for such plots and 
drug concentrations for the two systems. The experimental scatter re- 
flects the difficulty in obtaining high quality data in this particular ex- 
periment. For this reason, no attempt was made to calculate effective 
diffusion coefficients. Statistically, there was no Significant difference 
in the slopes of the two lines ( p  = 0.05), and this result parallels the 
similarity of the oil-pH 2.0 buffer partition coefficients for the two oily 
media (193.3 for n-dodecane and 184.4 for 1-dodecanol). 


The conclusion to be drawn is that the amount of methyl salicylate 
bound in the n-dodecane gels is small with respect to the total drug 
concentration in the gels available for diffusion. Nevertheless, if the drug 
incorporated had been of high potency, its ability to hond to the silanol 
groups might seriously have reduced its availability. Further work is in 
progress on such systems; the continuous phase hydrogen bonding ca- 
pability will be varied in a systematic manner to permit an investigation 
of the interaction thermodynamics. 
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Abstract o The syntheses of some 1,4-benzodiazepines potentially useful 
as haptens are reported. These compounds are related to chlordi- 
azepoxide, diazepam, nitrazepam, clonazepam, and some of their me- 
tabolites. The chemistry reported here is intended to support specific 
immunoassay development for these drugs. 


Keyphrases 0 Benzodiazepines-chemical synthesis, potentially useful 
haptens o Tranquilizers-benzodiazepines, various, chemical synthesis, 
potentially useful haptens Haptens-benzodiazepines, chemical 
synthesis 


Immunoassay (1,2) is a powerful method for measuring 
drug levels in biological fluids. The extensive clinical use 
(3,4) and continued development (4,5) of benzodiazepines 
as a drug class make immunoassays for these compounds 
desirable. This paper reports some benzodiazepine hapten’ 
syntheses. Many haptens reported here have been utilized 
(6-8) in the immunoassay development for clinically im- 
portant benzodiazepines and their metabolites. 


The synthetic compounds are presented in three groups. 
Where possible, the numerical sequence reflects the syn- 
thetic sequence. The end-products, XII-XXIV, in Group 
A are related to diazepam and metabolites of diazepam and 
chlordiazepoxide. Compounds XXXI-XXXVI in Group 
B are related to chlordiazepoxide. Group C contains 
compounds derived from nitrazepam, clonazepam, and 
their metabolites. 


The synthetic methods are known either in the general 
art or in the special benzodiazepine chemistry described 
elsewhere (5, 9, 10). 5-Chloro-3-(4-hydroxyphenyl)-2,1- 
benzisoxazole (I) (1 1) and the corresponding 344-amino- 
phenyl) analog 11 (12-14) were the crucial starting mate- 
rials for compounds in Groups A and B. All other com- 
pounds reported are new except for the following: IV (11, 
15), VII (16), XXIV (6), XXV (17), XXXVIII (la), 
XXXVII (19), and XL (20). The preparation of VII, 
XXIV, and XL, however, is reported for the first time. 


I Haptens are defined (1) as antigens that are coupled to larger molecules. usually 
proteins, to provoke an antibody response. 


EXPERIMENTAL* 


3-(4-Aminophenyl)-5-chloroanthranil (11) (12-14)-To a mixture 
of 100 g (0.662 mole) of o-nitrobenzaldehyde and 160 g (1.05 mole) of 
phosphorus oxychloride was added dropwise, with stirring, 100 g (1.08 
moles) of aniline while the temperature was kept below 30°. After 3 hr 
a t  room temperature, the solution was heated at 75O for 18 hr and at 90’ 
for 3 hr. (The reaction becomes exothermic when heated.) 


The mixture was cooled, 200 ml of ethanol and 200 ml of concentrated 
hydrochloric acid were added, and the solution was heated to reflux for 
3 hr with stirring. On cooling, the precipitate was collected and washed 
with acetone, resuspended in dilute ammonium hydroxide for 1 hr, and 
collected again. After crystallization from ethanol, 70 g (86%) of I1 was 
obtained. Recrystallization from ethanol gave orange rods, mp 208- 
211”. 
4‘-(5-Chloro-3-anthranily~)-2,2,2-trifluoroacetanilide (111)-A 


mixture of 70 g (0.286 mole) of 11, 75 g (0.357 mole) of trifluoroacetic 
anhydride, and 1 liter of tetrahydrofuran was heated to reflux for 30 min. 
After concentration to a small volume, ether (300 ml) was added. The. 
solution was filtered to give 60 g of product and then was concentrated 
to give an additional 5 g. The filtrate was evaporated, and the residue was 
stirred with cold aqueous potassium carbonate solution and filtered. 


The solid thus collected was dissolved in tetrahydrofuran and treated 
with charcoal. After filtration and concentration to a small volume, ether 
was added. A 10-g precipitate of 111 was collected to  give a total yield of 
75 g (77%). A sample recrystallized from tetrahydrofuran-hesane gave 
pale-yellow rods, mp 251-254”; IR (KBr): 3310 (NH) and 1705 (C=O) 
cm-‘. 


And-Calc. for C15HsCIF:{N202: C, 52.88; H, 2.37; N, 8.22. Found: C, 
52.85; H, 2.32; N, 8.27. 
2-Amino-5-chloro-4‘-hydroxybenzophenone (IV) (1 I ,  15)-To a 


solution of 83.7 g (0.34 mole) of 5-chloro-3-(4-hydroxyphenyl)-2,1- 
henzisoxazole (I) (11) in 1500 ml of acetic acid was added 45 g of iron 
filings. The mixture was stirred and heated on the steam bath for 20 min. 
Every 30 min, an additional 20 g of iron filings and 100 ml of water were 
added for 2.5 hr. After 30 min more, the reaction mixture was filtered 
while hot. 


The collected precipitate was heated with acetic acid and filtered. The 
combined filtrates were diluted with ice water to precipitate 39.8 g (47%) 
of IV, mp 170-175’. Recrystallization from methanol-water gave yellow 
rods, mp 173-178’. 


2-Amino -5- chloro-4‘-(2,2,2-trifluoroacetamido) benzophenone 


2 Structural assignments are based on unamhiguous spectral data and on related 
structures published elsewhere [R. I. Fryer, J.  Blount, E. Reeder, E. d. Trybulski. 
and A. Walser, J .  Org. Chem., 43. 4480 (1978)). Only selected spectral data are 
presented here. 
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Abstract 0 Pharmacokinetic, pathophysiologic, and historic data were 
systematically collected while monitoring theophylline therapy in adult 
pulmonary patients and from special studies in pediatric patients, normal 
volunteers, and patients with other diseases. Total body clearances (ClT)  
were estimated by nonlinear computer analysis after infusion dosage or 
from area under the curve data following single oral or intravenous 
theophylline doses. The CiT values, primarily reflecting the theophylline 
biotransformation rate, averaged 58 (f30) ml/hr/kg and ranged from 4 
to 143 ml/hr/kg. Factors examined for their effect on theophylline CiT 
included age; sex; liver disease; congestive heart failure; obesity; renal 
function; history of drug, tobacco, marijuana, caffeine, or alcohol use; and 
pregnancy. The NYBAID (automatic interaction detector) computer 
program for analysis of variance was employed to determine the order, 
priority, and combinations of independent variables correlating with CiT. 
The major factors that affected theophylline CIT in this population in- 
cluded age, liver disease, smoking status, and congestive heart failure. 
Age showed strong correlation ( r  = -0.49) with c1T. Much additional 
variability was accounted for in specific subgroups. For example, young 
adult (20-40 years) marijuana users exhibited highest CIT values (83 f 
29 rnl/hr/kg) while older patients 0 4 0  years) with liver disease had the 
lowest metabolism rates (22 f 10 ml/hr/kg). In particular subject types, 
sex (in teenagers), oral contraceptives (in smokers), obesity (in young 
nonsmokers), and barbiturates also affected theophylline disposition. 
In contrast, several common factors such as chronic theophylline, chronic 
corticosteroids, caffeine, sex (in adults), and pregnancy did not alter 
theophylline CIT. This unique clinical pharmacokinetic monitoring and 
statistical approach to drug clearance characterization in patients permits 
identification of criteria in a format that may be useful for the prediction 
of drug disposition rates and dosage regimens. 


Keyphrases 0 Theophylline-metabolism, effect of age, tobacco, 
marijuana, cirrhosis, congestive heart failure, obesity, oral contraceptives, 
benzodiazepines, barbiturates, ethanol, pulmonary patients 0 Smooth 
muscle relaxants-theophylline, metabolism, effect of age, tobacco, 
marijuana, cirrhosis, congestive heart failure, obesity, oral contraceptives, 
benzodiazepines, barbiturates, ethanol, pulmonary patients 0 Dosage 
regimen-theophylline, predictive scheme, effect of various patient 
variables on metabolism 


The drug elimination rate as reflected by the total body 
clearance (C~T) and the plasma-tissue distribution as 
represented by the apparent volume of distribution (Vo) 
are the primary clinical pharmacokinetic requirements for 
devising dosage regimens in patients. Reasonable success 
has been achieved in predicting dosage requirements for 
drugs whose body clearance is determined largely by renal 
function where the serum creatinine concentration or 
creatinine clearance can be used to estimate drug clearance 
(1, 2). In contrast, numerous genetic, environmental, 
pathophysiologic, and pharmacokinetic factors that affect 
biotransformation rates make dosages highly unpredict- 
able for extensively metabolized drugs. Serum concen- 
tration monitoring has assisted in the clinical use of many 
such drugs (3 ,4) .  


Theophylline, an extensively metabolized drug, poses 
clinical pharmacokinetic difficulties. This xanthine de- 
rivative is -90% biotransformed by microsomal oxidative 
enzymes with the remaining 10% of the dose excreted un- 
changed in the urine (5) .  Numerous studies have demon- 
strated highly variable half-life and body clearance values 
in typical adult and pediatric patients (6-9). Many reports 
indicated that dosage requirements of patients are highly 
unpredictable and illustrated the need for serum level 
monitoring (6, 10, 11). The 8-20-mgfliter “window” of 
serum theophylline concentrations usually produces op- 
timum bronchodilation (6,12). 


Rapid and specific theophylline assays in biological 
fluids using methods such as high-pressure liquid chro- 
matography (HPLC) (13) have been helpful in patient 
therapy (10,111. Serum theophylline concentration mea- 
surements are not always possible, however, and the blood 
collection, analytical, and interpretive procedures take 
time. It is important, therefore, to develop dosage guide- 
lines for different types of patients to  be used before or in 
the absence of the feedback information from theophylline 
assays (3). 


This report describes common factors that determine 
theophylline clearance. Pharmacokinetic, pathophysio- 
logic, and historic data were systematically collected while 
monitoring theophylline therapy in adult pulmonary pa- 
tients and from special studies in pediatric patients, nor- 
mal adult volunteers, and subjects with unique charac- 
teristics such as obesity or cirrhosis. Pharmacokinetic and 
statistical methods were utilized to characterize the vari- 
ability in body theophylline clearances in 200 such per- 
sons. 


EXPERIMENTAL 


Subjects-Body theophylline clearances were determined prospec- 
t ively in 100 adult inpatients a t  the Millard Fillmore Hospital. These 
patients were studied during routine medical management with theo- 
phylline administered by intrwenous infusion for a t  least 24 hr. The 
dosage guidelines (nomogram) and other aspects of the clinical phar- 
macokinetic monitoring system were described previously (9). 


Additional clinical and pharmacokinetic data were obtained from the 
literature for single-dose aminophylline administration to 15 pediatric 
patients (71, for normal late-teen or adult subjects (14-17), for 14 obese 
adults (18), for eight cirrhotic patients (19), and for pregnant women (20). 
All  patients and volunteer subjects were residents of western New York 
state a t  the time of the study. 


Survey Design-The body clearance, or more precisely the total 
serum theophylline clearance (CZT), was taken as the dependent variable 
for correlation with various factors likely to affect the drug disposition 
rate. This parameter was chosen because it could be generated from all 
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Table I-Statistical Caiegories Describing Theophylline Body Clearances 


Parameter 
(Abbreviation) Division 


Group 
Code 


Body Clearance, 
Number of ml/hr/kg IBW, 
Subjects mean (SD) 


Body clearance 
Age, years 


Sex 


Congestive heart 
failure (CHF)” 


Obesity 


Creatinine 
clearance (CrCI), 
ml/min/1.73 m2 


Theophylline 
history 


Steroid history 


Oral 


Barbiturate 


Henzodiazepine 


Phenothiazine 


Tricyclic anti- 


Smoking’ (CIG) 


contraceptives (OC) 


history (BARBS) 


history (BENZ) 


history 


depressant history 


Caffeine used 


Ethanol (EtOH) 
and cirrhosis 


Marijuana 


Pregnancy 


usep (MJ) 


- 
<20 
20-39.9 
40-59.9 
>60 
F 
M 
None 
Mild 
Moderate 
Severe 
None 
Moderate 
Severe 
2100 
50-99 
20-49 
<20 
None 
User 
None 
User 
None 
User 
None 
User 
None 
User 
None 
User 
None 
User 
None 
Light 
Heavy 
Slight 
Moderate 
Heavy 
None 
Social drinker 
Heavy drinker 


cirrhotic 
None 
Light 
Heavy 
No 
Yes 


or 


All 
1 
2 
3 
4 
2 
1 
0 
1 
2 
3 
0 
1 
2 
1 
2 
3 
4 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
2 
0 
1 
2 
0 
1 
2 


0 
1 
2 
0 
1 


200 
23 
79 
37 
61 


105 
95 


149 
27 
15 
9 


133 
62 
5 


62 
116 
20 
2 


117 
83 


139 
61 


186 
14 


175 
25 


175 
25 


196 
4 


195 
5 


107 
54 
39 
42 
82 
76 
66 


119 
15 


177 
9 


14 
190 
10 


57.9 (29.8) 
91.9 (28.1) 
64.2 (27.2) 
47.8 (24.8) 
43.1 (23.2) 
57.0 (24.5) 
58.9 (34.8) 
64.1 (30.1) 
46.5 (21.2) 
34.8 (16.6) 
28.0 (13.5) 
55.5 (28.3) 
62.9 (33.1) 
59.7 (21.2) 
60.6 (23.8) 
60.4 (32.3) 
37.1 (24.3) 
34.8 
54.3 (28.0) 
62.9 (31.5) 
57.0 (29.6) 
59.9 (30.3) 
58.5 (30.4) 
49.8 (18.6) 
57.9 (29.1) 
57.6 (34.5) 
59.3 (29.7) 
48.2 (29.1) 
57.9 (29.7) 
56.2 (36.3) 
58.2 (29.8) 
44.1 (29.6) 
57.0 (30.4) 
61.1 (29.0) 
55.9 (29.3) 
74.0 (30.3) 
49.7 (29.4) 
57.8 (26.4) 
65.1 (30.5) 
58.3 (27.9) 
22.4 (10.5) 


56.1 (29.5) 
54.1 (17.5) 
82.9 (28.8) 
57.7 (30.3) 
61.5 (17.5) 


0 Based on criteria of Peck et al. (27). Moderate obesity = 15-55% overweight; severe obesity = >55% overweight. Light = <1 and heavy = 11 pack/day. d Slight 
= 52,  moderate = 3-5, and heavy = >5 cups of coffee or tea/day; caffeine equivalents from cola were typically “slight.” Light = <1 and heavy = 2 2  jointdweek. 


serum concentration uersus time data collected and because it is needed 
to determine maintenance doses (DIT) for achieving a desired steady- 
state serum concentration (C:): 


D/T = ( C ~ T ) ( C ~ )  (Eq. 1) 
where D is the dose given at time intervals, T. To correct for body size, 
the CIT value was adjusted for lean body weight (18). The lean body 
weight (IBW) was estimated as the “ideal” weight based on height and 
bone structure (21). Weight, rather than surface area, was chosen for 
normalizing the data because of the limited body size range of the 
subjects, because theophylline clearances are conventionally expressed 
as milliliters per hour per kilogram (12, 15, 181, and because such CLT 
values are converted easily into a dosage regimen using Eq. 1. 


Patient Surveillance-Clinical descriptive data regarding the pa- 
tients were collected over a 4-year period. The survey approach was de- 
scribed previously (9). Similar information from the normal volunteers 
was usually obtained in confidence. 


The factors gathered as independent variables for this analysis are 
listed in Table I. Each patient parameter was chosen on the basis of its 
generally known influence on drug metabolism or because of its potential 
for affecting theophylline disposition. Only factors capable of being ob- 
tained by examination (physical and history) of a patient upon hospital 
admission or by rapid automated analyzer analysis (serum biochemistry 
profile) were included. This approach was chosen to yield useful infor- 
mation for designing future dosage regimens for typical patients. 


The relationship of age to theophylline clearance was examined because 


previous studies revealed differences in theophylline disposition between 
adolescents and adults (7) and because elimination of various drugs is 
slower in older patients (22-24). Sex was included because of known 
differences between genders in metabolism of drugs such as antipyrine 
(23,251. Congestive heart failure was examined because of the reduction 
in hepatic clearance that accompanies this disease (26). The severity of 
congestive heart failure was ranked as absent (0) or graded 1-3, using 
criteria described by Peck et al. (27). 


Obesity was examined because physiological changes occur in obese 
subjects, including increased cardiac output and hepatic blood flow (28). 
Also, considerable uncertainty has existed regarding use of lean rather 
than total body weight as a basis for drug dosage regimens (18). Creatinine 
clearance was included because -10% of a theophylline dose usually is 
excreted by the kidneys (5). The creatinine clearance was estimated from 
the serum creatinine concentration, lean body weight, sex, and age of each 
patient using the nomogram of Siersbaek-Nielsen et al. (29). Creatinine 
data were not available for the 15 pediatric patients. Normal age-related 
values were used for these subjects, none of whom had kidney disease. 


The patient history was completed by questioning the patient (or 
guardian) or by consulting the patient:s chart or physician. Previous 
theophylline use was examined because the drug induces its own me- 
tabolism in animals (30). Steroid history was included because cortico- 
steroids accelerate the biotransformation of many drugs (31,32) and have 
been posed as an interaction factor with theophylline (33). In contrast, 
oral contraceptives may decrease drug metabolism rates (34) and were 
noted as a separate variable. 
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Four other drug history categories were included barbiturates, because 
oftheir well-known enzyme inductive effects (35,361 and their possible 
ellect on theophylline disposition (37); benzodiazepines, because of their 
common use in patients and their potential for altering drug biotrans- 
formation (38); and phenothiazines and tricyclic antidepressants for 
similar reasons (39, 40). Other potentially interacting drugs such as 
erythromycin (41) and troleandomycin (42) were not observed. 


Social drug habits studied including smoking because of its well-es- 
tablished effect on drug disposition in general (43) and on theophylline 
in particular (14,44,45). Marijuana use was included for identical reasons 
(17). Caffeine consumption (number of cups of coffee or tea per day) was 
quantitated in recognition of the weak inductive effect of caffeine (46) 
and catechin (47) on drug metabolism in animals and because of the re- 
cent observation of an effect of dietary methylxanthine intake on theo- 
Iiromine disposition (48). 


Ethanol consumption was included because small quantities of alcohol 
can stimulate oxidative drug biotransformation pathways, while large 
amounts may either diminish drug metabolism acutely or cause liver 
disease (49.50). In fact, patients with cirrhosis and those consuming large 
quantities of ethanol were grouped together because of the latter likeli- 
hood and the earlier finding of markedly impaired theophylline dispo- 
sition in cirrhotics (19,511. 


Pregnancy was of interest because the biotransformation of some drugs 
is enhanced during pregnancy (52) and because asthmatic, pregnant 
women often experience difficulties in breathing. 


Other patient characteristics also were recorded but were not included 
in this analysis because they either occurred infrequently or not a t  all. 
Also, many facts were not recorded because they were not recognized as 
interaction factors at the time of this study. Acute pulmonary edema (531, 
thyroid dysfunction (54), low arterial PO2 (55), acute steroid adminis- 
tration (31), marked dietary changes (56), recent ingestion of charcoaled 
foods (57), and respiratory viral illness (58) may alter the microsomal 
oxidation of drugs such as theophylline. Subjects were Caucasian except 
for two persons from India and Iran and six Negroes. Genetic differences 
related to race were not examined. Surveillance data included a serum 
biochemistry profile (SMAC P7), which was largely used to confirm 
certain disease categories (e.g., liver dysfunction). 


Drug Assay-Theophylline concentrations in serum were measured 
by HPLC (13) in most patients and volunteers and by spectrophotometric 
assay (59) in the pediatric patients (7) and in some normal adult subjects 
(15). Good agreement has been found between the two assay methods 
(13). 


Pharmacokinetics-For subjects who received a single oral solution 
or intravenous dose of theophylline, the body clearance was calculated 
from: 


c1T = doselarea (Eq. 2) 


where area represents the area under the serum concentration versus time 
curve extrapolated to time infinity. Because theophylline poses no known 
GI absorption problems, especially when given in solution (60), and be- 
cause its low ClT'should cause little "first-pass" hepatic metabolism, 
complete systemic bioavailability of oral drug doses was assumed. 


Most pulmonary patients received theophylline by continuous intra- 
venous infusion, usually with administration of a loading dose or following 
previous therapy with the drug. The time course ( t )  of serum theophylline 
concentrations (C,,) was characterized by: 


where C: is the initial serum concentration, VD is the apparent volume 
of distribution, and ko is the drug infusion rate. Blood samples were 
generally collected at  1,12, and 24 hr and often at  later times. It was as- 
sumed that VD = 0.45 literkg of ideal body weight for each patient, and 
the 1-hr C,, value was used as C:. The NONLIN computer program (61) 
generated the least-squares fitted c1T value. The suitability of this 
method for calculating theophylline ClT was demonstrated previously 
(9). 


Equation 3 reduces to C r  = k&lT as the steady state (Caps) is ap- 
proached or attained. This equation is model, volume, and time inde- 
pendent, which accounts for the extremely good c1T estimates for most 
patients who were close to steady state after 24 hr of loading and infusion 
therapy. 


Statistics-Statistical procedures used to assess the relationship of 
theophylline c1T to the selected patient parameters included linear re- 
gression analysis (62,63) and the NYBAID computer program (64). This 
program quantitates the variance associated with the dependent variable 
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Figure 1-Total body clearances of theophylline in relation to age of 
200 patients and normal volunteers who received oral or intravenous 
theophylline. The regression line depicts age dependence of theo- 
phylline biotransformation in spite of the great Variability in clear- 
ances. 


by assessing the order, priority, and combinations of independent vari- 
ables that allow maximum statistical discrimination between groups. 
Information fed to the program involved the CIT value as a continuous, 
dependent variable along with 17 independent variables. As shown in 
Table I, it was necessary to partition each independent variable into 
coded integers. Selection of the number of subgroups for each variable 
was based either on obvious discriminating factors (e.g., sex and user/ 
nonuser) or on the ability to quantitate differences based on conventional 
criteria (e.g., congestive heart failure and smoking). 


The largely noncontinuous, nominal, and nonlinear nature of the pa- 
tient characteristics precluded effective use of multiple linear regression 
analysis but allowed advantageous employment of the NYBAID program. 
The program subdivides the c1T sample through a series of binary splits 
into a mutually exclusive series of subgroups with the branching process 
based on variance analysis techniques. The possibility of interaction 
between variables a t  different stages is handled by reintroducing factors 
whose simple effects already have been reviewed but which may also 
mediate the effects of factors at a later stage. The linearity and additivity 
assumptions inherent in conventional multiple regression techniques are 
not required. 


Program control includes reducibility criteria for splitting groups ( p  
< 0.01), minimum size of groups before and after splitting (no minima 
used), and weights (all data were weighted = 1). Subgroups are produced 
based on a primary test of reduction of the unexplained sums of squares 
rather than on differences between subgroups as assessed by conventional 
t tests. Several patients were studied on more than one occasion, and their 
data were included each time to self-weight such multiple observations 
and to account for clinical changes occurring between these times. 


RESULTS AND DISCUSSION 


Body Clearances-Half of the pharmacokinetic data for this survey 
were obtained while monitoring theophylline therapy in hospital patients. 
Dosing guidelines (65) provided an intravenous loading dose (short-term 
infusion) based on body weight with a dosage reduction if recent theo- 
phylline administration had occurred. The maintenance infusion rate 
was based on body weight and on three levels of anticipated biotrans- 
formation capability. An initial serum concentration (C:) was achieved 
a t  1 hr after the loading dose. Serum concentrations thereafter attained 
or progressed toward a steady state. Least-squares fitting using Eq. 3 
generated the designated c1T values and their standard deviations (SD) .  
In most cases, the SD was relatively small, indicative of a close fit of the 
equation to the experimental data (9). 


The c1T values in relation to the age of 200 subjects are summarized 
in Fig. 1. The major characteristic of theophylline disposition is the 
pronounced variability in c1T values over all age groups. The CIT aver- 
aged 58 (SD = 30) ml/hrkand ranged from 4 to 143 mlhrkg. However, 
the trend ( r  = -0.488) for c1T to decrease with age was apparent and 
statistically significant ( p  < 0.01). The figure also shows the wide age 
range of subjects, with a generous distribution of persons within each 
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Figure %-Cascade offactors determining theophylline total body clearances. The NYBAID statistical computerprogram wos used to seek the order, 
priority, and combinations of independent variables (Table I) that correlate with theophylline clearances. Each partition represents a statistical 
difference of p < 0.01, and the circles list the number of subjects (circled), descriptive factor, group mean, and standard deoiation (in paren- 
t h i w s ) .  


decade past childhood. Because of this finding and the extraction of data 
from patients actually undergoing therapy, the information is reasonably 
representative of the typical cross-section of persons requiring theo- 
phylline. 


Two additional patients with extraordinarily high c1T values (195 and 
217 ml/hr/kg) were identified and excluded from this and all other sta- 
tistical analyses. These patients were outside the general characteristics 
of this population (ie., were outliers), and inclusion of their variances 
distorted the analysis. Acute high-dose steroid therapy (rather than 
chronic steroid use), a fador that accelerates antipyrine metabolism (31), 
may account for the high CZT value in one female patient. The other pa- 
tient was a male heavy smoker with severe renal impairment and hy- 
pertension who had been receiving a variety of drugs including pheno- 
barbital, diazepam, propranolol, reserpine, and methyldopa. 


Patient Variables-The NYBAID computer program was employed 
to examine the patient variables listed in Table I. This table provides the 
division of variables into subgroups with the number of patients, mean 
c/T, and SD for each subgroup. The study population Characteristics can 
be best appreciated from this summary. For example, many patients were 
over 60 years old, which is typical of an adult hospital patient population. 
There were nearly equal numbers of male and female subjects. Fifty-one 
patients had some degree of congestive heart failure, and 15 patients had 
liver disease (cirrhosis). Only two patients had very poor renal func- 
tion. 


Obesity was a frequent occurrence, although only five patients were 
grossly overweight (>55%). Many persons were chronically receiving 
theophylline, corticosteroids, oral contraceptives, and various tranquil- 
izers. Ninety-three subjects were smokers including 45 of the 100 adult 
patients with pulmonary disease. All marijuana smokers were young, 
normal adults. Many persons consumed moderate to appreciable quan- 
tities of caffeinated drinks and ethanol. 


The mean values in Table I are of interest in examining the patient 


subgroups representing each factor. Parameters that had the strongest 
influence on theophylline disposition can be identified by inspection. For 
example, young age, congestive heart failure, liver disease, and marijuana 
use stand out. On the other hand, because of drug-disease interactions 
and diverse patient characteristics, the role of many important factors 
determining theophylline CIT can be discerned only after further patient 
data become available. 


Analysis of Variance-Age-The cascade of patient variables as- 
sociated with differences in theophylline CiT values among 200 persons 
is shown in Fig. 2. Complementing the regression analysis, the data were 
initially partitioned according to age with 40 years as the demarcating 
age. As will be demonstrated by the types ofpatients found further down 
the cascade (a lower c1T in cell 10 than in cell 5), this age difference may 
be a dual effect of aging and of a greater incidence of hepatic dysfunction, 
cirrhosis, and congestive heart failure among the older group. In the under 
40-year group, a second split based on age separated the adolescent/ 
teenage subjects from the young adults. 


These data, while partly derived from the prospective study by Ellis 
et al. (7), further confirm the observation that children metabolize 
theophylline more rapidly than do adults. This enhanced theophylline 
biotransformation extends down to the 14-year range as well. Loughnan 
et al. (66) found a mean CIT of 100 ( f36)  ml/hr/kg in such younger 
children. 


Gender-A new finding in the young subjects, 6-19 years old, is an 
apparent gender difference in c/T. These data (Fig. 3) indicate that young 
males metabolize theophylline more rapidly than do females. Reexami- 
nation of the data of Leung et 01. (67) for children 6-16 years old lends 
support to this observation. They listed c/T values averaging 89.8 (34.3) 
ml/hr/kg in 19 males and 58.8 (17.8) ml/hr/kg in 11 females. On the other 
hand, the original data of Ellis et al. (7) and of Loughnan et al. (66) 
suggest no gender differences in theophylline c/T. This possible sex effect 
on theophylline biotransformation does not extend into adults; Powell 
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Figure 3-Effect of sex on total body clearances of theophylline in 
adolescents and teenagers. This and subsequent graphs show mean 
values as bars, standard deviations as vertical lines, and numbers of 
subjects within bars. Subject groups correspond to cells 26 and 27 in Fig. 
2. 


et al. (45)previously observed no differences in c1T in young adults, and 
our remaining cascade data (Fig. 2) provided no further gender dis- 
crimination. 


Smoking-The major factors affecting theophylline disposition in 
young adults are tobacco and marijuana smoking. This factor emerges 
largely because an appreciable number of the subjects in the 20-39.9 year 
class were relatively healthy persons with no overt hepatic or cardiac 
diseases (17). Use of social drugs (tobacco, alcohol, marijuana, and caf- 
feine), tranquilizers (benzodiazepines), and oral contraceptives was 
common in this group and provided the only unique characteristics for 
examination by the NYBAID program. Many asthmatic patients were 
included in the 79 persons in this age range, and the data probably are 
highly representative of young adults who need theophylline therapy. 
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Figure 4-Effect of smoking on total body clearances of theophylline 
in normal adult subjects and inpatients 2MOyears old. Subject groups 
correspond to cells 13, 12, and 6, respectively, in Fig. 2. 
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Figure 5-Effect of oral contraceptives on total body clearances of 
theophylline in adult smokers. Subject groups correspond to cells 17 
and 16, respectively, with the latter partitioned further according to 
sex. 


Figure 4 shows the differences in c1T among young adults in relation 
to smoking habits. The enhanced theophylline c1T in both marijuana 
and tobacco smokers extends and confirms previous findings (14,17). 
This phenomenon is probably due to induction by polycyclic aromatic 
hydrocarbons present in smoking materials (43) as well as in charcoaled 
foods (57). The use of marijuana or a combination of marijuana and to- 
bacco produced the largest clearances observed in young adults (83 * 29 
ml/hr/kg). Other effects of smoking on theophylline c1T will be described 
in subsequent sections. 


Oral Contraceptives-An interesting finding (Fig. 2) is that the effect 
of oral contraceptives on theophylline CIT was obtained only in smokers. 
The use of oral contraceptives was associated with a diminished ClT (55 
f 21 ml/hr/kg in users versus 71 f 30 ml/hr/kg in nonusers). This result 
is, in part, consistent with data of Homeida et al. (34) who found a lower 
antipyrine clearance in young women during prolonged oral contraceptive 
therapy. Since the oral contraceptive nonusers included both males and 
females, the data were further examined by splitting Group 16 (Fig. 2) 
according to sex (Fig. 5). This approach confirmed the lack of gender 
difference in c1T at  this branch of the cascade. The metabolic interaction 
of smoking and oral contraceptives is intriguing in view of mounting ev- 
idence for other associations of these two factors, such as an increased 
incidence of circulatory disorders and mortality risk (68,69). 


Liver Disease-The most profound determinant of theophylline c1T 
in persons >40 years of age is the presence of liver impairment, expressed 
as either clinically diagnosed cirrhosis or inferred from heavy use of 
ethanol and abnormal serum biochemistry. Patients with the latter two 
factors (Fig. 6) exhibited a mean c1T of only 22.4 (10.5) ml/hr/kg, the 
smallest grouped value in the entire cascade. This result includes and 
extends the previous study of eight cirrhotics (19) and further confirms 
the findings of Piafsky et al. (51) who also found extremely low c1T values 
in most patients with cirrhosis. There was an additional difference in c1T 
lower in the cascade between persons who used ethanol socially and those 
who abstained, as will be described. 


C'ongestioe Heart Failure-The presence of congestive heart failure 
was the second major factor accounting for decreased theophylline 
clearance in older adults (Figs. 2 and 7). Mild congestive heart failure 
apparently was without effect, since these patients were grouped with 
noncongestive heart failure subjects with a mean CIT of 54 (23) ml/hr/kg. 
Patients with moderate and severe congestive heart failure were com- 
bined and exhibited a CIT of 34 (15) ml/hr/kg, a substantial difference 
t'rom the remaining patients. 


Congestive heart failure may induce hepatic congestion with structural 
and functional derangements. In addition, the clearance of drugs that 
are highly dependent on liver blood flow is usually diminished (26). De- 
creased theophylline clearance was found in nine of the 10 reported pa- 
tients with left-sided heart failure (53,70), but the effects of right heart 
failure are less clear. Fourteen of our patients with congestive heart failure 
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Figure 6-Effect of heavy ethanol use andlor hepatic cirrhosis on body 
clearances oftheophylline in adult subjects >40years of age. Subject 
groups correspond to cells 8 and 9 in Fig. 2. 


(including two with liver disease) were previously found to exhibit a mean 
c1T of 31.8 (14.8) ml/hr/kg (65). In the overall surveillance, the presence 
of congestive heart failure was usually indicated by history and physical 
findings including edema and elevated central venous pressure. The 
gradation of the disease was characterized according to the criteria of 
Peck et al. (27). However, these groups should be accepted only as ap- 
proximate since the criteria were applied by the clinical pharmacokine- 
ticist in concert with the house staff or consulting physician and were not 
unbiased scores solicited from a “blinded” cardiologist. Nevertheless, 
the congestive heart failure diagnosis was obtained without knowledge 
of the patient’s theophylline CIT. 


An interesting finding was the interaction between congestive heart 
failure and smoking (Fig. 7). Heavy smoking appeared to offset the di- 
minished C1T found in moderate to severe congestive heart failure. This 
is the first observation of an effect of smoking superimposed on major 
organ dysfunction. The ability to discern this type of drug-disease in- 
teraction is a unique advantage of the NYBAID approach. 


Obesity-An effect of obesity on theophylline disposition is seen in 
the younger subjects (<40 years) on the cascade (Fig. 2). The overweight 
subject8 tended to have larger clearances than the lean persons. Since 
this finding disagrees somewhat with previous results (18), the data were 
assessed more rigorously using a continuous regression analysis. Figure 
8 depicts the CIT values (normalized for ideal body weight in relation to 
the ratio of total to ideal body weight. Both the correlation coefficient 
( r  = 0.476) and the regression slope (0.168) were statistically significant 
( p  < 0.025). Thus, a trend for increased CIT with obesity occurs in a select 
group of young adults who are nonsmokers. 


In contrast, previous investigation of theophylline disposition in 57 
normal and 14 obese subjects yielded essentially identical CIT values 
when normalized for ideal body weight in this way (18). The disparity 
between the two studies may be explained in noting that the data were 
previously assessed without separating possible confounding factors. A 
similar gross evaluation of mean data (Table 1) reveals no differences 
among lean, moderately obese, and severely obese persons. The small 
increase in CIT in uncomplicated obesity is consistent with physiological 
expectations, because severely obese persons have been shown to have 
increased cardiac output, resulting in a small increase in hepatic blood 
flow (28). Moreover, it was previously found (l8) that the apparent vol- 
ume of distribution of theophylline corresponds to total body weight 
rather than to ideal weight, suggesting that theophylline readily dis- 
tributes into body fat. 


Benzodiazepine, Barbiturate, and Ethanol Use-A splitting of 
subgroups that is awkward to explain is shown as Groups 14 and 15 in Fig. 
2. Older adults without significant liver or cardiac impairment were split 
on the basis of smoking, but the non- and heavy smokers were merged. 


W’ 


0 L 
NONE OR 


MILD 


T 


CONGESTIVE HEART FAILURE 


Figure 7-Effect of congestive heart failure (CHF) and smoking on body 
clearances of theophylline in  older adult patients (>40years) without 
l i ivr  impairment. Congestive heart failure diminishes theophylline 
i.liwrance, but heavy smokers (HS) with congestive heart failure exhibit 
largc,r clearances than nonsmokers (NS) or light smokers (LS). Subject 
groups correspond to cells 10,30, and 31, respectively, in Fig. 2. 


This result may be a statistical artifact or suggest a lack of a dose-effect 
relationship for the role of smoking in older subjects, or unclassified 
secondary factors such as disease or drug use may overwhelm the primary 
effect in one subgroup. This anomaly would cast some suspicion on the 
remaining elements of the cascade, except that they are comprised of 
expected drug interaction effects. 


An observation that emerges in older subjects once the effects of liver 
disease and congestive heart failure are separated is an effect of chronic 
benzodiazepine, barbiturate, and ethanol use on theophylline CIT. As 
shown in Figs. 2 and 9, users of these compounds exhibited larger C ~ T  
values than nonusers. These groups were comprised almost entirely of 
pulmonary patients (most of the normal volunteers were <40 years old), 
and these data thus provide the first indication that these enzyme in- 
ducers may alter theophylline disposition under conventional clinical 
conditions. 


The barbiturate effect is consistent with recent obskrvations of Landay 
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Figure 8-Effect of obesity on body clearances oftheophylline in adult 
nonsmoking subjects 20-40 years of age. Key: 0, cell 28 in Fig. 2; and 
0 ,  cell 29 in Fig. 2. 
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Figure 9-Effect of use of benzodiazepines (BENZ), barbiturates 
(BARBS), and social ethanol (EtOH) on body clearances of theophylline 
in patients >40 years of age without liver or cardiac disease. 


c’l a/.  (37) who found a mean increase in theophylline cbj- of 34% in six 
healthy subjects following 4 weeks of phenobarbital administration. In 
contrast, Piafsky et al. (71) found no such effect after briefer pheno- 
barbital treatment in healthy adults. Microsomal enzymes for theo- 
phylline metabolism in the rat also are weakly susceptible to barbiturate 
induction, but, as in humans, are more strongly affected by polycyclic 
aromatic hydrocarbons (30). While theophylline is largely a substrate 
for the P-448 microsomal enzymes, phenobarbital is capable also of al- 
tering liver size and hepatic blood flow and may thereby indirectly affect 
the apparent theophylline clearance by a nonenzymatic mechanism 
(36). 


The effects of the benzodiazepines and ethanol (social use) are similar 
to those of the barbiturates. These effects are consistent with known drug 
interaction mechanisms (38,50). However, the small number of benzo- 
diazepine users diminishes the credibility of this finding; an additional 
study is needed to substantiate both effects. 


Other Factors-The NYBAID program provided a further breakdown 
of patient characteristics into many additional groups. However, the 
analysis was terminated with 31 cells (Fig. 2) because the number of 
subjects per group was becoming small and statistically less reliable. In 
fact, the authors of the NYBAID program advise against splitting cells 
containing fewer than 25 observations unless there is an  a priori hy- 
pothesis to be tested (64). However, these subsequent splitting8 provided 
the opportunity to analyze the final groupings with regard to the major 
parameters listed in Table I. This approach ruled out any underlying 
effects of the dominating factors affecting theophylline in a portion 
of the subgroup. In addition, a histogram of the residuals in the NYBAID 
analysis was constructed to assess whether the unaccounted variance may 
have a nonnormal distribution. The residuals clearly showed a Gaussian 
distribution, suggesting that a random array of factors (rather than a 
pharmacogenetic source, for instance) produce the remaining variability 
in the data. 


Several factors existed in numerous patients but failed to emerge as 
important determinants of theophylline disposition. These factors in- 
clude sex in adults and chronic use of theophylline, corticosteroids, and 
caffeine (Table I). Also, no effects of pregnancy were found. It is not ap- 
propriate to rule out any effects of phenothiazines, tricyclic antidepres- 
sants, severe renal impairment, or oral contraceptives in nonsmokers a t  
this time because too few patients were encountered for these catego- 
ries. 


COMMENTARY 


The clinical pharmacokinetic surveillance of patients provides the 
opportunity to collect data for evaluating basic assumptions about 
pharmacokinetics and for identifying useful criteria for the dosage regi- 
men design (3,72). One rationale underlying such an approach to digoxin 
pharmacokinetics was described by Sheiner et al. (73). These investi- 
gators included factors such as serum digoxin concentration, digoxin 
dosage history, body weight, sex, serum creatinine concentration, and 
thyroid function in developing a computerized system for interpreting 
serum digoxin concentrations in patients and predicting digoxin dosages. 
Digoxin is primarily eliminated by renal excretion, which simplifies op- 
timum dosage prediction (2). The characterization of biotransformation 


rate determinants has remained a more formidable task because of the 
myriad factors affecting liver function and the lack of a good marker for 
the hepatic metabolism rate. 


Surveil lance Limitatians-There are several limitations to this 
analysis. Not all factors that  may modify theophyllifie disposition were 
included. For example, marked dietary changes (56,57), respiratory viral 
infections (581, and immaturity (74,75) have been identified as affecting 
theophylline biotransformation and were not included. The ClT may 
change with clinical status (67), possibly increasing with resolution of 
acute bronchial obstruction; our data usually represented only one to 
three 24-hr periods (typically at the onset of therapy). 


Some diseases that may affect theophylline biotransformation such 
as thyroid disorders, which were sought, were not encountered frequently 
enough to be included in the current qnalysis. Genetic determinants of 
theophylline disposition (race, twin, or family data) were neither obtained 
nor considered, partly because of the predominance of Caucasian subjects 
and partly because genetic data are not likely to be available in newly 
admitted patients in a manner useful for drug metabolism rate estima- 
tion. Finally, the possibility of dose dependence or nonlinearity in 
theophylline pharmacokinetics could not be tested (76-78). This aspect 
of theophylline disposition requires administration of at  least two dosage 
levels in a subset of patients. These inaccuracies, coupled with the ana- 
lytical and curve-fitting errors associated with estimating the ClT values 
and the qualitative nature of mast of the factor or disease categories, 
contribute to  the large variances remaining in the metabolic cascade. 


If a correlation is made between the 16 peripheral group mean values 
(using the outer cells as “predicted” clearances) and the individual 
clearances for the 200 subjects, the resulting correlation coefficient is 
0.720. Thus, 51.8% (r2 X 100) of the variance in the data is accounted for. 
An enlargement of the number of factors, subgroups, and patients, more 
precise C/T values, and better linear quantitation of the factor subgroups 
would be required to improve this analysis. However, even this degree 
of predictability should be helpful for clinical purposes where dosage 
regimens must be devised to fit a wide therapeutic range (8-20 mg/liter) 
rather than to attain a specific serum concentration (65). 


The factors identified as important in theophylline body clearances 
are associations found by retrospective statistical analysis which need 
not imply a cause-and-effect relationship, especially where a patho- 
physiologic or drug interaction rationale does not exist. Often these 
factors need further confirmation by prospective examination of cohorts 
of subjects with the disease or history in question. This approach may 
be almost impossible for many uncommon factors under the restrictions 
that the subjects also be patients with pulmonary dysfunction undergoing 
therapy with theophylline. However, several of the isolated determinants 
of theophylline disposition-youth (7), tobacco use (14). marijuana (17), 
cirrhosis (19), congestive heart failure (65). and barbiturate use (36)- 
have already evolved, and the NYBAID program recovered these factors 
in a realistic configuration in spite of the confounding effect of being 
merged with an  array of additional data and variables. This analysis 
confirmed the role of these effects in actual patients, and this observation 
lends greater credibility to the new associations that emerged on evalu- 
ation of theophylline clearances. 


Dosage Guidelines-The NYBAID computer program is generally 
available as a library program. This facilitates its use by other investi- 
gators, although it has had little use in the biomedical sciences to date. 
The grouping of patient variables affecting theophylline CIT by the 
NYBAID analysis is both attractive and practical. The results of the 
statistical analysis are provided in a format (Fig. 2) directly useful to any 
practicing clinician since it does not require access to a computer. We only 
included factors known or presumed to affect the biotransformation of 
theophylline or other durgs and that could be assessed easily and rapidly 
from most patients. 


Figure 2 can be greatly simplified and adapted for use as a dosing no- 
mogram by clinicians who need only to assign patients to the proper CIT 
categories and aim for an appropriate steady-state serum concentration. 
The theophylline maintenance dose can be obtained using Eq. 1 with a 
target serum concentration of 14 mgfliter (6,12): 


D/T (mg/hr) = [ClT (ml/hr/kg)][IBW (kg)][0.014 (mg/ml)] 
(Eq. 4) 


where IBW is the lean body weight. If a loading dose is desired, i t  should 
be the commonly recommended dose of 5.6 mg of aminophylline/kg (or 
4.8 mg of theophylline/kg) administered orally or intravenously over a 
20-min interval (78). 


Employment of Fig. 2 in construction of a dosing nomogram should 
be with the reservations that most cells contain appreciable variance, that 
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many of the drug/disease/history/physiologic associations remain to be 
proven in a prospective clinical trial, and that many potential factors 
affecting theophylline disposition remain to be added to the metabolic 
cascade as described in the previous section. 


Pharmacokinetic Monitoring-The advantage of the NYBAID 
analysis in clinical pharmacokinetics is the ability to examine the inter- 
relationships between patient variables commonly expected to affect the 
drug biotransformation rate in patients undergoing medical therapy. 
Pharmacokinetic guidelines for drug therapy are often based on studies 
in reasonably normal subjects which may only approximate the dosage 
needs of distressed patihnts.. Most studies of factors altering drug me- 
tabolism take place under ideal conditions in groups of subjects who are 
preselected on the basis of having a specific disease. Medical patients, 
on the other hand, are encountered with a variety of pathophysiologic 
problems, their drug and environmental histories are highly diversified, 
and any expectations of biotransformation rates have been fraught with 
considerable uncertainty. 


This study demonstrates one approach to resolving several clinical 
pharmacokinetic problems simultaneously. Serum concentration mon- 
itoring aids in managing the immediate therapeutic needs of the patient, 
the appropriate timing in blood specimen collection assists in anticipating 
the pharmacokinetic behavior of the drug, and the retrospective corre- 
lation of a riasonable array of patient variables with the pharmacokinetics 
confirms or enlarges the knowledge of factors determining drug dispo- 
sition rates while providing guidelines for future clinical drug use. 
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Abstract Twenty-seven N-benzoyl derivatives of amino acids and 
amino acid analogs were prepared and tested for growth-inhibitory ac- 
tivity in a microbial antitumor screen. Of these, 19 showed some inhibi- 
tory capacity, from a modest 13% to a potent 96% at 1 mg/ml. The ac- 
t ivities of the "modest" inhibitors were comparable to those of most in- 
hibi tory chloroacetyl and trifluoroacetyl derivatives reported earlier. The 
intermediate inhibitors were as active as N-chloroacetyl-P-hydroxy-D- 
norleucine isomer B, the most active acyl derivative noted previously. 
The most active compounds in this study were N-benzoyl-p-chloro- 
1)L-phCnylalanine and N-benzoyl-m-fluoro-DL-phenylalanine, which 
inhibited the test organism almost completely under the assay condi- 
tions. 


Keyphrases N-Benzoyl amino acid derivatives-antineoplastic ac- 
tivity, potential, inhibition of microbial antitumor screen, structure- 
activity relationships 0 Amino acid'derivatives-N-benzoyl, potential 
antineoplastic activity, inhibition of microbial antitumor screen, struc- 
ture-activity relationships 0 Antineoplastic agents, potential-N- 
1)rnzc)yl amino acid derivatives, inhibition of microbial antitumor screen, 
structure-activity relationships 0 Structure-activity relationships- 
N-benzoyl amino acid derivatives, inhibition of microbial antitumor 
screen 


Studies of possible antimetabolic effects of novel P-hy- 
droxyamino acids produced evidence that an otherwise 
inert amino acid could, upon N-chloroacetylation, actively 
inhibit growth of a microbial antitumor screen (1). This 
study was extended to include the N-chloroacetyl (2) as 
well as the N-acetyl(2), N-propionyl (2), and N-trifluo- 
roacetyl(3) derivatives of other amino acids, both natural 
and unnatural. Both the amino acid and the N-acyl 
moieties of the acyl amino acid were important in im- 
parting the growth-inhibitory characteristic to  the com- 
pound, since only certain amino acids and certain acyl 
groups were capable of doing so (2). 


One deterrent to using amino acid analogs as antime- 
tabolites in mammalian systems is their high toxicity (4-7). 
In view of the finding that there is an alteration in bio- 
logical properties, especially cytotoxicity, upon N-acyla- 
tion (2), more potent inhibitors might be prepared by at- 
tachment of acyl groups other than those studied previ- 
ously. Since a more lipophilic acyl group might increase the 
mobility of these compounds in a lipoid milieu such as the 
cellular membranes in mammalian systems, a benzoyl 
derivative series was prepared. These compounds were 
tested for growth inhibition in a microbial system selected 
specifically as an antitumor screen. Although the ultimate 
objective of these studies is to find compounds for cancer 
therapy, the immediate aim has been to improve the 
growth-inhibitory properties of the compounds in the 
screen described earlier. 


The present paper reports the results of these studies. 


EXPERIMENTAL 
The free amino acids except the @-hydroxynorleucines, which were 


prepared in this laboratory (8,9), were obtained commercially and were 
recrystallized from water-ethanol before use. Some N-benzoyl derivatives 
were obtained commercially and were recrystallized from ethanol-water 
I)et'ore use. Others, especially those of amino acid analogs, were prepared 
I)y the Schotten-Baumann procedure (10) and were recrystallized from 
ethanol or ethanol-water. The sources of the amino acids and of the 
I)enzoyl derivatives are shown in Table I. 


The purity of the amino acids and of the benzoyl derivatives was as- 
certained by: ( a )  Van Slyke nitrous acid determination of primary amino 
nitrogen ( l l ) ,  ( b )  optical rotation measurement, where applicable, and 
( c )  elemental analysis. In addition, the purity of the free amino acids was 
checked by paper chromatography in at least four different solvent sys- 
tems (8), and that of the benzoyl derivatives was checked by melting- 
point determination (Table I). 
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Abstract  0 A multicompartment pharmacokinetic model is presented 
to describe procaine distribution in humans during and following intra- 
venous infusion. The model, based on a general perfusion model, relates 
individual characteristics such as sex, age, weight, height, infusion rate 
and duration, and hematocrit to general parameters such as drug me- 
taholism, protein binding, ion-trapping eft'ects, and tissue-plasma dis- 
tribution coefficients to provide an individualized distribution prediction. 
Experimentally observed kinetics of blood procaine levels collected 
during intravenous procaine infusion as an adjunct to surgical anesthesia 
and blood lidocaine levels obtained from the literature compared very 
well with the model simulation. 


Keyphrases 0 Pharmacokinetics-procaine in humans, intravenous 
infusion, drug interactions Procaine-pharmacokinetics, intravenous 
infusion, humans, drug interactions 0 Local anesthetics-procaine, 
pharmacokinetics, intravenous infusion, humans, drug interactions 0 
Mtdels, pharmacokinetic-procaine, intravenous infusion, humans, drug 
interactions 


Local anesthetics are given intravenously for various 
clinical purposes. Intravenous procaine is now being 
studied as a supplement or adjunct to general anesthesia, 
whereas in the past it has been used for local anesthesia, 
for intravenous regional anesthesia, and in cardiac ar- 
rhythmia treatment. 


In these clinical applications, there are potential dangers 
to the patient such as cardiovascular depression and cen- 
tral nervous system toxicity. The ability to predict drug 
concentrations in various body organs as the result of in- 
travenous infusion rates could aid the clinician's choice of 
an infusion rate and thereby offer additional safety in drug 
administration. Additionally, the clinical application of 
intravenous local anesthetics is usually simultaneous with 
the application of other drugs. Therefore, a potential for 
interaction between the various drugs exists. These in- 
teractions can change significantly the degree of phar- 
macological action expressed by the drugs individually. 


This project was undertaken in order to describe and 
simulate the pharmacokinetics of intravenous procaine 
used as an adjuvant drug for surgical anesthesia. 


BACKGROUND 


In traditional pharmacokinetic studies, the drug concentration in the 
l)lood is used as an index because the clinical sampling procedure for 
Mood is easier and more convenient than the sampling of other tissues 
and tluids. The traditional pharmacokinetic approach (1-3) is to correlate 
the drug concentration in blood data by using one or several exponential 
terms, with each exponential term representing a compartment, to de- 
scribe the data. The distribution volumes, rate constant, etc., in the 
pharmacokinetic model are determined from the parameters of the ex- 
ponential equation describing the drug concentration in blood (4). 


The traditional approach utilizing the pharmacokinetic distribution 
I)ased on these data alone may not provide sufficient information for 
adequate therapy when such drugs as ultrashort-acting harbiturates, 
some cardiovascular drugs, especially cancer chemotherapeutic agents, 
and local anesthetics are employed. An additional knowledge of the drug 
distribution in various organs and tissues as well as in the blood may he 


necessary to provide optimal drug concentrations in areas targeted for 
treatment without undue risk. 


Previous investigators (5-7) developed an entirely different approach 
to pharmacokinetic modeling to make a priori prediction of drug dis- 
tributions in the body. Included were parameters such as blood flow rates, 
lipid solubility, protein binding, and metabolism based on in uitro studies 
of well-documented physiological parameters. The model described here 
is an extension of this perfusion model approach with additional pa- 
rameters that improve the scaling to different body sizes based on fat-free 
proportions as well as account for erythrocyte ion trapping. 


EXPERIMENTAL 


Arterial blood samples were collected from human volunteers under- 
going intravenous procaine infusion as an adjuvant to surgical anesthesia 
along with thiamylal and nitrous oxide. These samples were collected 
hefore, during, and after the infusion. An inhibitor of plasma butyryl- 
cholinesterase (pseudwholinesterase) was added to preserve the procaine 
tor analysis. A flame-ionization GLC technique (8) was used to determine 
the blood concentrations. Additional parameters such as age, weight, 
height, sex, hematocrit, and other drugs administered were collected for 
use in the simulation. The exact infusion rates and duration were de- 
termined also. 


THEORETICAL 
The model can be thought of as an interactive blood-drug-tissue 


system. T o  describe such a system, previous investigators (5-7) used a 
four-compartment model with the body divided into the blood pool, the 
viscera, the lean tissue, and the adipose tissue. They utilized this scheme 
to  describe the pharmacokinetics of several drugs such as thiopental and 
tnethotrexate. 


This study of clinical intravenous procaine use focuses on the drug 
concentration in the brain because of anesthetic and potential convulsive 
eft'ects. The blocd pool was divided into separate arterial and venous pcds 
with a lung compartment added to provide a mixing and time delay be- 
tween the arterial and venous pools since procaine is hydrolyzed very 
rapidly by the plasma cholinesterases. Additional compartments were 
added to describe procaine metabolism in the liver and the ion-trapping 
effect due to the lower pH within the GI tract. The model (Fig. 1) contains 
nine compartments and adequately describes intravenous procaine 
pharmacokinetics, although consideration could he given to separating 
the blood from tissue for the highly perfused organs due to borderline 
adherence to the basic assumption of instantaneous mixing or flow- 
limitation of the system. 


Each compartment equation describes a material (drug mass) balance 
hetween the incoming and outgoing drug rates. For example, hlood 
tlowing into a compartment transports an amount of drug a t  an incoming 
rate equal to the volume flow times the total concentration. Summation 
of  all incoming and outgoing rates yields a net accumulation rate within 
the compartment. The free (unbound) concentration of drug leaving a 
compartment is assumed to equal (is in equilibrium with) the free con- 
centration within that compartment. 


This assumption may not be valid for a compartment that is a combi- 
nation of hlood and tissue and is highly perfused (such as viscera). If the 
drug does not diffuse into and out of the tissue at a rate faster than the 
transport by blood flow, the assumption also is not correct. Hence, the 
viscera might be described more accurately as a viscera tissue compart- 
ment and a viscera blood compartment. Furthermore, an equation 
(statement of material halance) written for one compartment contains 
concentration values from other compartments and, therefore, all com- 
partment equations are interdependent (as are the body functions they 
describe) and must he solved together. 


The venous blood pool compartment is given first, and the terms are 
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4 Adipas 


clucidated for better understanding of the entire model before stating 
the other compartment equations. 


dCvb 
TRAPC(HMT)VvbFw. ,  % t (1 - H M T ) V V b F W , P / d t  


Venous Blood Compartment I- 


4 


+ (1 - HMT)(Fw,P/CHR + CM.p/Xmb)]  + QLj[TRAPC(HMT)Fw.,Cj,j 
+ (1 - HMT)(FW.ptCLj + CY.P/XLjb)] + Qvj lTRAPC(HMT)Fw,eCvj  
+ (1  - HMT)(Fw,plCvj + Cw.ptxvjb)]  t QLE[TRAPC(HMT)Fw.rCj,E 
+ (1 - H M T W W ~ I C L E  + CY,P/XLEb)] + QAD[TRAPC(HMT)FW,,CAD 
+ (1  - HMT)(FW.P[CAD t C M , P I X A L I ~ ) ]  - Q[TRAPC(HMT)Fw,eCvh 


+ (1 - HMT)(Fw,prCvb + CM,P/XVh)] - (1 - HMT)VvbRMET,b 
+ Q j N d B W T )  (Eq. 1) 


Ci = free (unbound concentration in compartment i) water 


Vb = venous blood 
LE = lean 
A D  = adipose 
VI = viscera 


RR = brain 
A6 = arterial blood 
LI = liver 


LG = lung 


where: 


(micromoles per liter) 


e = erythrocyte 
PI = plasma 
Q = blood flow rate (liters per minute) 
V = volume of the compartment (liters) 


H M T  = hematocrit of erythrocyte (fraction) 
C ~ , p l  = effective plasma binding protein concentration (kilograms 


Fw.z = fraction water in compartment Z 
per liter) 


X = bound concentration (micromoles per kilogram of pro- 


R M E T . ~  = metabolism [hydrolysis rate, micromoles per liter 


Q,NF = infusion rate [micromoles per kilogram (body)-minutes] 
R W T  = body mass (kilograms) 


TRAPC = ion-trapping constant 


Since a compartment contains “free” and “bound” concentrations of 
drug, summation of these concentrations gives the total concentration. 
In general, the free drug is assumed to he in the water phase of the com- 
partment, and the bound drug exists in physical attachment to protein 
or large macromolecules. However, not all protein is effective or available 


tein) 


(plasma)-minutes] 


for binding. Therefore, an effective protein concentration as described 
previously (9) is used to determine the bound drug concentration. The 
total concentration for a compartment is described as: 


Ctot = Fw.& + CM,ZX (Eq. 2) 


where: 


CtOt = total concentration (micromoles per liter) 
C = free concentration (micromoles per liter) 
X = bound concentration (micromoles per liter) 


Fw,z = fraction water ( W )  in region 2 
CM,Z = effective protein macromolecule ( M )  concentrations (kilo- 


For the venous plasma pool, the total plasma drug concentration is of the 
form: 


CPl = FW.PICVb + CM,PIXVb (Eq. 3) 


However, for total blood, the amount sequestered within the erythrocytes 
must he included (10). Due to the erythrocyte ion-trapping effect at a 
slightly lower intracellular pH (erythrocyte water, pH 7.26) as opposed 
to extracellular medium pH (plasma water, pH 7.40), the concentration 
ratio can be calculated as: 


grams of protein per liter) 


(Eq. 4) 


where: 


C = free concentration (micromoles per liter) 
pKa = negative logarithm of  acid dissociation constant 


e W = erythrocyte water 
P W  = plasma water 


= 8.92 (procaine base) 


The calculation yields a concentration ratio, C,wlCpw = 1.37. However, 
a study (11) of procaine uptake in human platelets, although they are 
smaller than erythrocytes, showed that the highest concentration ratio 
occurred at  pH 7.4 with Cmdium = 100 mghiter and was 2.85 f 0.78. High 
uptake also was found (12) for several anilide-type local anesthetics. 
Therefore, it could be concluded that binding was present, but no de- 
finitive binding relationship was noted other than a dependence on pH. 
Hence, in this work, the concentration ratio is only calculated from the 
ion-trapping effects as per Eq. 4. Additionally, since no difference in 
uptake was reported (12) from 5 min to 24 hr, a rapid establishment of 
equilibrium may be assumed. 


The drug concentration in erythrocytes as a fraction of blood is de- 
termined from the hematocrit ( H , M T ) ,  the erythrocyte water fraction 
(Fw.,), the trapping ratio ( T R A P C ) ,  and the plasma water concentration. 
Combination of the erythrocyte concentration with the total plasma 
concentration gives the total blood concentration: 


C,.VH = TRAPC(HMT)Fw,, .Cvh 
+ (1 - HMT)(Fw.rJrCvh + CM,P/Xvb)  0%. 5) 


The protein or macromolecular drug hinding has a major influence on 
the concentration relationship (12, 13). The general form for the rela- 
tionship is: 


n N,K,C  r = x -  
, = I  1 t K , C  


(Eq. 6) 


where: 


r = moles of bound drug per mole of protein macromolecule (moles 


N ,  = average number of type i binding sites per protein macromolecule 


K ,  = intrinsic association constant of type i hinding site (liters per 


A hound concentration of micromoles bound per kilogram of macro- 
molecule is used instead of a mole per mole basis, and the general form 
ol the relationship can he simplified to only one binding site. There- 
lore: 


per mole of protein) 


(moles per mole of protein) 


mole) 


where: 


X = hound concentration (micromoles per kilogram) 
(’ = lree concentration (micromoles per liter) 


(Eq. 7) 
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R = binding site constant (micromoles per kilogram) 
K = intrinsic association constant (liters per micromole) 


This relationship is sufficient in the presence of a single drug. The 
presence of two or more drugs may cause competition for a binding site, 
and the equation describing the binding relationship must take this 
competitive binding into account (14). The following describes the 
competition between two drugs for a single site on the protein com- 


P + C S P C  


Scheme I 


plex: 
K I  


KP 


K3 


K4 
P t D t - . P D  


Scheme I1 


and: 


(Eq. 8a) 


(Eq. 86) 


action are almost identical to those for protein binding, differing only 
in the final form of the equation. The Michaelis-Menten equation he- 
comes: 


(Eq. 13) 


where: 


I = free inhibitor concentration (micromoles per liter) 
KI = K ,  value or half maximal I concentration (micromoles per 


liter) 


Obviously, the inhibitor increases the value of (:haif. 
Calculation of the final reaction rate requires estimation of the drug 


I concentration, which in this case is succinylcholine (suxamethonium) 
(17). Since succinylcholine is very water soluble and sparingly soluble 
in organic media, it will he assumed that the distrihution volume is ap- 
proximately equal to the extracellular fluid volume. If the intravenously 
administered dose is eliminated solely hy its reaction with plasma cho- 
linesterase, the succinylcholine concentration can be estimated as fi& 
lows: 


(Eq. 14) 


where: ('SD = free concentration of succinylcholine (micromoles per 


V S f )  = maximum reaction rate [micromoles per liter (plasma)- 
liter) 


minutes1 
&, = binding site constant for drug C (micromoles per kilogram) 
K( .  = intrinsic association constant for drufi C (liters per micro- 


mole) ( ' K S I )  = K, value for succinylcholine (micromoles per liter) 
C = free drug C concentration (micromoles per liter) 
1)  = free inhibitor drug D concentration (micromoles per liter) 


VEX = extracellular fluid volume (liters) 
V h  = blood volume (liters) 


The use of the binding equation requires an estimation of the inhihitor 
drug concentration. A one-compartment model approximation uia ex- 
ponential decay of the initial concentration may he sufficient if the in- 
hi\)itor drug has a half-life much longer than the drug of interest. In this 
case, the inhihitor drug concentration changes relatively slowly and can 
he assumed to act in one compartment uniformly throughout the body. 
Hence, thiamylal, an ultrashort-acting harbiturate having a half-life of 
a t  least 2 hr, which is much longer (-20 times) than that o f  procaine, was 
handled as a one-compartment drug in this study. In the clinical situation 
heing simulated, thiamylal i? given several minutes hefore procaine so 
the equation describing the thiamylal concentration would be: 


(Eq. 11) 


where: 


('1/, = thiamylal concentration (micromoles per liter) 
C r h , #  = D 1 h / V l h  = initial concentration 
r)O, = dose (micromoles per kilogram) 
v l h  = volume of distribution (liters per kilogram) 
?'D = time delay between thiamylal and procaine administration 


Another important function of the tilood pool with regard to procaine 
is the metabolism oia circulating enzymes, procainesterases (assumed 
to be plasma cholinesterases). The reaction rate has been well investigated 
(15- I T )  and is suited to description by the Michaelis-Menten-type 
equation of the form: 


where: 


(Eq. 12) 


H M T  = hematocrit 
C = free procaine concentration (micromoles per liter) 


C'h.1, = K, value for procaine (micromoles per liter) 
dose = intravenous succinylcholine dose (micromoles) 


?' = time (minutes) 


Essentially, the complexity of this model is exhibited in the blood 
equation. However, the various tissue compartments must be described 
with particular emphasis on the tissue macromolecular drug binding. 
Since no literature description of n relationship as a function of free 
concentration is available for  tissue, the plasma binding relationship 
parameter was assumed to be valid. It remained to determine the effective 
h u e  macromolecule concentration. Values for the partitioning of drug 
into tissue from plasma are available (10, 19-21). A tissue-plasma par- 
t ition ratio can be calculated for brain, as an example, as follows: 


The unknown value of CM.RR~ (effective macromolecule concentration 
in brain tissue) can be determined since Fw,nHl is available from the lit- 
erature and the other terms have been previously determined. A slightly 
different approach to the formulation is needed to handle adipose tissue 
where the fatty tissue concentration may he approximated by using a 
Henry's law relationship (21): 


where R A ~ , ~  is Henry's law constant for procaine. Hence, the partition 
equation becomes: 


R M ~ ; T  = reaction rate Imicromoles per liter (plasmabminutesl Even if B A ~ ~  is not known, the combination CMM.AdtRnDr is sufficient for 
the descriptive equation since X A L ) ~  in the plasma is calculated from Eq. 
10. Now the other compartments can be expressed quantitatively. 


V,,, = maximum reaction rate (micromoles per liter-minutes) 
('half = free drug concentration (micromoles per liter) 


Lean: Compartment 2- As with protein binding competition, it is necessary to account for the 
inhihition or competitive effect ot other drugs, particularly in the clinical 
setting where many drugs are administered concurrently. I n  this work, 
one such drug of special significance is succinylcholine, a muscle relaxant, 
which is metabolized by the plasma cholinesterases (18). The derivation 
and design of the competitive inhihition phenomena for a chemical re- 


dC1.b: d C L E  
" ' I I A P C ( H M T ) V l , E b F W . e  dt + (1 - f f M T ) V / , E b F w . P I  7 


dC1.E + V L E r F w . I , E i  7 d X L E b  + (1 - H M T )  VI,EbCM,PI  7 
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Table I-Model Parameters  for  Standard 70-kg Man a 


Compartment 
Parameter Arterial Hlood Venous Blood Brain Viscera Liver Lean GI Tract Adipose Luna 


Tissue volume, liters - _ -  1.50 0.64 1.50 3.92 1.50 12.2 0.60 
Flow rate, l i tershin 5.54 5.54 0.76 1.66 1.58 1.28 1.20 0.26 5.54 
Fraction water 0.714 0.94 0.76 0.78 0.73 0.77 0.74 0.19 0.90 
Hlood volume, liters 0.58 1.16 0.47 1.05 0.37 0.52 1.05 0.16 0.46 


= QAu[TRAPC(HMT)Fw.,Cvb + (1  - HMT)(Fw.p/CVb 
( . 'h f ,P /xVb)  - THAPC(HMT)Fw,,CAi) 


f (1  - HMT)(Fw,ivCAii + CM.P/XAiih ) I  
- (1 - HMT)VAnbRMb?r.Ai)b (Eq. 19) 


Hecause of the highly perfused nature of the brain, heart, and kidneys 
iis well as some other organs, the assumption that mass transfer with each 
compartment is flow limited, i.e., a t  the normal blood flow rate, incoming 
drug is instantly mixed with surrounding tissue and the outgoing free drug 
concentration is equal to the total compartment free concentration, 
should be considered. For high lipid-soluble drugs, this assumption is 
val id; but for less soluble ones, it is not. This subject is treated thoroughly 
i n  the literature (5-7). 


Instead of a transfer coefficient equal to infinity, a transfer value for 
procaine equal to the flow rate of the compartment could be used for lack 
of a more exact determination. It is significant to account for this phe- 
nomenon since the rate of procaine appearance into cerebrospinal fluid 
is less than the ratio of blood flow to tissue volume (19). Conversely, in 
the lean and adipose compartments, the flow to volume ratio is much less 
than the transfer rate into tissue, and the uniformity is still assumed to 
be valid. 


The viscera, brain, liver, GI tract, and lung compartments could be 
described with plasma and tissue separated, where the transfer between 
plasma and tissue is dependent on the free concentration difference. 
However, the following description ignores the finite plasma-tissue 
t r a d e r  and combines plasma and tissue into one compartment for 
simplicity. 


Viscera: Compartment 4- 


where RC is the renal clearance rate (liters per minute). 
Brain: Compartment 5- 
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Figure 2--Mode/ predictions of plasma procaine concmtrations versus 
experimcntal rrsults [or a [emalr (age 34. uvight 58.7 kg, height 177.8 
cm. and hernatocrit 35.0) w i t h  infusion rates and duration as shown. 


function of age, sex, height, and weight. This value was estimated by 
calculating the body surface area as: 


S = 0.007184 (Wtn.425)(Ht0.725) (Eq. 26) 


where Wt is weight (kilograms) and H t  is height (centimeters). Then, 
based on the tables relating age, surface area, and basal energy metabo- 
lism (22),  for males 18-25 years: 


BEM = [40.5 - (age - 18) X 0.3](S)/60 (Eq. 27a) 


for males over 25 years: 
BEM = 138.4 - (age - 25) X O.ll](S)/SO (Eq. 276) 


for females 20-40 years: 


BEM = [35.3 - (age - 20) X O.O5](S)/SO (Eq. 27c) 


and for females over 40 years: 


BEM = 134.3 - (age - 40) X O.lOJ(S)/SO (Eq. 27d) 


The  fraction fat can be estimated from the tables (22) by: 


FRFAT = 1.04 + 0.4 (Wt - 50)/30 - BEM (Eq. 28) 


Since the standard 70-kg man is considered to contain approximately 
17.470 fat, the anatomical scaling was based on the body weight minus 
the fat contents by: 


ANA = Wt(1 - k'RFAT)/57.8 (Eq. 29) 


where ANA is the scale factor. 


RESULTS AND DISCUSSION 


Analytical solution of the simultaneous differential equations was not 
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Figure 3-Model predictions of plasma procaine concentrations versus 
experimental rrsults for a female (age 24. weight 65 kg, height 165 cm, 
and hcmatocrit 36 8 )  with infusion rates and duration as shown. 


I'easible because of the nonlinearities caused by the binding terms. 
Therefore, the equations were solved by the fourth-order Runge-Kutta 
numerical method. The model stability was tested by comparing the 
numerical results from the standard values in Tables I and I1 with those 
from variations of the standard value for each of the following parame- 
ters: 


1. f 10% variation of the volume of any body region 
2. f10% variation of the volume and the blood flow rate of any body 


3. f10% variation of the water volume fraction of any body region 
4. 610% variation of the lipid solubility constant, R A T  
5. f10% of'the binding constant, R 
6. f 10% of the metabolism constants, VsD and Chalf 
7. f10% variation of the effective binding macromolecule concen- 


tration of any body region 
Figures 2 and 3 compare the model simulation with experimental 


values for two cases with a wide variation of physiological parameters as 
well as different infusion rates. The model was designed to account for 
both variations in the infusion rate and interruptions in the infusion 
continuity. This flexibility permitted a close simulation of the actual 
clinical application of the procaine infusion. As shown in the figures, due 
to rapid procaine hydrolysis in the blood, the rapid decline in concen- 
tration resulting from very short interruptions in the infusion can be very 
pronounced and will result in a substantial error in the simulated pre- 
diction of the concentration if it is not accounted for in the model de- 
sign. 


Figure 2 shows the experimental kinetic data of plasma procaine levels 
(symbol) and the model-predicted kinetics (solid line) for a 1.5-mg/ 
kg/min intravenous infusion in a female. The results are in agreement 
within the range of measurement accuracy of the experimental data. 
Similar results are shown in Fig. 3 for a varied infusion rate in a fe- 
male. 


Figure 4 demonstrates the predicted procaine concentrations in the 


region 
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Figure %Model predictions of ptasma lidocaine concentrations versus 
literature values (12).  


Table 11-Binding and Metabolism Parameters  


Parameter Procaine Lidocaine" 


Effective binding macromolecule 
concentration, kg/liter 


Brain 
Plasma 
Liver 
GI  tract 
Viscera 
Lean 
Lung 
Adipose 


Binding site constants, 


Intrinsic association constant, 


f$d solubility constant 
Maximum reaction rate, 


Free concentration reaction rate, 


Renal clearance. l i t edmin  


Binding factors 


moleslli ter 


l i tedpmole 


pmoles/liter (plasma)-min 


pmoles/liter 


0.00079* 
0.0O094Sb 
0.0115b 
0.014Zh 
0.0115h 
0.00167b 
0.00238* 
0.01 


0.001 35 
0.000945 
0.000485 
0.00319 
0.00233 
0.00052 
0.00418 
0.0481 


29,500.0' 2837 1 .O 


0.003 14' 0.101 


8.92' 7.86 
12.0' 100.0 
70.0d 0.0 


28.0d 6.0 


0.2 0.1 
~ ~~~~~ 


0 Calculated based on Hels. 12 and '23. Calculated based on Ref: 19. Cafculated 
1)ased on Rel's. 1:1 and 23. 


various body regions for an infusion rate of 1.05 mg/kg/min. Since it was 
not possible to analyze samples from body regions other than the blood 
compartments, the basic model was further tested using literature data 
ior lidtxaine infusions (1,20). With the appropriate lidocaine parameters 
(Table II) ,  several simulations were made (one is shown in Fig. 5). The 
results of the simulation kinetics and the experimental kinetics are very 
similar and thus indicate the accuracy of the basic model. 


Calculated based on Hel. 16. 


CONCLUSIONS 


Knowledge of the kinetic behavior of a drug in blood or plasma may 
not provide sufficient information for appropriate therapy; additional 
kinetic information of drug levels in specific organs, tissues, or body re- 
gions may be required for the development of improved dosage regimens. 
The pharmacokinetic model presented can predict detailed distribution 
in humans of intravenous infusion of local anesthetics, procaine and 
lidocaine, nat only in blood or plasma but also in brain, liver, and other 
t.issues or body regions. 


Based on a general perfusion model, this model relates individual 
characteristics such as sex, age, weight, height, infusion rate, and he- 
matocrit to general parameters such as metabolism, protein binding, 
ion-trapping effects, and tissue-plasma distribution coefficients to 
provide an individualized distribution prediction. Since each equation 
(compartment) in the system contains terms (concentrations) from other 
compartments and, therefore, all equations are interdependent, changes 
in any compartment influence the other compartments. This feature of 
the model has an  important application in clinical pharmacokinetics. 


Experimentally observed kinetics of blood procaine levels collected 
during procaine intravenous infusion as an adjunct to surgical anesthesia 
and blocd levels of lidocaine obtained from the literature compared very 
well with the model simulation. While it was not possible in this study 
to collect experimental data in any organs or tissues other than the blood 
to support the predicted drug level, information from the literature de- 
rived from animal studies of tissue levels tends to verify the accuracy of 
the model. Until appropriate data for procaine concentrations are 
available for comparison with the predicted values, the predictions must 
be considered only to offer an approximation of what the physiological 
and pharmacological parameters indicate should occur. However, one 
application of this model is the comparison of drug levels obtained within 
a body region as a result of different infusion conditions such as rate 
changes, addition of thiamylal or succinylcholine, and variations in me- 
tabolism without the potential drastic effects an individual might ex- 
perience under the same conditions. As more conditions are tested, the 
successful predictions should clarify the pharmacokinetics being de- 
scribed. 


REFERENCES 


(1) G. T. Tucker and R. A. Boas, Anesthesiology, 34,538 (1971). 
( 2 )  M. Ehrnebo, J. Pharm Sci.. 63,1114 (1974). 
( 3 )  D. D. Breimer, Rr. J .  Anaesth., 48.643 (1976). 


Journal of Pharmaceutical Sciences 1 1021 
Vol. 68, No. 8, August 1979 







( 4 )  J. C. K. I ~ i o  and S. Riegelman, J .  Pharm. Sc i . .  59, 53 (1970). 
(5) K. H. Hischoff, R. L. Dedrick, I!. S. Zaharko, and .I. A. Imngstreth, 


( 6 )  K. H. Bischoff and R. 1,. Iledrick, ibid.. 57, 1346 (1968). 
(7) K. H. Bischoffand R. L. Dedrick, (’hem. Eng. f rog.  Symp. Scr., 


( 8 )  li .  H. Smith, M. A. Hrewster, J. A. MacI)onald, and D. S. 


(9) D. Shen and M. Gibaldi, J .  Pharm. S c i . ,  63, 1698 (1974). 


ibid., 60, 1128 (1971). 


64,92 (1968). 


Thompson, (’/in, Chem., 24, 1,599 (1978). 


(10) I,. S. Schanker, 1’. A. Nafpliotis, and .I. M. .Johnson, J .  Pharmacol. 


(1 1) H. M. Soloman and P. D. Xieve, ibid., 155,112 (1967). 
(12) G. 1’. Tucker, R. N. Boyes;P. 0. Bridenhough, and D. C. Moore, 


( 1 3 )  V .  S. Sawinski and G. W. fiapp, J .  Dental Rex .  42, 1429 


(14) A. Goldstein, Id. Aronaw, and S. M. Kalman, “The Basis of  


(1 5) H. H. Rrodie, P. A. Lief, and R. Poet, J .  Pharmncol. E x p .  Thcr., 


E x p .  Thcr.. 133,325 (1961). 


Anrsthrsiohgy, 33, 287 (1970). 


( 1963). 


Pharmacol(igy,” 2nd ed., Wiley, New York, N.Y. ,  1974. 


94,359 (1948). 
(16) W. Kalow, ibid., 104, I22  (1952). 
(17) N. Kvisselgaard and F. M(iya, Acta Anac’sth. S c a n d . ,  5,  1 


(1961). 
(18) I d .  H. Hersh, 1’. 1’. ltaj, and L). Ohlweiler, J .  f’harmacol. E X ~ J  


‘I‘hvr.. 1x9, 544 (1974). 
(19) . I .  E. Ilsuhiaga, F. Moya, .I. A. Wikinski, R. Wikinski, and 1,. E. 


Usubiaga, Hr. J .  Anacsth., 39, 943 (1967). 
(20) .I. B. Keenaghan and It. N. Hoyes, J .  Pharmacol. Exp .  Thm., 180, 


454 (1972). 
(21) .I. Huchi and X. l’erlia, “International Encyclopedia ot’ I’har- 


macology and Therapeutics," sect. 8, vol. 1, l’ergomon, Elmsford, N.Y., 
1971, chaps. 1.2.5.39. 


( 2 2 )  W. S. Spector, “Handhook of Biological Data,” Saunders, Phil- 
adelphia, Pa., 1956. 


(23) C. Sung and A. 1’. ‘I‘ruant, J .  I’hrmactrl. E x p .  7’hcr.. 112, 432 
(19.54). 


(24)  A. P. Truant and H. ‘I’akman, Ancsth. Anal . ,  34.478 (1959) 
1%) w. w .  Mapleson,J. App! fhysird., 18, 197 (l!%\l. 


Myoinositol Uptake by Rat Hepatocytes In Vitro 
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Abstract  Myoinositol uptake by rat hepatocytes in uitro was studied. 
Adult rat hepatocytes were prepared by digestion of the perfused liver 
with collagenase. Cell suspensions were incubated with tritium-laheled 
myoinositol in pH 7.4 Krehs bicarbonate solution containing 1% gelatin 
a t  37”. 14C-Carbon-laheled polyethylene glycol was used as a marker of 
adherent extracellular fluid volume. Myoinositol uptake was demon- 
strable after 5 min of incuhation, but no intracellular concentration in 
excess of that in the incubation medium was observed after 60 min of 
incubation. Uptake saturation over a wide myoinositol concentration 
range could not be demonstrated. Neither the omission of sodium ions 
nor the inclusion of ouabain suppressed the distribution ratio signifi- 
cantly. Metabolic inhibitors and lower temperatures also showed no ef- 
fect. Hexoses, phlorizin or mannitol, exerted no observable effect on 
myoinositol uptake. The results indicated that myoinositol uptake by 
rat hepatocytes is probably a passive process. 


Keyphrases 0 Myoinositol-uptake by hepatocytes, in uitro, rats, 
pharmacokinetics Hepatocytes-myoinositol uptake, pharmacoki- 
netics, in uitro, rats 0 Liver-myoinositol uptake, in uitro, pharmaco- 
kinetics, rats 


The liver plays a predominant role in lipid metabolism. 
Under normal conditions, the influx of nonesterified fatty 
acids into the liver from the serum is counterbalanced by 
the formation of lipoprotein, which is transported back to 
the blood. The whole process requires myoinositol. In 
myoinositol-deficient animals, fatty livers often can be 
observed since the rate of fatty acid transport to the liver 
from the adipose tissue exceeds the capacity of the liver 
to mobilize the lipid and to transport it back to  the plasma 
(1, 2). The administration of myoinositol to myoinositol- 
deficient animals often can alleviate the fatty liver con- 
dition. 


BACKGROUND 


Myoinositol has long been considered to be a lipotropic agent because 
of its ability to prevent and remove fat deposits in the liver (3,4). This 
lipotropic action is thought to be due to stimulation of hepatic transfer- 
able phosphatidylinositol synthesis. Once formed, the phosphorylated 


myoinositol can be utilized in P-lipoprotein production in the endo- 
plasmic reticulum. ‘The newly synthesized P-lipoprotein is transported 
from the liver to the blood (4). In addition, exogenous myoinositol inhihits 
any further deposition of either liver triglycerols or cholesterol and causes 
the removal of the lipids deposited during the myoinositol-deficiency 
period (5-7). 


Although there is much evidence that myoinositol is transported into 
the small intestine (8 ) ,  kidney (9-12). central nervous system (13-16), 
and crystalline lens (17-19) uia a specific carrier-mediated system, he- 
patic uptake of myoinositol has not been studied in spite of its well-known 
lipotropic activity. Hauser (1 1 ) reported that the radioactive myoinositol 
distrihution ratio in liver slices is less than one-half of the radioactivity 
in the incubation medium, while the hepatic myoinositol concentration 
in uiuo is similar to that of plasma; higher hepatic than blood myoinositol 
concentrations also were observed (20,21). 


In recent years, the use of isolated hepatocytes for various biochemical 
and pharmacological studies has gained wide acceptance (22). Studies 
with isolated liver cells can clarify certain molecular aspects of the 
transport system, such as binding and metabolism, while cellular integrity 
is maintained. 


The purpose of this study was to investigate hepatic myoinositol uptake 
using liver cells freshly isolated from normal adult rats. 


EXPERIMENTAL 


Male rats’, 200-300 g, were housed in groups in wire-bottomed cages 
in an air-conditioned room ( 2 3 O ) .  They received regular laboratory chow 
and water without restriction. 


The methods of liver perfusion and cell isolation were described pre- 
viously (23, 24). Cell viability was determined by the exclusion o f  0.26 
trypan blue from the cells and was frequently checkeJby incubating the 
cells with a-aminoisobutyric acid, which is actively accumulated by the 
hepatocytes (23). Cell pellets, following the final wash of the isolation 
procedure, were resuspended in 10 volumes of pH 7.4 Krebs-Ringer bi- 
carbonate buffer containing 1% gelatin. 


Uptake studies were performed by placing 5 ml of the final cell sus- 
pension (50-80 mg wet weight/ml of suspension) into 25-ml plastic er- 
lenmeyer flasks. Under control conditions, the cell suspensions contained 
a trace amount of [2-3H(N)I-myoinosito12 (3 jiCi/nmole/100 ml of sus- 
pension) with or without 0.1 pmole of nonlaheled myoinositol/ml. In 


1 Charles River Breeding Lahoratory. Wilmington, Mass 
2 New England Nuclear Corp., Boston, Mass. 
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Abstract 0 S-243- tert -.Butylamino-2- hydroxypropoxy)- 3-cyanopyri- 
dine was recovered (-90%) from human plasma and detected by con- 
version to a diheptafluorobutyryl derivative for electron-capture GLC. 
A homolog served as an internal standard. The method measures plasma 
drug concentrations at  the 5-ng/ml level and is suitable for plasma 
analysis from humans who receive a therapeutic oral dose. 


Keyphrases 0 S-243- tert - Butylamino-2 - hydroxypropoxy)- 3-cyano- 
pyridine-analysis, electron-capture GLC, diheptafluorobutyryl deriv- 
ative, human plasma, antihypertensives Antihypertensives-S-2- 
(3-tert-butylamino-2-hydroxypropoxy)-3-cyanopyridine, analysis, 
electron-capture GLC, human plasma GLC, electron capture-S-2- 
(3-tert-butylamino-2-hydroxypropoxy)-3-cyanopyridine, human 
plasma 


S-2-( 3- tert - Butylamino-2-hydroxypropoxy ) -3- cyano- 
pyridine (I) hydrochloride is a potent antihypertensive 
0-adrenoceptor antagonist with peripheral vasodilating 
activity'. It lowers arterial pressure in spontaneously hy- 
pertensive rats and in hypertensive humans. 


A sensitive and specific analytical method was required 
to measure I in human plasma. The use of electron-capture 
techniques to quantitate low drug levels in biological fluids 
was validated by many workers. A suitable derivatizing 
reagent sometimes must be used to impart electron-cap- 
turing properties to the assayed compound. Initial at- 
tempts a t  derivatization of I with either trifluoroacetic 
anhydride or pentafluoropropionic anhydride were un- 
successful because two products were formed. 


A trifluoroacetic anhydride-trimethylamine mixture 
was used successfully for propranolol analysis (1); however, 
when applied to the analysis of I, the resultant derivative 
was not endowed with sufficient electron-capturing 
properties. Heptafluorobutyrylimidazole (111) is a reagent 
used in the analysis of indolealkylamines (2-4) and timolol 
maleate, another &blocker (5). In the procedure reported 
here, I was extracted from plasma, derivatized to form the 


OH H CH3 


I 


I1 


1 Dr. C. S. Sweet, Merck Institute for Therapeutic Research, West Point, Pa., 
unpublished results. 


Table I-Reproducibility of the Electron-Capture GLC Assay 
for I 


1, Peak Height Ratio f SD 
ng/ml (I/II) (n = 3) 


100 1.08 f 0.11 
50 0.52 f 0.01 
25 0.31 f 0.01 
10 0.10 f 0.01 
5 0.055 f 0.005 


Table 11-Major Ions in  t h e  Mass Spectrum of I 
Diheptafluorobutyryl Derivative 


m/e Ion Fragment(s.1 Lost 


626 M - 15+ CH? 
506 M - 135+ 
371 M - 270+ 


diheptafluorobutyryl analog, and determined by elec- 
tron-capture GLC a t  concentrations as low as 5 ng/ml. 


EXPERIMENTAL 


Reagents-Hexane and toluene were nanograde quality. Ether (ab- 
solute) was ACS reagent grade. Compound 111 was obtained in 1-ml 
ampuls2. Compound I was used as the hydrochloride salt, and S-2-(3- 
isopropylamino-2-hydroxypropoxy)-3-cyanopyridine (11) served as the 
internal standard. All concentrations are expressed in terms of the free 
base. 


Apparatus-GLC analysis was performed using a gas chromatograph3 
equipped with a 63Ni-electron-capture detector (15 mCi) and a 122 X 
0.64-cm (4 f t  X 0.25 in.) column packed with 3% OV-1 on Gas Chrom Q4 
(60-80 mesh). The instrument was operated isothermally with the oven, 
detector, and injection port temperatures a t  180,300, and 250°, respec- 
tively. The carrier gas (5% methane in argon) flow rate was 78 ml/min. 
The pulse frequency was variable. Gas lines were fitted with filters con- 
taining molecular sieves (15 A). 


Procedure-Plasma, 1 ml, was mixed with I1 (50 p1 of a 1-pg/ml so- 
lution of 11 in water) and l N NaOH (0.2 ml) and was then shaken with 
toluene4her (4 ml of a 4 1  mixture) in a 13-ml glass-stoppered centrifuge 
tube for 10 min. After centrifugation, the organic layer was transferred 
as completely as possible to a 5-ml centrifuge tube containing 0.1 N HCl 
(0.3 ml). After being stoppered and shaken for 10 min, the tube contents 
were centrifuged, the organic layer was removed by aspiration, and the 
aqueous phase was mixed with 2 N NaOH (0.1 ml). Toluene-ether (1.5 
ml of a 4:l'mixture) was added, and the tube was shaken for 10 min. 


The organic phase was separated (after centrifugation), transferred 
to a 5-ml centrifuge tube, and evaporated under a nitrogen stream. 
Compound 111,25 pl, and hexane, 0.1 ml, were added to the residue. After 
heating a t  90-loOD for 1 hr, the tubes were allowed to cool, hexane (50 
pl) and 0.1 N HCI (0.1 ml) were added, and the contents were agitated 
for 30 sec. The top hexane layer was analyzed by GLC on a 3% OV-1 
column with electron-capture detection, using 1-pl aliquots/injection. 
The retention times of the derivatized internal standard and I were 4.8 
and 6.8 min, respectively. GLC-mass spectrometry showed that the ac- 
ylation products of these compounds are the diheptafluorobutyryl de- 


*Pierce Chemical Co. 
Hewlett-Packard model 5730A. 
Supelco. 
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Figure I -Gas-liquid chromatograms (electron-capture detector) of 
human plasma extracts. Left: 0-hr human plasma. Right: 50 ng of I 1  (as 
the diheptnf/rtorobutvr,~l dcriuatiue A )  and 50 ng of I (as the dihep- 
tafhorobutyryl deriuatiue R )  added to  1.0 ml of plasma. 


rivatives. A standard curve was constructed by analysis of control plasma 
samples containing known quantities of I and 11. 


Compound I in Human Plasma-Four normotensive human subjects 
each received a single 6-mg oral dose of 14CN-I. Blood was collected in 
heparinized containers a t  intervals during the first 24 hr following the 
dose, and the plasma was harvested and frozen until assayed. 


In a single-blind study, I was administered to five patients in a dosage 
range from 5 mg sid to 40 mg bid over a period ranging from several days 
to several weeks. On days when the daily dosage was increased, blood was 
drawn a t  0,1,2,4,8, and 12 hr; the plasma was harvested for subsequent 
analysis. 


RESULTS AND DISCUSSION 


There was a linear relationship between the GLC peak height ratio, 
i.~., 1 to 11, and the plasma I concentration over a range of 5 ng to several 
micrograms. The method reproducibility was determined by analyzing 
plasma samples ( 1  ml) containing I, e.g., 100, 50, 25, 10, and 5 ng/ml 
(Tahle I). To determine the recovery of I ,  the same procedure was used 
to extract I4CN-I from human plasma. At 50 and 100 ng/ml, the radio- 
activity recoveries were 89.6 f 4.1% ( n  = 3) and 88.4 f 7.2% ( n  = 3), re- 
spectively. There was no radioactivity loss when the samples were 
evaporated to dryness prior to derivatization. 


The reagent 111 was stored at  -20' and subsequently was thawed and 
mixed with hexane for the derivatization reaction, which yielded the 
dihrptafluorobutyryl derivative (Table I 1  and Fig. 1). Substitution of 
hexane with the more polar solvent ethyl acetate did not give satisfactory 
results, contrary to puhlished reports (5, 6). The derivatization had to 
lie performed a t  90-100'. although lower temperatures had been used 
(6) for a number of arnines. 


No  interference was produced hy plasma constituents. Occasionally, 
there was some day-to-day variation in the peak height ratio of1 and its 
annlog 11. However, the assay of' control samples at  different times during 
a day indicated no lluctuation of this ratio over 8 hr. 


Plasma I levels were measured in four humans who received an oral 
dose of I4CN-I (see Experimental). Initially, I levels were similar to 
plasma radioactivity levels when the latter were expressed as I nanogram 
equivalents. A maximum I concentration (16 f 2 ng/ml) was reached a t  


Table  111-Mean Plasma I Levels i n  Four  Normotensive Subjects 
a f t e r  a Single Oral  6-mg Dose of '4CN-I 8 


Plasma I f SD, ng/ml 
Hours after Radioactive 


Dose 


0.25 
0.5 
1 .o 
1.5 
2.0 
3.0 
4.0 
5.0 
6 .O 
7.0 
8.0 


12.0 
24.0 


Equivalents 


11 f 3 ( n  = 3) 
16 f 5 ( n  = 4) 
20 f 2 ( n  = 4) 
21 f 3 ( n  = 4) 
22 f 3 (n  = 4) 
22 f 4 ( n  = 4) 
19 f 3 ( n  = 4) 
18 f 3 ( n  = 4) 
16 f 2 ( n  = 4) 
14 f 2 ( n  = 4) 
9 f 2 ( n  = 4) 


<5 


<5 


I 


<5 
7 f 3 ( n  =3 )  


12 f 4 ( n  = 3) 
10 f 5 ( n  = 3) 
15 f 4 (n  = 4) 
16f  2 ( n  = 4) 
8 f 2 ( n  = 4 )  
7 f 2 ( n  = 4 )  
7 f l ( n = 4 )  
6 f 1 ( n  = 3) 
6 f 2 ( n = 3 )  


<5 
<5 


Compound I had a specific activity of 8323 dpm/pg. 


Table  IV-Dependence of Plasma T Concentration on Dose in 
Five Subiects 8 


Dose, mg 
Hours 5b l o b  20 30 40 


~~ - ~~ 


1 2 5 f  11 1 7 f 6  8 5 f 2 6  131 f 2 0  1 8 0 f 7 2  
2 12 f 5  3 0 f 8  7 5 5  18 1 0 8 f 3 5  1 6 9 f 2 9  
4 <5 1 9 f 5  5 2 f  18 9 7 f 2 0  1 4 4 f 4 7  
8 <5 8 f 3  2 3 f 5  2 8 f 2 4  7 4 f 4 3  


12 <5 <5 1 2 f 2  2 4 f 4  36 f 19 
~ ~~ ~~ 


0 Values are mean and S D  for five suhjects. * R = 3. 


3 hr. At later times, there was a pronounced decrease in the plasma I 
levels, and the majority of the plasma radioactivity was apparently rep- 
resented by I4CN-1 metabolites (Table 111). 


The plasma I levels were dependent on the dose over a range of 5-40 
mg (Table IV); i .e.,  I did not display nonlinear pharmacokinetics with 
a therapeutic dosage regimen. This finding suggests that the 1 elimination 
routes are not easily saturated and that the drug metabolism enzymes 
are neither induced nor inhibited by I. 


The GLC method reported here provides a sensitive assay for I in the 
plasma of humans following therapeutic doses. The use of an internal 
standard compensates for quantitation error during sample manipulation. 
The I4C-tracer study indicated that  the I metabolites present in human 
plasma are extremely water soluble (unlike the identified urinary me- 
tabolites of 15) and are not detectable under the electron-capture GLC 
assay conditions used. The assay is selective for I. 
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Abstract o The syntheses of some 1,4-benzodiazepines potentially useful 
as haptens are reported. These compounds are related to chlordi- 
azepoxide, diazepam, nitrazepam, clonazepam, and some of their me- 
tabolites. The chemistry reported here is intended to support specific 
immunoassay development for these drugs. 


Keyphrases 0 Benzodiazepines-chemical synthesis, potentially useful 
haptens o Tranquilizers-benzodiazepines, various, chemical synthesis, 
potentially useful haptens Haptens-benzodiazepines, chemical 
synthesis 


Immunoassay (1,2) is a powerful method for measuring 
drug levels in biological fluids. The extensive clinical use 
(3,4) and continued development (4,5) of benzodiazepines 
as a drug class make immunoassays for these compounds 
desirable. This paper reports some benzodiazepine hapten’ 
syntheses. Many haptens reported here have been utilized 
(6-8) in the immunoassay development for clinically im- 
portant benzodiazepines and their metabolites. 


The synthetic compounds are presented in three groups. 
Where possible, the numerical sequence reflects the syn- 
thetic sequence. The end-products, XII-XXIV, in Group 
A are related to diazepam and metabolites of diazepam and 
chlordiazepoxide. Compounds XXXI-XXXVI in Group 
B are related to chlordiazepoxide. Group C contains 
compounds derived from nitrazepam, clonazepam, and 
their metabolites. 


The synthetic methods are known either in the general 
art or in the special benzodiazepine chemistry described 
elsewhere (5, 9, 10). 5-Chloro-3-(4-hydroxyphenyl)-2,1- 
benzisoxazole (I) (1 1) and the corresponding 344-amino- 
phenyl) analog 11 (12-14) were the crucial starting mate- 
rials for compounds in Groups A and B. All other com- 
pounds reported are new except for the following: IV (11, 
15), VII (16), XXIV (6), XXV (17), XXXVIII (la), 
XXXVII (19), and XL (20). The preparation of VII, 
XXIV, and XL, however, is reported for the first time. 


I Haptens are defined (1) as antigens that are coupled to larger molecules. usually 
proteins, to provoke an antibody response. 


EXPERIMENTAL* 


3-(4-Aminophenyl)-5-chloroanthranil (11) (12-14)-To a mixture 
of 100 g (0.662 mole) of o-nitrobenzaldehyde and 160 g (1.05 mole) of 
phosphorus oxychloride was added dropwise, with stirring, 100 g (1.08 
moles) of aniline while the temperature was kept below 30°. After 3 hr 
a t  room temperature, the solution was heated at 75O for 18 hr and at 90’ 
for 3 hr. (The reaction becomes exothermic when heated.) 


The mixture was cooled, 200 ml of ethanol and 200 ml of concentrated 
hydrochloric acid were added, and the solution was heated to reflux for 
3 hr with stirring. On cooling, the precipitate was collected and washed 
with acetone, resuspended in dilute ammonium hydroxide for 1 hr, and 
collected again. After crystallization from ethanol, 70 g (86%) of I1 was 
obtained. Recrystallization from ethanol gave orange rods, mp 208- 
211”. 
4‘-(5-Chloro-3-anthranily~)-2,2,2-trifluoroacetanilide (111)-A 


mixture of 70 g (0.286 mole) of 11, 75 g (0.357 mole) of trifluoroacetic 
anhydride, and 1 liter of tetrahydrofuran was heated to reflux for 30 min. 
After concentration to a small volume, ether (300 ml) was added. The. 
solution was filtered to give 60 g of product and then was concentrated 
to give an additional 5 g. The filtrate was evaporated, and the residue was 
stirred with cold aqueous potassium carbonate solution and filtered. 


The solid thus collected was dissolved in tetrahydrofuran and treated 
with charcoal. After filtration and concentration to a small volume, ether 
was added. A 10-g precipitate of 111 was collected to  give a total yield of 
75 g (77%). A sample recrystallized from tetrahydrofuran-hesane gave 
pale-yellow rods, mp 251-254”; IR (KBr): 3310 (NH) and 1705 (C=O) 
cm-‘. 


And-Calc. for C15HsCIF:{N202: C, 52.88; H, 2.37; N, 8.22. Found: C, 
52.85; H, 2.32; N, 8.27. 
2-Amino-5-chloro-4‘-hydroxybenzophenone (IV) (1 I ,  15)-To a 


solution of 83.7 g (0.34 mole) of 5-chloro-3-(4-hydroxyphenyl)-2,1- 
henzisoxazole (I) (11) in 1500 ml of acetic acid was added 45 g of iron 
filings. The mixture was stirred and heated on the steam bath for 20 min. 
Every 30 min, an additional 20 g of iron filings and 100 ml of water were 
added for 2.5 hr. After 30 min more, the reaction mixture was filtered 
while hot. 


The collected precipitate was heated with acetic acid and filtered. The 
combined filtrates were diluted with ice water to precipitate 39.8 g (47%) 
of IV, mp 170-175’. Recrystallization from methanol-water gave yellow 
rods, mp 173-178’. 


2-Amino -5- chloro-4‘-(2,2,2-trifluoroacetamido) benzophenone 


2 Structural assignments are based on unamhiguous spectral data and on related 
structures published elsewhere [R. I. Fryer, J.  Blount, E. Reeder, E. d. Trybulski. 
and A. Walser, J .  Org. Chem., 43. 4480 (1978)). Only selected spectral data are 
presented here. 
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Structural  G r o u p  A 


R 
I R D$ clJ3$ I clT 2Br 


CI 


0 
Q Q Q 


I : Q = O H  
11: Q = NH, 


IV: Q = OH, R = H 


VI: Q = OCH,CO,CH,, R = H 


VIII: Q = OH, R = H 
V: Q = NHCOCF,, R = H IX: Q = NHCOCF,, R = H 


X: Q = OCH,CO,CH,, R = H 
XI: Q = OH, R = CH, 


111: Q = NHCOCF, 
VII: Q = OH, R = CH, 


R 
I 


CI q$ Z 


Q a 
XII: Q = OH, R = H, Y = H 


XIII: Q = NHCOCF,, R = H, Y = H 
XIV: Q = OCH,CO,CH,, R = H, Y = H 


XVI: Q = OCH,, R = CH,, Y = H 
XVII: Q = OCH,CONH,, R = H, Y = H 


XV: Q = OH, R = CH,, Y = H 


XVIII: Q = OCH,CONHNH,, R = H, Y = H 
XIX: Q = NHCOCF,, R = H, Y = H, Z = 0 


XXI: Q = NHCOCF,, R = H, Y = OCOCH, 
XX: Q = NH,, R = H, Y = H, Z = 0 


XXII: Q = NH,, R = H, Y = O H  


(V)-Following the procedure described for IV, Ill afforded V in an 88% 
yield. A sample was recrystallized from methanol to give yellow needles, 
which crystallized as a methanolate, mp 65-75', reset 14g149'; IH 
(CHC13): 3500,3420 (NH2), 1740, and 1634 (2 C=O) cm-l. 


And-Calc. for C15HloCIFsN20yCH30H: C, 51.28; H, 3.77; N, 7.48. 
Found: C, 51.19; H, 3.71; N, 7.35. 
2-[4-(2-Amino-5-chlorobenzoyl)phenoxy]acetic Acid (V1)-A 


solution of 30 g (0.12 mole) of 1V in 75 ml of dry dimethylformamide 
under nitrogen was cooled in an ice bath, and 5.5 g (1.3 moles) of 57% 
sodium hydride in mineral oil was added with stirring. After 20 min, 24.5 
g (0.16 mole) of methyl bromoacetate was added dropwise. The reaction 
mixture was allowed to stand at  room temperature for 18 hr and then was 
poured into ice water. The precipitate was collected, dried, and recrys- 
tallized from methylene chloride-hexane to give VI as yellow needles (25.1 
g, 65%), mp 144-147'; IR (CHCI3): 3500,3375 (NHs), 1760, and 1638 (2 
C=O) cm-'. 


And-Calc. for ClfiHl4CIN04: C, 60.10; H, 4.41; N, 4.38; Found: C, 
60.03; H, 4.38; N, 4.28. 
5-Chloro-4'-hydroxy-2-methylaminobenzophenone (VII) (16) 


-The 4.5 g of the XV-XVI mixture described under X V  was heated on 
a steam bath for 2 hr with 70 ml of 48% hydrobromic acid and then a t  
reflux for 1 hr. The reaction mixture was cooled, made basic with 3 N 
NaOH, and washed with 100 ml of ether. The water layer was acidified 
with hydrochloric acid and extracted with methylene chloride (2 X 100 
ml). The methylene chloride extract was dried and evaporated. The 
residue was crystallized and recrystallized from aqueous methanol to give 
2.9 g of VII as yellow rods, mp 163-164'. 


Anal.-Calc. for C14H12CIN02: C, 64.25; H, 4.62; CI, 13.55. Found: C, 
64.03; H, 4.37; CI, 13.50. 
2-Bromo-4'-chloro-2'-(4-hydroxybenzoyl)acetanilide (VIII)3-A 


solution of 41 g (0.165 mole) of IV in 800 ml of ether and 200 ml of water 
was cooled to 5'. The mixture was stirred while 20 ml (0.277 mole) of 


:' This compound was first prepared by Dr. A. Stempel of these laboratories. 


OH 
XXIII: R = COCH, 
XXIV: R = H 


synthet ic  sequences 


I, IV, VI, X, XIV-XVII, a n d  XVIII 
11, 111, v, IX, XIII, XIX, xx, XXI, 


and XXII 
IV, VIII, XII, a n d  XV-XVI 
XV, VII, XI, a n d  XV 
XV. XXIII, and  XXIV 


bromoacetyl bromide and a 2096 solution of sodium carbonate were added 
alternately, keeping the solution slightly basic. After 20 min, the reaction 
mixture was filtered to collect 60 g (-200%) of VIII, mp 201-202'. Re- 
crystallization from ethanol gave colorless prisms, mp 201 -203". 


Anal.--Calc. for ClsHIIHrCIN03: C, 48.87; H, 3.01, total halides, 31.30. 
Found: C, 49.17; H. 3.34; total halides, 30.84. 


2-(Bromoacetamido) - 5-chloro-4'-(2,2,2-trifluoroacetamido)- 
benzophenone (1X)-Following the procedure described for VIII but 
with sodium bicarhonate instead of sodium carbonate, V afforded IX in 
a 96% yield. Recrystallization of IX from methylene chloride-metha- 
nol-petroleum ether gave off-white rods, mp 198-.201'; IR (KBr):  1750, 
1663, and 1640 (3 C=O) cm-*. 


Anal.-Calc. for C17HIIBrClF:IN203: C, 44.03; H, 2.39; N, 6.04. Found: 
C, 44.22; H, 2.56; N, 6.03. 


2-Bromo - 4'-chloro-2'-(4-methoxycarbonylmethoxybenzoyl)- 
acetanilide (X)-To a stirring solution of 16 g (0.05 mole) of VI in 350 
ml of methylene chloride was added 6.3 g (0.075 mole) of sodium bicar- 
bonate, followed dropwise by 12.1 g (0.06 mole) of bromoacetyl bromide. 
After 18 hr, 125 ml of water was added; the organic layer was separated, 
dried, and evaporated. Crystallization of the residue from methylene 
chloride-methanol afforded 19 g (86%) of X as colorless needles, mp 
124-126'; IR (CHCla): 3800 (NH) ,  1760, 1682, and 1640 (3 C=O) 
cm-1. 


Anal.-Calc. for ClsHI&CINOs: C ,  49.06; H, 3.43; N, 3.18. Found: 
C, 48.96; H, 3.31; N, 3.05. 


2-Bromo-4'-chloro-2'-( p-hydroxybenzoy1)-N-methylacetanilide 
(XI)3-To a solution of 2.9 g (0.01 1 mole) of VII in 100 ml of methylene 
chloride were added 2.4 g (0.012 mole) of bromoacetyl bromide, 1 g (0.012 
mole) of sodium bicarbonate, and 25 ml of water. The reaction was stirred 
for 18 hr. The water layer was separated and extracted with 50 ml of 
methylene chloride. The combined organic layers were dried and evap- 
orated. Crystallization of the residue from methanol and recrystallization 
from acetone-hexane gave 2.2 g (52%) of XI as colorless prisms, nip 
1.87-1 89'. 
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Structural  Group  B prisms, mp 272-275'; IR (KBr): 3440,3210 (NHP), and 1695 (2 C=O) 
cm-1. 


Anal.-Calc. for C17H14ClN303: C, 59.40; H, 4.11; N, 12.22. Found C, "HcocHF1 
59.06; H, 3.99; N, 11.89. 


The methylene chloride layer was separated, dried, and filtered 
through activated magnesium silicate. Elution with ether and then ethyl 
acetate and recrystallization of these two fractions gave 2.2 g (19%) of XIV 
as pale-yellow prisms, mp 235-243'; IR (KBr): 1762 and 1680 (2 C=O) 
cm-1. 


Anal.-Calc. for ClsH&IN204: C, 60.26; H, 4.21; N, 7.81. Found: C, 
60.39; H, 4.36; N, 7.83. 


Q Q 7-Chloro - 1,3-dihydro-5-(4-hydroxyphenyl)-l-methyl-2H-1,4- 
XXV: Q = OH XXVII: Q = O H  benzodiazepin-2-one (XV)3 , a n d  7-Chloro- 1,3-dihydro-5-(4- 


methoxyphenyl)-l-methyl-2H-l,4-benzodiazepin-2-one (XV1)-To 
a solution of 6.5 g (0.022 mole) of XI1 in 40 ml of dimethylformamide was 
added 11.6 ml (0.055 mole) of 4.74 M sodium methoxide in methanol. 
After 90 min, the mixture was cooled in an ice bath and 9.4 g (0.066 mole) 
of methyl iodide was added dropwise with stirring. After 18 hr at room 
temperature, the reaction mixture was acidified with acetic acid and 


NOH 


XXVI: Q = NHCOCF, XXVIII: Q = NHCOCF, 


CH,CI "qNHCHJ 


a 
XXIX: Q = O H  XXXI: Q = O H  
XXX: Q = NHCOCF, XXXII: Q = NH, 


XXXV: Q = O(CH,),NHCO,CH,C,H, 


XXXIh: Q = OCH,CO,CH, 
XXXIV: Q = OCH,CONHNH, 


XXXVI: Q = O(CH,),NH, 


synthetic sequences 


IV, xxv, XXVII, XXIX, XXXI, 
XXXIII, and  XXXIV 


XXXI, XXXV, and XXXVI 
V, XXVI, XXVIII, XXX, and XXXII 


partitioned between 100 ml of methylene chloride and 100 ml of 
water. 


The water layer was extracted once more with methylene chloride. 
The combined extracts were evaporated to dryness. The residual product 
mixture was separated on an activated magnesium silicate column. The 
column was eluted with methylene chloride, ether, and then ethyl acetate. 
The ethyl acetate fraction was evaporated and crystallized from methanol 
to give 0.40 g (6%) of XV as colorless prisms, mp 255-259'. 


Anal.-Calc. for C I ~ H ~ ~ C ~ N Z O ~ :  C, 63.90; H, 4.35; N, 9.31. Found: C, 
63.89; H, 4.29; N, 9.46. 


The filtrates and the other fractions from the column were combined 
and evaporated to give 4.5 g of a XV-XVI mixture. 


Compound XV from XI-A solution of 2.2 g (5.7 mmoles) of XI in a 
mixture of 90 ml of methylene chloride and 20 ml of tetrahydrofuran was 
added to 175 ml of liquid ammonia. After 18 hr, 100 ml of methylene 
chloride was added and the reaction mixture was dried and evaporated 
to dryness. The residual oil was crystallized from methanol to give 1.45 
g (85%) of XV as colorless prisms, mp 254-260'. 


7-Chloro -1,3- dihydro -5- (4-hydrazinocarbonylmethoxy- 
pheny1)-2 H-1,4-benzodiazepin-2-one Hemi te t r ahydro fu rana te  
(XVII1)-To a solution of 0.50 g (1.3 mmoles) of XIV in a mixture of 25 
ml of methanol and 30 ml of tetrahydrofuran was added 5 ml of hydrazine 


A ~ ~ [ , - C ~ ~ ~ ,  for CI6Hl3BrCINO3: C, 50.22; H, 3.42. Found: c ,  50.09; hydrate (85% in water)' After hr* the ''Iution was evaporated under 
. r  0 - 0  reduced pressure and 25 ml of methylene chloride and 20 ml of water were n, 3. id. 


7-Chloro - I,3-dihydro-5-(4-hydroxyphenyl)-2H-1,4-benzodi- 
azepin-%-one (XI1)-To 350 ml of liquid ammonia was added 60 g (0.163 
mole) of VIII. After refluxing for 3 hr, the ammonia was allowed to 
evaporate. The residue was heated to reflux in 400 ml of ethanol for 3 hr. 
Ethanol was evaporated, and 800 ml of acetone was added. This sus- 
pension was heated and filtered to remove inorganic salts. Concentration 
of the acetone filtrate gave 31.5 g (67%) of XII, mp 271-272'. 


Anal.-Calc. for C15HllCIN202: C, 62.84; H, 3.87; N, 9.77. Found: C, 
62.52; H, 4.13; N, 9.92. 


7-Chloro - 1,3-dihydro-5-[4-(2,2,2-trifluoroacetamidophenyl)]- 
2H-1,4-benzodiazepin-2-one (XII1)-A solution of 90 g (0.194 mole) 
of IX in a mixture of 900 ml of tetrahydrofuran and 900 ml of ethyl acetate 
was stirred in an ice bath and saturated with a stream of ammonia gas 
over 1 hr. The mixture was allowed to stand overnight a t  room temper- 
ature and then filtered. The filtrate was evaporated, and the residue was 
partitioned between methylene chloride and water. 


The product mixture from evaporation of the methylene chloride layer 
was heated to reflux in 400 ml of ethanol for 3 hr. The solution was con- 
centrated, cooled, and filtered to give 32 g (43%) of XIII. A sample was 
recrystallized from methylene chloride-ether to give colorless prisms, 
which reset on heating to form needles, mp 273-276'; IR (KBr): 1730 and 
1678 (2 C=O) cm-l. 


C. 53.63: H, 2.92: N, 10.85. 
Anal.-Calc. for C17HllCIFnN302: C, 53.49; H, 2.90; N, 11.00. Found: 


7-Chloro - 1,3-dihydro-5-(4-methoxycarbonylmethoxyphenyl)- 
2H-1,4-benzodiazepin-2-one (XIV) and  5-(4-Carbamoylmethox- 
yphenyl) -7- chloro -1,3- dihydro-2H-1,4-benzodiazepin -2- one 
(XVI1)-A solution of 14.3 g (32.5 mmoles) of X in 100 ml of dioxane and 
150 ml of methanol was added to 150 ml of a saturated solution of am- 
monia in methanol. After 5 hr, the reaction mixture was neutralized with 
acetic acid and evaporated to dryness. The residue was partitioned be- 
tween 150 ml of methylene chloride and 100 ml of dilute ammonium 
hydroxide. After a few minutes, filtration gave 4.5 g (41%) of XVII. A 
sample was recrystallized from chloroform-ethanol to give off-white 


added. After standing overnight, the solution was filtered and the solid 
was recrystallized from tetrahydrofuran-hexane to give 0.30 g (59%) of 
colorless prisms, mp 180-185', resets 210-220'; IR (KBr): 1700 and 1680 
(C=O) cm-1. 


And-Calc. for Cl,H&IN403-0.5 C4HsO: C, 57.80; H, 4.88; N, 14.19. 
Found: C, 57.59; H, 4.79; N, 14.10. 


7-Chloro - 1,3-dihydro-5-[4-(2.2.2-trifluoroacetamido)phenyl]- 
2H-1,4-benzodiazepin-2-one 4-Oxide (XIX)-To a mixture of 31.5 
g (0.0825 mole) of XI11 in 1.8 liters of methylene chloride was added, with 
stirring, 30 g (0.147 mole) of 85% m-chloroperbenzoic acid. After 18 hr, 
500 ml of cold water was added and the solution was made basic with 
ammonium hydroxide. The crystalline XIX was collected on a filter. The 


Structural  GrouD c 


XXXVII: Q = NO,, Y = H, Z = O H  


XL: Q = NO,, Y = CI, 2 = O H  


XXXVIII: Q = NO,, Y = H, Z = OCOCH,CH,CO,H 
XXXIX: Q = NH,, Y = H, Z = OCOCH,CH,CO,H 


XLI: Q = NO,, Y = CI, Z = OCOCH,CH,CO,H 
XLII: Q = NH,, Y = C1, Z = OCOCH,CH,CO,H 


synthet ic  sequences 


XXXVII, XXXVIII, XXXIX; XL, XLI, and  XLII 
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methylene chloride was concentrated for a second crop, giving a total yield 
of 21.5 g (66%). Recrystallization from methylene chloride-methanol gave 
off-white rods, mp 295-297O dec.; IR (KBr): 1698 (broad 2 CEO) 
cni-'. 


Anal.-Calc. for C17HllCIF3N303: C, 51.33; H, 2.79; N, 10.57. Found: 
C, 51.32; H, 2.57; N, 10.44. 


5-(4-Aminophenyl) - 7-chloro-l,3-dihydro-2H-l,4-benzodi- 
azepin-2-one 4-Oxide (XX)-To a solution of 1.0 g (2.51 mmoles) of 
XIX in 25 ml of methanol was added 20 ml(20 mmoles) of 1 N NaOH. 
After 15 min, 20 ml of water was added. The reaction mixture was allowed 
to stand for 3 hr and was then acidified with acetic acid; methanol was 
removed in uacuo. The mixture was made basic with ammonium hy- 
droxide and filtered. Recrystallization from tetrahydrofuran-methanol 
gave 0.30 g (39%) of pale-yellow rods, mp 25&258O; IR (KBr): 3415,3350, 
3245 (NH2, NH), and 1700 (C=O) cm-'; mass spectrum: m/e 301 
( M f ) .  


And-Calc. for Cl5H12CIN302: C, 59.71; H, 4.10; N, 13.93. Found: C, 
59.52; H, 4.02; N, 13.73. 


3-Acetoxy - 7-chloro-1,3-dihydro-5-[4-(2,2,2-trifluoroaceta- 
mido)phenyl]-2H-1.4-benzodiazepin-2-one (XX1)-A mixture of 14 
g (0.0352 mole) of XIX in 200 ml of tetrahydrofuran and 400 ml of acetic 
anhydride was heated on the steam bath for 2 hr. The  mixture was 
evaporated under reduced pressure. Crystallization of the residue from 
methanol afforded 8.3 g of XXI. A second crop of 5.3 g was obtained from 
ether-hexane, giving a total yield of 13.5 g (87.7%). 


Recrystallization from a mixture of tetrahydrofuran, methylene 
chloride, and hexane gave white prisms, mp 257-262"; IR (KRr): 1740, 
-1720, and 1688 (3 C=O) cm-'; mass spectrum: m/e 439 (M+). 


Anal.-Calc. for C ~ ~ H I ~ C I F ~ N R O ~ :  C, 51.89; H, 2.98; N, 9.56. Found: 
C, 51.36; H, 2.99; N, 9.23. 


S-(l-Aminophenyl) -7- chloro-l,3-dihydro -3- hydroxy-2H-1.4- 
benzodiazepin-2-one (XXI1)-To a solution of 0.60 g (1.3 mmoles) of 
XXI in 25 ml of methanol was added 20 ml of 1 N NaOH, followed by the 
addition of 20 ml of water after 1 hr. The reaction mixture was filtered 
after 3 hr. The filtrate was acidified with acetic acid and then made 
slightly basic with ammonium hydroxide. It was extracted with methylene 
chloride (2  X 100 ml), which was dried and concentrated to a small 
volume. 


Compound XXII, which crystallized, was collected. Recrystallization 
from tetrahydrofuran-methanol afforded 0.20 g (50%) of yellow prisms, 
mp >35O0; IR (KBr): 3455,3375 (NH2, NH), 3225,3160 (OH), 1713, and 
1698 (split C=O) cm-I; NMR (dimethyl sulfoxide-ds): b 10.60 (s, l H ,  
NH), 6.02 (d, lH,  OH), 5.58 (s, 2H, NH2), and 4.64 (d, IH, CH); mass 
spectrum: m/e 301 (M+) .  


Anal.--Calc. for ClsH12ClN~02: C, 59.71; H, 4.00; N, 19.93. Found: C, 
59.33; H, 4.46; N, 14.03. 
5-[8-(4-Acetamidophenylazo)-4 - hydroxyphenyl]-7-chloro- 


1,3-dihydro-l-methyl-2H-l,4-bcnzodiazepin-2-one (XXII1)-To 
a mixture of 1.2 ml (15 mmoles) of concentrated hydrochloric acid and 
5 g of ice was added 0.90 g (6 mmoles) of p-aminoacetanilide, followed 
by the dropwise addition of a solution of 0.45 g (6.2 mmoles) of sodium 
nitrite in 5 ml of water. To a separate solution of 0.5 g (1.67 mmoles) of 
XV in 25 ml of tetrahydrofuran were added 1 ml (12 mmoles) of I N 
NaOH and 20 g of ice. The diazonium salt solution was added rapidly with 
stirring to the basic solution. 


The mixture was refrigerated a t  5" for 2.5 days. The precipitate was 
collected and recrystallized from methylene chloride-methanol to give 
0.60 g (70%) of XXlIl as red prisms. Recrystallization from methylene 
chloride-petroleum ether gave yellow rods, mp 27g278'; IR (KBr): broad 
1700 (2  C=o) cm-I. 


And-Calc. for C ~ ~ H ~ ~ C I N S O ~ :  C, 62.41; H, 4.36; N, 15.16. Found: C, 
62.24; H, 4.31; N, 14.97. 
5-[~-(4-Aminophenylazo)-4-hydroxyphenyl]-7-chloro- 1,3-dihy- 


dro-l-methyl-2H-1,4-benzodiazepin-2-one (XXIV)-A solution of 
0.60 g (1.3 mmoles) of XXIII in 50 ml of methanol and 10 ml of concen- 
trated hydrochloric acid was heated for 10 min on a steam bath. After 2 
hr a t  room temperature, the methanol was evaporated. The solution was 
made basic with ammonium hydroxide and extracted with 50 ml of 
methylene chloride. The organic layer was dried and evaporated. Crys- 
tallization of the residue from methanol and recrystallization from 
methylene chloride-methanol gave 0.25 g (4596) of brown prisms, mp 
262-268"; IR (KBr): 3450,3350 (NH2), and 1682 (C=O) cm-'. 


Anal.-Calc. for C~~H1&INs02: C, 62.93; H, 4.32; N, 16.68. Found: C, 
62.96; H, 4.49; N, 16.47. 
2-Amino-5-chloro-4'-hydroxybenzophenone Oxime (XXV)-The 


preparation of XXV from IV was described in Ref. 17. 
2-Amino-5-chloro-4'-(2.2,2-trifluoroacetamido)benzophenone 


Oxime (XXV1)-A mixture of 3.1 g (8.27 mmoles) of V and 2.5 g (36 
mmoles) of hydroxylamine hydrochloride in 100 ml of ethanol was heated 
under reflux for 66 hr and then concentrated. The residue was partitioned 
between 100 ml of methylene chloride and 75 ml of water. The organic 
layer was concentrated, cooled, and filtered to give 1.0 g of XXVI. An 
additional 0.6 g was obtained from the filtrates for a yield of 1.6 g (53%). 
Recrystallization from methylene chloride-hexane gave off-white prisms, 
mp 179-183'; IR (KBr): 3440,3340, and 3280 (NH, NH2, OH) cm-'. 


Anal.-Calc. for C ~ ~ H I ~ C I F ~ N ~ O ~ :  C, 50.37; H, 3.10; N, 11.75. Found: 
C, 50.31; H, 2.93; N, 11.72. 


2,4' - Dichloro-2' - (4-hydroxybenzoy1)acetanilide Oxide 
(XXVI1)-See Ref. 17. 


2,4' - Dichloro-2'-(4-trifluoroacetamido-ar-hydroxyiminoben- 
zy1)acetanilide (XXVII1)-To a solution of 1.6 g (4.4 mmoles) of XXVI 
in 50 ml of ether was added 20 ml of water. The mixture was cooled to 5", 
and 0.54 g (4.8 mmoles) of chloroacetyl chloride and a 5% solution ofso- 
dium bicarbonate were added alternately, keeping the solution slightly 
basic. After 1 hr, the ether layer was separated and the water layer was 
extracted with 50 ml of ether. 


The combined ether layers were dried and evaporated. The residue 
was crystallized from methylene chloride-hexane to give 1.8 g (95%) of 
colorless prisms. A sample recrystallized for analysis from ether-meth- 
ylene chloride melted a t  210-214'; IR (KBr): 3420,3300,3200 (NH, OH), 
and 1700 (2 C=O) cm-'. 


Anal.-Calc. for C17H12C12F:3N303: C, 47.03; H, 2.78; N, 9.58. Found: 
C, 46.94; H, 2.70; N,9.48. 
6-Chloro-2-chloromethyl-4-(4-hydroxyphenyl)quinazoline 3- 


Oxide (XXIX)3-A solution of 40.5 g (0.12 mole) of XXVII in 750 ml of 
dry dioxane and 40.5 ml (0.329 mole) of boron trifluoride etherate was 
heated to reflux. After 5 hr, it was cooled and 200 ml of water was added. 
The dioxane was removed by distillation, and the reaction mixture was 
made basic with a 5% sodium bicarbonate solution. The solid was col- 
lected, heated in methanol a t  reflux for a few minutes, cooled, and col- 
lected to give, in two crops, 21.3 g (56%) of XXIX. An analytical sample 
recrystallized from methanol melted a t  226-227" dec. 


Anal.-Calc. for C ~ ~ H ~ O C I ~ N ~ O ~ :  C, 56.10; H, 3.14; N, 8.72. Found: C, 
56.26; H, 2.81; N, 9.02. 


6-Chloro - 2-chloromethyl-4-[4-(2,2,2-trifluoroacetamido)phe- 
nyl]quinazoline 3-Oxide (XXX)-Following the procedure described 
for XXIX, XXVIII was isolated by methylene chloride extraction. The 
residue from evaporation was crystallized from methanol and recrys- 
tallized from methylene chloride-methanol to give 1.0 g (62%) of pale- 
yellow rods, mp 244-248". A good elemental analysis could not he ob- 
tained because of solvents in the crystals; IR (KBr): 1730 (C=O) cm-I; 
mass spectrum: m/e  415 (M+) .  


7-Chloro - .5-(4-hydroxyphenyl)-2-methylamino-3H-l,4-benzo- 
diazepine 4-Oxide (XXXI)3-To a saturated methylamine solution in 
600 ml of methanol in an ice bath was added 19.2 g (0.60 mole) of XXIX. 
The solution was stirred for 7 hr in an ice hath and for 10 hr a t  room 
temperature and then was evaporated under reduced pressure. The 
residue was acidified with dilute acetic acid, stirred with ether, and fil- 
tered to give 19 g of product. Recrystallization for analysis from ethyl 
acetate gave colorless plates, mp 278-279' dec. 


Anal.-Calc. for C I R H I ~ C I N ~ O ~ :  C ,  60.86; H, 4.47; N, 13.30. Found: C, 
61.23; H, 4.74; N, 13.14. 


.5-(4-Aminophenyl)-7 - chloro-2-methylamino-3H-1,4-benzodi- 
aaepine 4-Oxide (XXXI1)-To 100 ml of methanol saturated with 
methylamine in an ice hath was added 1.6 g (3.8 mmoles) of XXX. After 
18 hr a t  room temperature, the solution was evaporated to dryness. 
Crystallization of the residue from methanol followed by recrystallization 
from methylene chloride-methanol gave yellow prisms, mp 180-185". 
reset 288-290". 


The filtrates were partitioned between 1 N HCI and ether. The acid 
layer was made basic with sodium hydroxide and filtered. The solids 
collected were recrystallized from methylene chloride-methanol to give 
0.60 g (50%) of XXXII. A good elemental analysis was not obtained due 
to occlusion of solvents in the crystal; IK (KBr): 3250 (broad) and 1625 
cm-I; mass spectrum: m/e  314 (M+). 


7-Chloro - 5-(p-methoxycarbonylmethoxyphenyl)-2-methyl- 
amino-3H-l.4-benzodiazepine 4-Oxide (XXXII1)-A solution of 5.00 
g (0.0158 mole) of XXXI in 25 ml of dry dimethylformamide under ni- 
trogen was stirred and cooled in an ice hath. T o  the reaction was added 
0.75 g (0.0174 mole) of 57% sodium hydride in mineral oil; after 45 min, 
3.0 g (0.205 mole) of methyl bromoacetate was added dropwise. After 64 
hr a t  room temperature, the mixture was poured into ice water. 


The precipitate was collected and dissolved in 150 ml of methylene 
chloride, which was washed with water, dried, and evaporated. Crystal- 
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lization from methylene chloride-hexane gave 3.6 g (59%) of colorless 
prisms, mp 106-110’; IR (CHCb): 3460 (NH) and 1760 ( C 4 )  cm-l. An 
additional 1.6 g of crude XXXIII was obtained from the filtrates. 


Anal.-Calc. for C19Hl&IN304: C, 58.84; H, 4.68; N, 10.84. Found: C, 
58.61; H, 4.56; N, 10.96. 


7-Chloro - 5-(4-hydrazinocarbonylmethoxyphenyl)-2-methyl- 
amino-3H-l,4-benzodiazepine 4-Oxide (XXX1V)-A solution of 1.0 
g (2.6 mmoles) of XXXIII in 125 ml of methanol was treated with 6 ml 
of 85% hydrazine hydrate. After stirring for 2 hr, the solution was con- 
centrated to a small volume under reduced pressure and cooled. The 
precipitate was collected, triturated with ethanol, filtered, and recrys- 
tallized from dimethylformamide-methanol-water to give 0.90 g (90%) 
of colorless prisms, mp 254-256’; IR (KBr): 3300,3240 (NH, NHz), 1668 
(C=O), 1635 (C=N),and 1250 (ether) cm-l. 


Anal.-Calc. for CleHleCIN503: C, 55.75; H, 4.68; N, 18.06. Found: C, 
55.62; H, 4.58; N, 18.28. 


7-Chloro -2- methylamino-5-[4-[ (3-benzyloxycarbonylamino)- 
propoxy]phenyl]-3H- 1 ,I-benzodiazepine 4-Oxide (XXXV)-A so- 
lution of 0.50 g (1.58 mmoles) of XXXI in 5 ml of dry dimethylformamide 
under nitrogen was treated with 0.080 g (1.9 mmoles) of 54.7% sodium 
hydride in mineral oil. After 20 min, 0.54 g (2 mmoles) of N-carboben- 
zyloxy-3-bromopropylamine and 0.10 g (0.29 mmole) of tetrabutylam- 
monium hydrogen sulfate were added with stirring. After 18 hr, the re- 
action mixture was stirred with ice water, which was then decanted. 


The remaining oil was dissolved in 25 ml of methylene chloride, washed 
with 15 ml of water, dried, and filtered over a pad of activated magnesium 
silicate. The pad was eluted with methylene chloride, ether, and then 
ethyl acetate. The ethyl acetate fraction was evaporated and purified by 
preparative TLC using five silica gel plates (20 cm X 20 cm X 1.5 mm), 
which were developed in benzene-acetone (1:l). The material havisg Ri 
0.4-0.5 was eluted from the silica gel with methanol. Crystallization from 
methylene chloride-ether gave 0.15 g (19%) of colorless prisms, mp 
10b106’; IR (CHCl3): 3460 (NH) and 1720 (C=O) cm-’; mass spectrum: 
mle 506 (M+). 


Anal.-Calc. for C27H27CIN404: C, 63.97; H, 5.37; N, 11.05. Found: C, 
63.87; H, 5.42; N, 10.80. 


7-Chloro - 2-methylamino-5-[4-(3-amino)propoxy]phenyl-3H- 
l,4-benzodiazepine 4-Oxide Dihydrochloride (XXXV1)-To a 
stirring solution of 4 ml of 30% hydrogen bromide in acetic acid was added 
0.10 g (0.197 mmole) of XXXV. After 40 min, 20 ml of ether was added. 
The precipitate was collected and partitioned between 30 ml of methylene 
chloride and 10 ml of dilute ammonium hydroxide. The organic layer was 
dried and evaporated, and excess ethanolic hydrogen chloride was added. 
After concentration, the oil was crystallized from isopropanol and re- 
crystallized from a mixture of methanol and isopropanol to give 70 mg 
(80%) of colorless prisms, mp 211-215’ dec.; IR (KBr): 3400 (broad NH, 
NH2) and 1688 (C=O) cm-’. 


Anal.-Calc. for C19H21CIN40~2HCl: C, 51.19; H, 5.20; N, 12.57. 
Found: C, 50.85; H, 5.49; N, 12.24. 
1,3-Dihydro-3-hemisuccinyloxy - 7-nitro-5-phenyl-2H- 1.4-ben- 


zodiazepin-2-one (XXXVIII) (18)-To a suspension of 6.60 g (22 
mmoles) of 1,3-dihydro-3-hydroxy-7-nitro-5-phenyl-2H-l,4-benzodi- 
azepin-%one (XXXVII) (19) in 400 ml of tetrahydrofuran (dried by 
passing over a bed of activated alumina) was added 1.2 g of a 50% sus- 
pension of sodium hydride in mineral oil (27 mmoles hydride). After 
stirring for 0.5 hr at  room temperature under a nitrogen atmosphere, a 
clear solution formed. Succinic anhydride (3.35 g, 33 mmoles) was added 
in one portion, and stirring was continued. After 1 hr, tetrahydrofuran 
was evaporated in uacuo. 


The residual mixture was slurried with 200 ml of water, acidified with 
acetic acid, and extracted with 300 ml of methylene chloride. The acidi- 
fication and extraction were performed rapidly enough so that the 
product did not crystallize out of solution. After drying over anhydrous 
sodium sulfate, the solution was concentrated to half of its volume. 
Hexane addition afforded 8.3 g of XXXVIII, mp 187-190’ dec. After 
recrystallization from tetrahydrofuran-methylene chloride-hexane, 5.6 
g (64%) of colorless needles was obtained, mp 183-185’ dec. 


An analytical sample obtained from recrystallization with methylene 
chloride-hexane melted at 187-190’ dec.; IR (KBr): unresolved carbonyl 
bands a t  1690-1760 cm-’; UV A,,, (2-propanol): 219 (c 24,5001, 264 
(17,100), and 305 (10,900) nm; NMR (dimethyl sulfoxide-d6): 6 2.51-2.65 
(m, 2, CHz), 2.69-2.83 (m, 2, CHz), 5.89 (s,  1,3-H), 7.45-7.62 (m, 6,C6H5 
and 9-H), 8.06 (d, J = 2.5 Hz, 1,6-H), and 8.48 (4, J = 2.5 and 9.0 Hz,l, 
8-H) ppm. 


Anal.-Calc. for C1gHl5N307: C, 57.43; H, 3.81; N, 10.58. Found: C, 
57.47; H, 3.87; N, 10.30. 


7-Amino- 1,3-dihydro-3-hemisuccinyloxy-5-phenyl-2H- I.4-ben- 


zodiazepin-2-one (XXX1X)-A solution of 397 mg (1.0 mmole) of 
XXXVIII in 25 ml of tetrahydrofuran containing 500 mg of Raney nickel 
was hydrogenated under a hydrogen atmosphere a t  room temperature 
for 2 hr. Removal of the catalyst and solvent followed by recyrstallizatione 
from tetrahydrofuran-methylene chloride-hexane afforded 175 mg (48%) 
of XXXIX as yellow microprisms, melting point indefinite, gradually 
shrinkingabove 190’; UV A,, (2-propanol): 243 (t 31,100) and 354 (2700) 
nm; NMR (dimethylsulfoxide-d6): 6 6.44 (d, J = 2.5 Hz, 1,6-H), 6.80 (dd, 
J = 2.5 and 9.0 Hz, 1,8-H), and 6.94 (d, J = 9.0 Hz, 1,9-H) ppm. 


Anal.-Calc. for C19H17N305: C, 62.12; H, 4.66; N, 11.44. Found: C, 
62.20; H, 4.96; N, 11.17. 
5-(2-Chlorophenyl)-l,3-dihydro-3-hydroxy - 7-nitro-2H-l,4- 


benzodiazepin-2-one (XL) (20)-A solution of 27 g (81 mmoles) of 5- 
(2-chlorophenyl)-1,3-dihydro-7-nitro-2H-l,4-benzodiazepin-2-one 4- 
oxide [prepared in 64% from clonazepam (V), the desoxy precursor, by 
oxidation with rn-chloroperbenzoic acid and obtained from ethanol as 
colorless flakes, mp 254’ dec.] in 300 ml of acetic anhydride was heated 
on a steam bath for 2 hr. After acetic anhydride was removed in uacuo, 
the residue was crystallized from benzene to afford 14 g of 3-acetoxy- 
5-(2-chlorophenyl)-l,‘3-dihydro-7-nitro-2H-l, 4-benzodiazepin-2-one, 
mp 279-281’. 


To a solution of the 3-acetoxy compound (14 g) in 400 ml of dioxane 
was added 160 ml of 1 N NaOH. The mixture was stirred a t  room tem- 
perature for 0.5 hr and then neutralized with 1 N HCI. Water (2 liters) 
was added, and the mixture was extracted with methylene chloride. The 
organic layer was washed with water, dried, and evaporated to dryness. 
Crystallization from acetone afforded XL, which, on recrystallization 
from acetone, yielded 8.7 g (30% overall) of a hemiacetonate of XL as 
colorless prisms, mp 159-160’; IR (KBr): 3200,3140,1700 (broad), 1530. 
and 1345 an-’. 


Anal.-Calc. for C I ~ H ~ O C I N ~ O ~ . O . ~ C ~ H ~ ~ :  C, 54.93; H, 3.63; N, 11.65. 
Found: C, 55.14; H, 3.70; N, 11.47. 
5-(2-Chlorophenyl)-l,3-dihydro-3 - hemieuccinyloxy-7-nitro- 


2 H-1.4-benzodiazepin-2-one (XL1)-The 3-hydroxy compound (XL) 
was succinylated, as in the preparation of XXXVIII, in a 67% yield. 
Colorless prisms (tetrahydrofuran-methylene chloride-heptane) were 
obtained, mp 172-180’ dec.; IR (KBr): 1770-1700 (strong unresolved), 
1530, and 1350 cm-’; UV A,,, (2-propanol): 215 ( 6  32,8001,248 (16,500). 
and 308 (12,000) nm. 


Anal.-Calc. for C~gH14ClN307: C, 52.75; H, 3.08; N, 9.75. Found: C, 
52.85; H, 3.27; N, 9.73. 
7-Amino-5-(2-chlorophenyl)-1,3-dihydro - 3-hemisuccinyloxy- 


2H-1,4-benzodiazepin-2-one (XLI1)-Catalytic hydrogenation of XLI 
in the manner described in the preparation of XXXIX afforded XLII 
in a 70% yield as a light-yellow amorphous solid from tetrahydrofuran- 
methylene chloride-hexane, melting point indefinite, beginning at  130’; 
IR (KBr): 3500-2800 and 1680-1760 (unresolved), 1620,1505, and 1160 
cm-‘. 


Anal.-Calc. for C ~ ~ H I ~ C I N ~ O ~ :  C, 56.80; H, 4.01; CI, 8.82. Found: C, 
57.06; H, 4.34; CI, 8.54. 
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Abstract The particle-size effect of benoxaprofen, a new nonsteroidal 
anti-inflammatory agent, on the in uitro dissolution rate and oral ab- 
sorption in humans was evaluated. Ten normal subjects participated in 
a randomized crossover-designed absorption study with two sieved 
particle-size formulations: one with crystals larger than 60 mesh (mean 
equivalent spherical diameter = 640 pm) and the other with crystals 
smaller than 100 mesh (mean equivalent spherical diameter = 67 pm). 
Plasma drug concentrations and urinary drug excretion were used to 
determine the relative absorption of the two formulations. The standard 
USP procedure was used for the dissolution study. Particle size had a 
dramatic effect on both the in uitro drug dissolution and its oral ab- 
sorption in humans. In uitro, the smaller crystals dissolved more rapidly 
and more efficiently than the larger crystals. In uiuo, the smaller crystals 
produced higher plasma concentrations, more rapid peak concentration 
attainment, and more drug excreted in the urine. 


Keyphrases Benoxaprofen-effect of particle size on dissolution rate 
and oral ahsorption in humans 0 Dissolution rate-benoxaprofen, effect 
of particle size 0 Absorption, oral-henoxaprofen, effect of particle size 
0 Anti-inflammatory agents-benoxaprofen, effect of particle size on 
dissolution rate and oral absorption in humans 


~~ ~~ 


The particle size of sparingly soluble drugs (drugs that 
are practically insoluble in aqueous fluids a t  physiological 
pH) can affect their dissolution rate in uitro (1-7). Simi- 
larly, the rate and extent of drug absorption can be reduced 
in uiuo when dissolution in GI fluids is limited by particle 
size (2,8-11). In several cases, rank correlations were ob- 
tained between sparingly soluble drug dissolution in uitro 
and absorption in uiuo (12). In several instances, drug 
dissolution improved when particle size was reduced, 
probably because an increased surface area was available 
for dissolution. 


Certain physicochemical properties of the experimental 
an ti -inflammatory compound benoxaprofen, dl -2- (4- 
chlorophenyl)-a-methyl-5-benzoxazoleacetic acid, indicate 
that its dissolution in uitro and its absorption in uiuo might 
be affected by altering its crystal particle size. It is a crys- 
talline solid at  room temperature. The pKa in 66% di- 
methylformamide is 6.9, and its solubilities a t  25' in 
phosphate buffer at pH 5.0,6.0,7.0, and 7.6 are 4.4,21,207, 
and 835 pg/ml, respectively'. 


I The pKa and soluhilities of t)enoxaprofen were determined at the Lilly Research 
I.ahoratories, Indianapolis, Ind., by Dr. R. F. Childers. Jr. (unpublished data). 


Because of benoxaprofen's low aqueous solubility and 
its largely unionized, lipoid-soluble form in the GI tract, 
a rate-limiting step in oral absorption could be drug dis- 
solution in the GI fluids. This report describes the rela- 
tionship between drug particle sizes and dissolution rates 
in uitro and the effect of particle sizes on oral bioavail- 
ability in humans. 


EXPERIMENTAL 


Dosage Preparation-GLC showed benoxaprofen' to be 99.996, pure. 
Two particle-size fractions were isolated using US .  standard mesh sieves. 
One fraction contained particles larger than 60 mesh (mean diameter = 
640 pm), and one contained particles less than 100 mesh (mean diameter 
= 67 pm). The individual fractions were mixed with corn starch USP in 
a laboratory blender?. The blends were hand filled into size 2 gelatin 
capsules, each containing 100 mg of benoxaprofen and 180 mg of 
starch. 


Dissolution Study-The assembly and conditions used to study the 
dissolution rate and extent of the two drug particle sizes are described 
in USP XIX (13). The dissolution assemhly consisted of four variable- 
speed stirring motors attached to four basket and shaft assemblies with 
a three-blade stainless steel propeller mounted on each basket shaft 
immediately above each basket, four 3-liter beakers, and a water bath 
a t  37 f 0 5 O .  The dissolution medium for each determination was 2 liters 
of pH 7.6 phosphate buffer. One capsule was placed in each basket and 
rotated a t  100 rpm. Four capsules from each formulation were tested. 


Five-milliliter aliquots were withdrawn a t  20,60, and 120 min using 
a pipet fitted with a suitable filter. Aliquots withdrawn were not replaced 
with corresponding volumes of the dissolution medium4. After the 
120-min sample withdrawal, the basket contents were quantitatively 
transferred to the remaining dissolution medium, a stirring bar was 
added, and the mixture was magnetically stirred (at  >500 rpm) for -1 
hr. A final aliquot was then taken. The benoxaprofen content in each 
specimen was measured spectrophotometrically. 


Clinical Study-In humans, the benoxaprofen availability from the 
dosage forms containing the two different particle sizes was compared 
on the hasis of plasma unchanged drug concentration and of urinary 
excretion of the unchanged drug and i ts  glucuronide conjugate. 


Twelve healthy males participated in the study after being informed 
of the objectives, potential risks, and procedures. The subjects were 21-33 
years and within an acceptable weight range (14). According to a ran- 
domized crossover design, each subject received a single oral 100-mg drug 
capsule. Two weeks elapsed between the single doses of the two parti- 


Synthesized at the I.illy Research Centre in England. 
Twin-Shell. 


4 Corrections were made for changes in dissolution volume in calculations of the 
percent of drug released at each period. 
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COMMUNICA TIONS 


Nasal Absorption of Propranolol in Rats 


Keyphrases 0 Propranolol-nasal absorption, rats, compared to oral 
and intravenous dosage forms, bioavailability 0 P-Adrenergic blocking 
agents-propranolol, nasal absorption, compared to oral and intravenous 
dosage forms, rats, bioavailability 0 Dosage forms, nasal-propranolol, 
at)strrption, compared to oral and intravenous dosage forms, rats, bio- 
availability 


To the Editor 
Propranolol, the adrenergic /3-receptor blocking drug, 


is widely used for hypertension management and angina 
pectoris treatment. The drug, however, is inefficiently and 
variably absorbed from oral dosage forms. A study in hu- 
mans showed that the oral administration of propranolol 
results in considerable variation in plasma drug levels. 
Peak plasma levels in five subjects given 80-mg oral doses 
varied by sevenfold, while 10-mg iv doses in the same 
subjects varied by only twofold (1). Furthermore, drug 
bioavailability of an 80-mg oral dose in some subjects, as 
calculated from the ratio of the area under the curve, was 
as low as 16% of the bioavailability of a 10-mg iv dose. The 
variations in the blood levels as well as the low bioavail- 
ability for oral doses have been attributed to the extensive 
drug metabolism in the GI tract during absorption and/or 
to the first-pass effect (2 ,3) .  


To enhance drug bioavailability and to minimize blood 
level variations from the nonparenteral route, drug avail- 
ability from a nasal solution was investigated. Previous 
studies in rats, dogs, and humans showed that insulin is 
efficiently absorbed from the nasal mucosa (4-6). 


Sprague-Dawley male rats, -270 g, were used. For nasal 
administration, the rats were anesthetized with pento- 
barbital sodium (50 mg/kg). Drug administration to the 
nasal cavity with a micropipet, using two doses of 1 and 2 
mghat in 0.1 ml of pH 7.2 isotonic buffer, was carried out 
according to the procedure described by Hirai et a1 (4). For 
intravenous administration, the rats were anesthetized and 
1-mg doses of the drug in 0.2 ml of pH 7.2 isotonic buffer 
were injected through the femoral vein. After the intra- 
venous and nasal administrations, blood was sampled from 
the femoral aorta periodically. 


For oral administration, the rats were not anesthetized 
and 1-mg doses in 1 ml of pH 7.2 isotonic buffer were ad- 
ministered by a stomach tube. After oral administration, 
blood was sampled from the tail vein periodically. The 
blood drug levels were determined spectrophotofluo- 
rometrically by a minor modification of the method of 
Suzuki et al. (3). 


Figure 1 shows the mean blood propranolol levels for the 
three administration routes. The blood drug levels after 
intravenous and nasal administrations of 1-mg doses were 
identical, whereas the oral administration resulted in 
considerably lower blood levels. The oral bioavailability 
calculated from the ratio of the area under the curve, 
(oralhntravenous) X 100 and (oralhasal) X 100, within 4 
hr was -15%. 


Furthermore, the area under the blood drug level curve 
was directly proportional to the dose administered nasally 
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Figure 1-Time course of the average blood propranolol levels in  three 
rats after nasal administration of I mglrat (0). intravenous adminis- 
tration of I mglrat (A), oral administration of 1 mglrat (0) .  and nasal 
administration of 2 mglrat (0). 


(Fig. 1). The results also indicate that propranolol is rap- 
idly absorbed from the nasal mucosa. The peak plasma 
level was attained within 5 min of nose drop instillation. 


The nasal route for propranolol administration appears 
to be superior to the oral route and as effective as the in- 
travenous route. A study is underway to examine pro- 
pranolol bioavailability from nasal solutions in dogs. 
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Abstract Twenty-seven N-benzoyl derivatives of amino acids and 
amino acid analogs were prepared and tested for growth-inhibitory ac- 
tivity in a microbial antitumor screen. Of these, 19 showed some inhibi- 
tory capacity, from a modest 13% to a potent 96% at 1 mg/ml. The ac- 
t ivities of the "modest" inhibitors were comparable to those of most in- 
hibi tory chloroacetyl and trifluoroacetyl derivatives reported earlier. The 
intermediate inhibitors were as active as N-chloroacetyl-P-hydroxy-D- 
norleucine isomer B, the most active acyl derivative noted previously. 
The most active compounds in this study were N-benzoyl-p-chloro- 
1)L-phCnylalanine and N-benzoyl-m-fluoro-DL-phenylalanine, which 
inhibited the test organism almost completely under the assay condi- 
tions. 


Keyphrases N-Benzoyl amino acid derivatives-antineoplastic ac- 
tivity, potential, inhibition of microbial antitumor screen, structure- 
activity relationships 0 Amino acid'derivatives-N-benzoyl, potential 
antineoplastic activity, inhibition of microbial antitumor screen, struc- 
ture-activity relationships 0 Antineoplastic agents, potential-N- 
1)rnzc)yl amino acid derivatives, inhibition of microbial antitumor screen, 
structure-activity relationships 0 Structure-activity relationships- 
N-benzoyl amino acid derivatives, inhibition of microbial antitumor 
screen 


Studies of possible antimetabolic effects of novel P-hy- 
droxyamino acids produced evidence that an otherwise 
inert amino acid could, upon N-chloroacetylation, actively 
inhibit growth of a microbial antitumor screen (1). This 
study was extended to include the N-chloroacetyl (2) as 
well as the N-acetyl(2), N-propionyl (2), and N-trifluo- 
roacetyl(3) derivatives of other amino acids, both natural 
and unnatural. Both the amino acid and the N-acyl 
moieties of the acyl amino acid were important in im- 
parting the growth-inhibitory characteristic to  the com- 
pound, since only certain amino acids and certain acyl 
groups were capable of doing so (2). 


One deterrent to using amino acid analogs as antime- 
tabolites in mammalian systems is their high toxicity (4-7). 
In view of the finding that there is an alteration in bio- 
logical properties, especially cytotoxicity, upon N-acyla- 
tion (2), more potent inhibitors might be prepared by at- 
tachment of acyl groups other than those studied previ- 
ously. Since a more lipophilic acyl group might increase the 
mobility of these compounds in a lipoid milieu such as the 
cellular membranes in mammalian systems, a benzoyl 
derivative series was prepared. These compounds were 
tested for growth inhibition in a microbial system selected 
specifically as an antitumor screen. Although the ultimate 
objective of these studies is to find compounds for cancer 
therapy, the immediate aim has been to improve the 
growth-inhibitory properties of the compounds in the 
screen described earlier. 


The present paper reports the results of these studies. 


EXPERIMENTAL 
The free amino acids except the @-hydroxynorleucines, which were 


prepared in this laboratory (8,9), were obtained commercially and were 
recrystallized from water-ethanol before use. Some N-benzoyl derivatives 
were obtained commercially and were recrystallized from ethanol-water 
I)et'ore use. Others, especially those of amino acid analogs, were prepared 
I)y the Schotten-Baumann procedure (10) and were recrystallized from 
ethanol or ethanol-water. The sources of the amino acids and of the 
I)enzoyl derivatives are shown in Table I. 


The purity of the amino acids and of the benzoyl derivatives was as- 
certained by: ( a )  Van Slyke nitrous acid determination of primary amino 
nitrogen ( l l ) ,  ( b )  optical rotation measurement, where applicable, and 
( c )  elemental analysis. In addition, the purity of the free amino acids was 
checked by paper chromatography in at least four different solvent sys- 
tems (8), and that of the benzoyl derivatives was checked by melting- 
point determination (Table I). 
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Table I-Purity of N-Benzoyl Derivatives * 
Optical Rotationd 


N-Benzoyl Melting Point [.I 1-24 Concentration Empirical Analysise, % 
Derivative Sourceb Reported Observedc Reported Observed and Solvent Formula Calc. Obs. 


L- Alanine 


DL- Allylglycine 


L-Arginine (a-mono), 
hemihydrate 


L-Aspartic acid, 
monohydrate 


p-Chloro-DL-phenylala- 


o-F!uoro-DL-phenylala- 


rn -Fluoro-DL-phenylala- 
nine 


p-Fluoro-DL-phenylala- 
nine 


L-Glutamic acid, 
hemihydrate 


Glycine 


nine 


nine 


L-Histidine, mono- 
hydrate 


8-Hydroxy-DL-norleu- 
cine A 


8-Hydroxy -DL-norleu- 
cine Bh 


L-Leucine 


L-Lysine (a-mono) 


DL-Methionine 


L-Methionine 


p-Nitro-L-phenylalanine 


DL-Norleucine 


DL-Norvaline 


L-Phenylalanine, 
hemihydrate 


8-2-Thienyl-DL-alanine 


@-3-Thienyl-~~-alanine, 


L-Threonine 


hemihydrate 


L-Tryptophan, hemi- 


L-Tyrosine ethyl ester 


hydrate 


L-Valine 


1 


1 


2 


3 


1 


1 


1 


1 


4 


4 


5 


1 


1 


3 


3 


1 


1 


1 


1 


1 


3 


1 


1 


1 


3 


5 


3 


150-151'f 150-151' 


- 112-114' 


298' dec.f 290° 


184-185'f 182' 


- i 7 a i 8 0 0  


- 189-190' 


- i 8 a m o  


- 166-168' 


137-139'f 137-138' 


187.5'f 192' 


249'f 243' dec. 


- 153-154' 


- 189-190' 


105-107'f 105-107' 


250' dec.f 258' dec. 


151'f 150-151' 


- 98' 


- 205-208' 


137' 


52-154' 


41-143' 


184' 


- 167-168' 


143-144'1 141-143' 


104-105'f 105-107' 


- 207-208' 


131-132'f. 132-134' 


+36.1° 9.3%, water + 1 Cl0HllN03 


0 2%ethanol CizHi3N03 


eq of potassium 
hydroxide 


-8.5' 1.2%, water C13HigN4034 + 1 eq of 
hydrochloric acid 


+38.Oog 9%, water + 2 
eq of potassium 
hydroxide 


0 2%,ethanol 


0 2%,ethanol 


0 2%,water + 1 


0 2%,ethanol 


eq of sodium 
hydroxide 


+16.8'g lo%, water + 2 
eq of potassium 
hydroxide 


- - 


-46.9' 6.8%, 0.5 M 
hydrochloric 
acid 


- - 


+6.5' 9.5%, 0.5 M 
potassium 
hydroxide 


+20.4' 2%, water + 1 
eq of sodium 
hydroxide - - 


-14.6' 2%, ethanol 


-72.6' 2%, ethanol 


0 2%,ethanol 


+lO.Oo 2%, 1 M 
potassium 
hydroxide 


0 2%, water 


+26.1' 0.8%, water 


-7.4' 6%, ethanol 


+24.3' 2%, ethanol 


+21.2' 4.9%, ethanol 


C 62.17 
H 5.74 
N 7.25 c 55.74 
H 5.98 
N 6.39 c 54.34 
H 6.67 
N 19.50 
C 51.76 
H 5.13 
N 5.90 
C 63.27 
H 4.64 
N 4.61 
C 66.89 
H 4.91 
N 4.88 
C 66.89 
H 4.91 
N 4.88 
C 66.89 
H 4.91 
N 4.88 


C 55.38 
H 5.42 
N 5.38 
C 60.33 
H 5.06 
N 7.82 
C 56.31 
H 5.45 
N 15.15 c 62.14 
H 6.82 
N 5.58 c 62.14 
H 6.82 
N 5.58 
C 66.36 
H 7.28 
N 5.95 
C 62.38 
H 7.24 
N 11.19 
C 56.67 
H 6.34 
N 5.51 
C 56.67 
H 6.34 
N 5.51 
C 61.14 
H 4.49 
N 8.91 
C 66.36 
H 7.28 
N 5.95 
C 65.14 
H 6.83 
N 6.33 
C 69.05 
N H 5.03 5.80 


C 61.07 
H 4.76 
N 5.09 
C 59.14 
H 4.96 
N 4.93 
C 59.19 
H 5.87 
N 6.28 
C 68.13 
H 5.40 
N 8.83 
C 68.99 
H 6.11 
N 4.47 
Q 65.14 
H 6.83 
N 6.33 


61.93 
6.03 
7.24 


65.98 
6.24 
6.44 


54.15 
6.65 


19.48 
51.85 


4.81 
5.67 


62.98 
4.77 
4.58 


67.06 
5.07 
5.14 


66.80 
4.91 
4.82 


67.21 
4.91 
5.16 


55.56 
5.24 
5.20 


60.60 
4.93 
7.86 


56.12 
5.59 


14.85 
62.09 
6.98 
5.64 


61.55 
7.02 
6.10 


66.55 
7.39 
6.01 


62.21 
7.40 


11.31 
56.42 


6.19 
5.51 


56.42 
6.18 
5.46 


60.50 
4.69 
8.62 


66.55 
7.26 
5.85 


64.98 
6.94 
6.40 


69.09 
5.82 
4.94 


61.12 
4.92 
4.79 


59.46 
4.68 
5.21 


58.99 
5.86 
6.11 


68.06 
5.57 
8.87 


68.72 
6.11 
4.49 


64.91 
6.95 
6.32 


a Van Slyke nitrous acid determination of primary amino nitrogen (11) made on a 1-ml sample containing an equivalent of 0.3 mg of amino nitrogen (when hydrolyzed) 
yielded no detectable quantity of nitrogen. Source of com ounds: 1, prepared in this laboratory; 2, ICN Pharmaceuticals, Cleveland, Ohio; 3, Vega-Fox Biochemicals, 
T u m n ,  Ariz.; 4, Nutritional Biochemicals Corp., Cleveland, 8hio; and 5, Sigma Chemical Co., St. Louis, Mo. Data on commercial products were obtained from recrystallized 
materials. c Meltin Optical rotation was determined on a Rudolph polarimeter (Rudolph 
Research, Fairfielrf !?. J.), model 80, sodium lamp, using 100-mm tubes (bore size of 3 mm) and E sample capacity of 0.7 mi. except where noted. Elemental analyses 
were erformed by the Microanalytical Laboratory, National Institute of Arthritis, Metabolism, and Digestive Diseases, National Institutes of Health, Bethesda, Md. 
I Cf., kef. 10.8 Optical rotation was measured in 50-mm tubes. Crude. 


inta (uncorrected) were determined on a FisherJohns melting-point block. 







The test solutions were prepared by adding an equivalent amount of 
0.1 N NaOH to a prescribed amount of the test compound and diluting 
to volume. and they were sterilized by filtration through an all-glass 
system’. The pH of the assay system containing the maximum amount 
of test compound was checked on a duplicate set of tubes containing 
equivalent amounts of the ingredients and was within f0.05 pH unit of 
the control tube containing all components except the test compound. 


Inhibition studies were made initially in ti system containing graded 
amounts of the test compound, i.e., 0.1-, 0.5-, and 1.0-mg/ml final con- 
centration; the highest concentration was the level specified in the mi- 
crobiological antitumor screening protocol (12). When inhibition was 
noted in this system, the active compounds were compared on an equi- 
molar basis a t  a final concentration of 4.47 pmoles/ml, which was 
equivalent to 1 mg of N-chloroacetyl-0-hydroxy-D-norleucine B2/ml, the 
compound found previously to be the most active in this system. 


The organism used was Lactobacillus casei 74693, which was carried 
on agar4, subcultured at least bimonthly, and transferred to a broth4 for 
the preparation of the inoculum. The inoculum was a 1:20 suspension of 
the washed organism in normal saline. The riboflavin assay medium4 was 
supplemented with the minimal amount of riboflavin6 (0.03 pg/ml in the 
final system) required for optimal organism growth. The assay was in- 
cubated at  37’ for 19 hr, after which growth was terminated by immersion 
01 the assay tubes in boiling water for 10 min. The extent of growth was 
determined turbidimetrically on a Klett-Summerson colorimeter 
equipped with a red filter (660 nm). The details of the assay were de- 
scribed previously (1). 


RESULTS AND DISCUSSION 


The results of the inhibition studies of 27 benzoyl derivatives of amino 
acids and amino acid analogs containing graded amounts of the test 
compounds (up to 1 mg/ml final concentration) are shown in Table 11. 
Of these, 19 showed some growth inhibition. The degree of inhibition 
ranged from a modest 13-33% for N-benzoyl derivatives of DL-allylgly- 
cine, 0-hydroxy-DL-norleucine A and B, L-leucine, L- and DL-methio- 
nines, DL-norleucine, DL-norvaline, L-phenylalanine, L-tyrosine ethyl 
ester, and L-valine to a potent 89-96% inhibition for the benzoyl deriv- 
atives of p-chloro-DL-phenylalanine and m -fluoro-DL-phenylalanine. 
Intermediate inhibition was observed with other benzoyl derivatives, such 
as those of o-fluoro-DL-phenylalanine, p-fluoro-DL-phenylalanine, p -  
nitro- L-phenylalanine, /3-2-thienyl-DL-alanine, P-3-thienyl-DL-alanine, 
and L-tryptophan. 


The activity of the “modest” inhibitor observed in these experiments 
was comparable to that observed for most of the active chloroacetyl and 
trilluoroacetyl derivatives (2,3). The “appreciable” inhibitory activity 
was considerably better than for most of the “active”compounds reported 
previously, being as active as N-chloroacetyl-8-hydroxy-D-norleucine 
B, the most active compound reported previously in this series (9). The 
activities of benzoyl-p-chloro-DL-phenylalanine and benzoyl-rn-flu- 
oro-DL-phenylalanine were the most pronounced yet observed based on 
the activity a t  1 mg/ml, the concentration limit set in the protocol (12) 
to determine the positivity of the test compounds. Hence;five benzoyl 
compounds reported here (the benzoyl derivatives of p-chloro-DL-phe- 
nylalanine, o-fluoro-DL-phenylalanine, m-fluoro-DL-phenylalanine, 
p-nitro-L-phenylalanine, and L-tryptophan) meet the criterion of posi- 
tivity. Further tests of these compounds in mammalian tumor systems 
are indicated. 


The compounds showing little or no activity were not restricted to the 
benzoyl derivatives of nonessential amino acids since, in addition to the 
benzoyl derivatives of L-alanine, L-aspartic acid, L-glutamic acid, and 
glycine, those of L-arginine, L-histidine, L-lysine, and L-threonine also 
were inactive. With the exception of benzoyl-L-tyrosine ethyl ester, 
however, the active compounds were benzoyl derivatives of essential 
amino acids or of essential amino acid analogs. 


When the 19 active compounds were compared on an equimolar basis 
(Table III), the more active ones were the benzoyl derivatives of phe- 
nylalanine analogs and the less active ones were derivatives of the alicyclic 
essential amino acid analogs. Benzoyl-L-phenylalanine and benzoyl- 


Morton bacteriological filters, ultrafine porosity, Arthur H. Thomas Co., 
Philadelphia, Pa. 


*The  diastereomeric forms are arbitrarily referred to  as Isomers A and B, the 
former moving faster and the latter slower when chromatographed on paper using 
methyl ethyl ketone-n -butanol-ammonia-water (3:5 kl),  ascending. 


American Type Culture Collection, Rockville, Md. 
Micro assay culture agar (Difco B319), micro inoculum broth (Difco 83201, and 


riboflavin assay medium (Difco B325). Difco Laboratories, Detroit, Mich. 
Calbiochem, La Jolla, Calif. 


Table  11-Effect of Na-Benzoyl Derivatives of Amino Acids a n d  
Amino Acid Analogs on Growth of L. casei 7469 * 


Concentration Inhibitionb, % 
Nm-Benzoyl a t  1 mg/ml, 0.1 0.5 1.0 
Derivative mM mg/mlc mg/mlc mg/mlc 


1.-Alanine 
IN,-AlIylglycine 
~ A r g i n i n e  (a-mono) 
].-Aspartic acid 
p-Chloro-DL-phenylalanine 
o-Fluoro-DL-phenylalanine 
m -Pluoro-DL-phenylalanine 
p-Fluoro-DL-phenylalanine 
1.-Glutamic acid 
Glycine 
1,-Histidine 
&Hydroxy-DL-norIeucine A 
p- Hydroxy-DL-norleucine B 
].-Leucine 
l.-Lysine (a-mono) 
1%-Methionine 
1.-Methionine 
p-Nitro-L-phenylalanine 
I>r,-Norleucine 
I)l,-Norvaline 
1.-Phenylalanine 
0-2-Thienyl-DL-alanine 
0-3-Thienyl-DL-alanine 
I>-Threonine 
  tryptophan 
1,-l’yrosine ethyl ester 
l,-Valine 
Benzoic acid 


5.12 
4.56 
4.60 
3.92 
3.29 
3.48 
3.48 
3.48 
3.84 
5.58 
3.61 
3.98 
3.98 
4.25 
4.00 
3.93 
3.93 
3.18 
4.25 
4.52 
3.59 
3.63 
3.52 
4.48 
3.15 
3.19 
4.52 
8.19 


0 
2 


+3 
1 
6 
5 
7 
5 


+2 
1 


+3 
3 
6 
2 
1 
2 
2 
4 
4 
2 
2 
8 
6 
2 
5 
0 
0 
3 


2 
8 


+1 
2 


60 
21 
84 
23 


1 
4 
3 
7 
9 


13 
2 
8 


10 
28 
14 
7 


14 
23 
22 
0 


28 
5 
8 
6 


8 
15 
6 
1 


89 
50 
96 
46 
+5 


8 
8 


23 
17 
26 


1 
23 
16 
56 
33 
14 
29 
44 
41 
6 


53 
16 
13 
9 


For details of apay, see Ref. 1. Turbidity readings of the inoculated control 
tuhex (containing no test compound) were 168-188 Klett units. At least three du- 
plicate determinations were made for each cornpound. The duplicate values in each 
tietermination agreed within f 5  Klett units. The standard deviation of a compound 
showitig a mean value of -20% inhibition, for example, was 2.7 and the standard 
error was 0.95. The  + indicates stimulation of rowth but was considered insignif- 
icant. Final concentration in assay system. %Free acid. 


I>L-norleucine were exceptions in that the former was somewhat less 
active and the latter was somewhat more active than other compounds 
0 1  their respective groups. The degree of inhibition by the benzoyl alicyclic 
amino acids and analogs was approximately that noted for the chloroa- 
cetyl and trifluoroacetyl amino acids (2,3). However, the degree of in- 
hibition exhibited by the benzoyl derivatives of phenylalanine analogs 
was much greater than any inhibition noted previously with the N-ac- 
ylated compounds. These results suggest that  a number of other ring- 
substituted benzoyl derivatives should be tested, and such studies are 
now in progress. 


I t  is difficult to propose a mechanism of inhibitory action from these 
experiments. However, hydrolytic release of the constituent benzoic acid 
and the parent amino acid appears unlikely as a cause of inhibition in view 
of the findings that: ( a )  benzoic acid itself was innocuous in this system 
(Table XI), ( b )  a mole equivalent of the free parent amino acid in this 
system under identical conditions exhibited less inhibition than the 
benzoyl compounds (21, (c) no free amino nitrogen was detectable in the 
test solution, indicating that no hydrolysis occurred during preparation 
of the solution, and (d )  there was no detectable increase in the amount 
of amino nitrogen after the assay (2). Nevertheless, the possibility that 
the inhibition could be due to the membrane permeability of the ben- 
zoylated derivatives and an intracellular hydrolysis of the derivatives to 
free benzoic acid and the amino acid moiety is not excluded. Since not 
all benzoyl derivatives tested were inhibitory, intracellular hydrolysis 
seems an unlikely explanation unless the acylases involved exhibited 
specificity only to certain benzoyl amino acids. 


Although the initial design of the test compounds was directed to an 
increase in lipophilic character, the present experiment, which was 
conducted solely to  note inhibitory capacities, did not investigate the 
mechanism of action, and no attempt was made to correlate the lipophilic 
character with the inhibitory activity. A study of the mechanism of action 
requires a more sophisticated system and should include an investigation 
of such properties as relative lipid solubility, partition coefficients, and 
coacervation distribution values. 


The similarity of inhibition shown by the N-benzoylated alicyclic 
amino acids with the N-chloroacetyl and N-trifluoroacetyl amino acids, 
which showed -25% inhibition (2,3), and the marked inhibition shown 
by the N-benzoylated phenylalanine analogs indicate that the mecha- 
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Table 111-Comparison of Effect of Equimolar Concentrations 
of N-Benzoyl Amino Acids and Amino Acid Analogs OF Growth 
of L. casei 7469 .a 


N-Benzovl Derivative Inhibitionb, 96 


DL- Allylglycine 
p-Chloro-DL-phenylalanine 
o-Fluoro-DL-phenylalanine 
rn -Fluoro-DL-phenylalanine 
p -Fluoro-DL-phenylalanine 
8-Hydroxy-DL-norleucine A 
B-Hydroxy-DL-norleucine B 
L-Leucine 
DL-Methionine 
L-Methionine 
p-Nitro-L-phenylalanine 
DL-Norleucine 
DL-Norvaline 
L-Phenylalanine 
B-2-Thienyl-DL-alanine 
P-3-Thienyl-DL-alanine 
L-Tryptophan 
L-Tyrosine ethyl ester 
L-Valine 


17 
94 
82 
97 
72 
14 
22 
23 
20 
18 
78 
47 
13 
39 
76 
56 
74 
26 
16 


a Maximum growth in inoculated control tube (containing no test compound) 
was 1%-176 Klett units. For explanation of extent of variation of values, see foot- 
note to Table 11. * Concentration was 4.47 pmoles/ml and was the final concen- 
tration in the assay system. For details of assay, see Ref. 1. 


nisms of inhibition of these compounds could be dissimilar. Certain tumor 
systems, as well as bacterial and mammalian asparaginase and glutamine 
synthetase, are inhibited by carbobenzoxy, phenacetyl, and phenylpro- 
pionyl amino acids (13-15). 


Most compounds exhibiting notable inhibitory activity in the present 
studies were benzoyl derivatives of phenylalanine analogs. Therefore, 


it will be interesting to test the activity of these compounds against 
melanomas, wherein the phenylalanine metabolism is believed to  be 
intimately involved. In view of the effect of similar compounds on 
mammalian tumor systems and certain isolated enzyme systems (13-15), 
the study of the activity of the compounds in asparaginase-sensitive tu- 
mors is also indicated. 
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Abstract The degradation kinetics of a new cephalosporin derivative 
( I )  in aqueous solution were investigated at  60°, j~ = 0.5, a t  pH 2.0-10.0. 
The observed degradation rates followed pseudo-first-order kinetics and 
were influenced significantly by H20 and OH- catalysis. No primary salt 
effect was observed in the acid region, but a positive salt effect was ob- 
served at  pH 9.4. A general base catalytic effect by a phosphate buffer 
species was observed a t  pH 7-8. The pH-rate profile for I exhibited a 
degradation minimum at pH 6.05. The Arrhenius activation energies 
determined at pH 4.0 and 9.4 were 27.2 and 24.5 kcal/mole, respectively. 
Excellent agreement between the theoretical pH-rate profile and the 
experimental data supported the hypothesized degradation process. A 
comparison of I and wfazolin revealed close structural and stability an- 
alogies. 


Keyphrases 0 Cephalosporins-derivatives, degradation kinetics, 
aqueous solution, compared to cefazolin 0 Antibacterial agents-ceph- 
alosporin derivatives, degradation kinetics, aqueous solution, compared 
to cefazolin 0 Pharmacokineth-pephalosporin derivatives, degrada- 
tion, aqueous solutionn. compared to cefazolin 


Yamana and Tsuji (1) reported the comparative stability 
of several commercially available cephalosporin derivatives 
including those with an a-amino group in their side chain 
(e.g., cephalexin, cephradine, and dephaloglycin) and those 


lacking the side-chain a-amino group (e.g., cephalothin, 
cephaloridine, and cefazolin). Cephalosporins possessing 
the a-amino group may be administered orally, and 
cephalexin and cephradine have the highest stability of the 
derivatives investigated. Cephalosporins lacking the 
a-amino group are not administered orally, and cefazolin 
in particular is very unstable in the acid pH rkgion. 


This report describes the stability kinetics of a new 
cephalosporin derivative, 3- [ 2- (5-methyl- 1,3,4- thiadia- 
zyl)mercaptomethyl]-7-[~-( -)-mandeWdo]-3-cephem - 4- 
carboxylic acid sodium salt (I) (Table I). Of the cepha- 
losporin derivatives previously investigated (l), I most 
closely resembles cefazolin. These two compounds have 
the same RP group but different R1 groups. The continued 
investigation of cefazolin-like derivatives appears to be 
warranted in view of the clinical advantages of cefazolin 
over other cephalosporins (2). 


BACKGROUND 


As a result of previous studies (1,3), the following conclusions may be 
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Abstract  Myoinositol uptake by rat hepatocytes in uitro was studied. 
Adult rat hepatocytes were prepared by digestion of the perfused liver 
with collagenase. Cell suspensions were incubated with tritium-laheled 
myoinositol in pH 7.4 Krehs bicarbonate solution containing 1% gelatin 
a t  37”. 14C-Carbon-laheled polyethylene glycol was used as a marker of 
adherent extracellular fluid volume. Myoinositol uptake was demon- 
strable after 5 min of incuhation, but no intracellular concentration in 
excess of that in the incubation medium was observed after 60 min of 
incubation. Uptake saturation over a wide myoinositol concentration 
range could not be demonstrated. Neither the omission of sodium ions 
nor the inclusion of ouabain suppressed the distribution ratio signifi- 
cantly. Metabolic inhibitors and lower temperatures also showed no ef- 
fect. Hexoses, phlorizin or mannitol, exerted no observable effect on 
myoinositol uptake. The results indicated that myoinositol uptake by 
rat hepatocytes is probably a passive process. 


Keyphrases 0 Myoinositol-uptake by hepatocytes, in uitro, rats, 
pharmacokinetics Hepatocytes-myoinositol uptake, pharmacoki- 
netics, in uitro, rats 0 Liver-myoinositol uptake, in uitro, pharmaco- 
kinetics, rats 


The liver plays a predominant role in lipid metabolism. 
Under normal conditions, the influx of nonesterified fatty 
acids into the liver from the serum is counterbalanced by 
the formation of lipoprotein, which is transported back to 
the blood. The whole process requires myoinositol. In 
myoinositol-deficient animals, fatty livers often can be 
observed since the rate of fatty acid transport to the liver 
from the adipose tissue exceeds the capacity of the liver 
to mobilize the lipid and to transport it back to  the plasma 
(1, 2). The administration of myoinositol to myoinositol- 
deficient animals often can alleviate the fatty liver con- 
dition. 


BACKGROUND 


Myoinositol has long been considered to be a lipotropic agent because 
of its ability to prevent and remove fat deposits in the liver (3,4). This 
lipotropic action is thought to be due to stimulation of hepatic transfer- 
able phosphatidylinositol synthesis. Once formed, the phosphorylated 


myoinositol can be utilized in P-lipoprotein production in the endo- 
plasmic reticulum. ‘The newly synthesized P-lipoprotein is transported 
from the liver to the blood (4). In addition, exogenous myoinositol inhihits 
any further deposition of either liver triglycerols or cholesterol and causes 
the removal of the lipids deposited during the myoinositol-deficiency 
period (5-7). 


Although there is much evidence that myoinositol is transported into 
the small intestine (8 ) ,  kidney (9-12). central nervous system (13-16), 
and crystalline lens (17-19) uia a specific carrier-mediated system, he- 
patic uptake of myoinositol has not been studied in spite of its well-known 
lipotropic activity. Hauser (1 1 ) reported that the radioactive myoinositol 
distrihution ratio in liver slices is less than one-half of the radioactivity 
in the incubation medium, while the hepatic myoinositol concentration 
in uiuo is similar to that of plasma; higher hepatic than blood myoinositol 
concentrations also were observed (20,21). 


In recent years, the use of isolated hepatocytes for various biochemical 
and pharmacological studies has gained wide acceptance (22). Studies 
with isolated liver cells can clarify certain molecular aspects of the 
transport system, such as binding and metabolism, while cellular integrity 
is maintained. 


The purpose of this study was to investigate hepatic myoinositol uptake 
using liver cells freshly isolated from normal adult rats. 


EXPERIMENTAL 


Male rats’, 200-300 g, were housed in groups in wire-bottomed cages 
in an air-conditioned room ( 2 3 O ) .  They received regular laboratory chow 
and water without restriction. 


The methods of liver perfusion and cell isolation were described pre- 
viously (23, 24). Cell viability was determined by the exclusion o f  0.26 
trypan blue from the cells and was frequently checkeJby incubating the 
cells with a-aminoisobutyric acid, which is actively accumulated by the 
hepatocytes (23). Cell pellets, following the final wash of the isolation 
procedure, were resuspended in 10 volumes of pH 7.4 Krebs-Ringer bi- 
carbonate buffer containing 1% gelatin. 


Uptake studies were performed by placing 5 ml of the final cell sus- 
pension (50-80 mg wet weight/ml of suspension) into 25-ml plastic er- 
lenmeyer flasks. Under control conditions, the cell suspensions contained 
a trace amount of [2-3H(N)I-myoinosito12 (3 jiCi/nmole/100 ml of sus- 
pension) with or without 0.1 pmole of nonlaheled myoinositol/ml. In 


1 Charles River Breeding Lahoratory. Wilmington, Mass 
2 New England Nuclear Corp., Boston, Mass. 
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Table I-Time Course of Myoinositol Uptake as the Distribution 
Ratio between Intracellular Fluid and  Medium a 


Table 11-Effect of Inhibitors Added In Vitro on 
Myoinositol Uptake a 


~~ 


Minutes 
Nonlabeled Myoinositol (M) 


0 I x 10-4 


5 0.66 f 0.04 0.92 f 0.08 
15 0.83 f 0.09 0.89 f 0.11 
30 0.90 f 0.09 0.96 f 0.18 
45 1.24 f 0.20 - 
60 1.10 f 0.16 1.06 f 0.04 
90 1.14 f 0.20 0.91 f 0.14 


Inhibitor Concentration, M Percent of Control 


None - 
Sodium free - 
Ouabain 1 x 10-4 
2.4-Dini trophenol 1 x 10-4 
Potassium cyanide 1 x 10-3 


5 x 10-3 
N-Ethvlmaleimide 1 x 10-4 


100.0 f 6.1 * 
98.0 f 12.2 


103.3 f 2.1 
107.7 f 25.5 
95.1 f 6.1 


100.0 f 6.1 
93.9 f 2.4 


a Hepatocytes were incuhated at 37". Incubations were terminated at different 
times. Values are means f SD (n  = 4).  


experiments with a sodium-free medium, tromethamine buffer? was used 
and sodium chloride was replaced by tromethamine chloride (23,241. The 
flasks were shaken in a metabolic shaker a t  37' under an atmosphere of 
95% 02-5% COn for various times. 


A t  the end of the incubation period, 1 ml of the cell suspension was 
removed, placed into a preweighed microcentrifuge tube4, and centrifuged 
for 30 sec in a mi~rocentrifuge~. The supernate was removed, and the tube 
was weighed. The cell pellets were resuspended in 15011 of distilled water, 
transferred into an 8-m1 counting vial, and digested at room temperature 
with 0.5 ml of tissue solubilizer6 for 16-24 hr or until a clear solution was 
obtained. Absolute methanol, 250 pl, was added with mixing, and then 
5 ml of scintillation cocktail7 was added. 


An aliquot of the supernate was placed into an 8-ml scintillation vial 
containing 6 ml of scintillation fluid8. The extracellular aqueous volume 
was determined by incubating hepatocytes in the presence of L4C-poly- 
ethylene glycol2 for varying times. The I4C- and 3HH-radioactivity was 
measured in a liquid scintillation counterY using methods for double- 
isotope counting that correct for quenching and I4C-activity appearing 
in the "-channel. Results were corrected on this basis to account for 
extracellular myoinositol trapping. The distribution ratio ( I I M )  is re- 
ferred to as the ratio of intracellular to medium (or extracellular) con- 
centrations. 


The extent of macromolecular myoinositol binding was estimated by 
the following procedures. A t  the end of 5 and 60 min of incubation, 10 ml 
of cell suspension was centrifuged a t  lo00 rpmI0 for 1 min; the supernate 
was removed by pipet. The cell pellets were washed with 10 volumes of 
ice-cold Krebs bicarbonate buffer, resuspended in an equal volume of 
0.05 M phosphate buffer (pH 7.2), and sonicated. Then 0.5 ml of the cell 
extract was placed on a 0.9 X 8-cm column", equilibrated with 0.05 M 
phosphate buffer (pH 7.2), and eluted with the same buffer. One-half- 
milliliter fractions were collected and counted in 6 ml of scintillation 
fluid. 


Formation of myoinositol metabolites during the transport process 
was tested by TLC using an acetone-water (91)  solvent system (25). The 
sonicated solution was deproteinized with five volumes of absolute 


Hepatocytes were incubated at 37" for 30 min in the presence of various in- 
hibitors or the omission of sodium. * Each value is expressed as the mean f SD from 
three to four determinations. All values were not significantly different from the 
control ( p  > 0.05). 


methanol. The methanol solution was concentrated under an air stream 
and placed on the instant thin-layer plateI2 (5 X 20 cm). After develop- 
ment, the nonsprayed chromatogram was cut into strips (1 cm wide), and 
the radioactivity of each strip was measured by counting it with 6 ml of 
scintillation fluid. Authentic myoinositol was cochromatographed with 
all samples tested. 


RESULTS 


When isolated liver cells were incubated under normal conditions with 
radioactive myoinositol, the initial uptake rate was rapid. Uptake was 
demonstrable after 5 min of incubation; however, the entry rate decreased 
over time (Table I). Equilibrium was reached after 30 min of incubation, 
and further incubation did not increase the intracellular myoinositol 
concentration. When 0.1 mM of nonlabeled myoinositnl was added to 
the incubation medium, the initial entry rate increased significantly while 
the distribution ratio remained unchanged after prolonged incuba- 
tion. 


The concentration dependence of myoinositol uptake also was inves- 
tigated. There was no evidence of uptake saturation over a wide my- 
oinositol concentration range (0.1-4.8 mM) (Fig. 1). 


T o  test whether hepatic myoinositol uptake is energy dependent, 
isolated hypatocytes were incubated in the presence of various metabolic 
inhibitors. Myoinositol uptake was not altered significantly by such in- 
hibitors (Table 11). 


The specificity of myoinositol uptake by isolated liver cells also was 
examined. The addition of glucose or galactose (5 mM) did not appre- 
ciably affect the distribution ratio (Table 111). Similarly, phlorizin (0.1 
mM) or mannitol(5 mM) produced no measurable effect on myoinositol 
uptake. 


The extent of myoinositol and tissue binding is depicted in Fig. 2. 


NO N LAB E LE D MY 0 I NOS IT0 L, mM 


Figure I-Effect of myoinositol concentration on 5-min in uitro my- 
oinositol uptake into hepatocytes. Data are expressed as means f SD. 
Each point is the mean of four determinations. 


Tris(hydroxymethyl)aminomethane. Sigma Chemical Co., St. Louis, Mo. 
4 Brinkmann Instruments, Westbury, N.Y. 
6 Centrifuge 3200. Brinkmann Instruments, Westbury, N.Y. 


Unisol, Isolab, Akron, Ohio. 
7 Unisol-complement, Isolab, Akron. Ohio. 


Scintisol, Isolab, Akron, Ohio. 
Model 3375, Packard Instrument Co., Chicago, 111. 


lo Sorval GLC-I, Dupont Instruments, Newtown, Conn. 
11 Bio-Gel P-2. Bio-Rad Laboratories, Richmond, Calif. 


FRACTION NUMBER 


Figure 2-Chromatographic identification of free and bound my- 
oinositol. Radioactiuity found in the aqueous hepatocyte extract after 
5 and 60 min of incubation with labeled myoinositol was chromato- 
graphed on 0.9 X 8-cm Rio-Gel P-2 columns equilibrated with 0.05 M 
phosphate buffer (pH 7.2) and eluted with the same soluent. Authentic 
3HH-myoinositol was cochromatographed as a control. Key: @, my- 
oinositol standard; X, after 5 min; and 0, after 60 min. 


Gelman Instrument Co., Ann Arbor, Mich. 
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Table 111-Effects of Sugars and Analogs on the 
Myoinositol Uptake a 


~~~ ~ 


Concentration, Percent of 
Addition M I/Mb Control 


None - 0.91 f 0.04 100.0 f 4.4 
GI ucose 5 x 10-3 0.95 f 0.22 104.4 f 24.2 
Galactose 5 x 10-3 0.79 f 0.19 86.8 f 20.9 
Mannitol 5 x 10-3 0.91 f 0.07 100.0 f 7.7 
Phlorizin I x 10-4 0.81 f 0.17 89.0 f 18.7 


LI Hepatocytes were incubated with 1 X lO-‘M myoinositol a t  87’ for 30 min in 
the presence of various agents. Distribution ratio between intracellular and me- 
dium concentration. Each value ia the mean of four determinations with the stan- 
dard deviation. All values were not significantly different from the control ( p  > 
0.05). 


Cellular extracts were chromatographed on small columns. Only a small 
portion of the transported molecules was associated with the cellular 
macromolecules while most myoinositol existed in a free state. Some 
metabolic myoinositol alterations apparently took place during the ex- 
perimental period (Fig. 3). 


DISCUSSION 


Although numerous studies demonstrated that isolated rat liver cells 
can transport various substances into the cellular compartment by a 
specific carrier-mediated process (22-241, the present study indicated 
that myoinositol probably enters the hepatocytes by a nonenergy-re- 
quiring, noncarrier-mediated process. The nature of hepatic myoinositol 
uptake appeared to be different from the transport systems for my- 
oinositol in various biological systems (8-19,26-31). 


The failure of hepatocytes to establish a concentration gradient after 
prolonged incubation demonstrated that hepatic myoinositol uptake is 
not cumulative. Although demonstrable amounts of intracellular my- 
oinositol were observed after 5 min of incubation, the distribution ratio 
(IIM) rose slowly with time and reached unity after 30 min of incubation. 
The IIM ratio remained around one throughout the experimental period. 
Addition of nonlabeled myoinositol (0.1 mM) did not change the distri- 
bution ratio significantly. The absence of saturation kinetics (Fig. 2) in 
the present study suggested a passive diffusion process. 


Myoinositol uptake also was not dependent on metabolic energy. As 
shown in Table 11, inclusion of an uncoupling agent (2,4-dinitrophenol), 
a cellular respiration poison (potassium cyanide), or sulfhydryl blocking 
agents (iodoacetic acid and N-ethylmaleimide) in the incubation medium 
did not cause any significant inhibition. Likewise, ouabain, a “sodium- 
pump” inhibitor, also showed no effect. Replacement of sodium ions also 
did not inhibit cellular myoinositol uptake. 


The competitive inhibition of hexoses and phlorizin on the transport 
of myoinositol has been reported in various biological systems (8,10,13, 
16, 18). The present experiment (Table 111). which demonstrated that 
hepatic myoinositol uptake was not inhibited by monosaccharides or a 
sugar-carrier inhibitor (phlorizin), also strongly suggests that  hepatic 
myoinositol uptake is not a carrier-mediated process. 


Although myoinositol plays an important role in lipoprotein formation 
in experimental animals (5-7), the present study could not demonstrate 
significant myoinositol binding to hepatocyte macromolecules, nor was 
myoinositol metabolized significantly during the experimental periods. 
There are similar findings in the choroid plexus (13, 16) and the crys- 
talline lens (17). 


The results obtained with ouabain, sodium-free medium, metabolic 
inhibitors, and a lack of saturation all lead to the suggestion that my- 
oinositol uptake into the hepatic parenchymal cells is probably by a 
passive mechanism. 
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Abstract 0 The microencapsulation and dissolution of undecenovan- 
illylamide (I), a potential coyote-aversive agent for use on sheep, were 
studied. While I has been shown to protect sheep, its short duration of 
action makes it economically unfeasible. Compound I microcapsules were 
prepared, and optimum conditions for encapsulation via complex co- 
acervation were determined. Microcapsules that were hardened for 0.5, 
1, and 2 hr, as well as I powder, were characterized according to their 
dissolution. Longer hardening times resulted in slower release, with all 
encapsulated I forms being released slower than the powder. The disso- 
lution tm for unencapsulated powder was less than 3 min; for microcap- 
sules hardened for 30 min, the dissolution tm was 7.3 min; for those 
hardened 60 min, the t m  was 17.7 min; and for those hardened 120 min, 
the tw was 28 min. The encapsulated I would have a longer field life and, 
therefore, might be a viable economic and ecologic answer to coyote 
protection for sheep. 


Keyphrases 0 Undecenovanillylamide-coyote deterrent, microen- 
capsulation, dissolution 0 Coyote deterrents-undecenovanillylamide, 
microencapsulation, dissolution Microencapsulation-coyote deter- 
rent, undecenovanillylamide, dissolution 0 Dissolution-coyote deter- 
rent, undecenovanillylamide, microencapsulation 


Predator control has been a continual problem for Rocky 
Mountain area ranchers. This problem is compounded 
when the predator attacks sheep since almost all survival 
instinct has been bred out of the sheep to facilitate herding. 
While destruction of the coyote has been attempted, it is 
not an acceptable alternative to nondestructive control. 


Recently, a chemical solution to this problem has shown 
promise'. Undecenovanillylamide (I) was shown to be an 
effective coyote deterrent when used as a spray or dip on 
sheep. Undecenovanillylamide, a pungent, hot-tasting 
chemical, is applied as a suspension in water or as a dilute 
isopropanol solution. When a sheep is attacked, the coyote 
usually discontinues the attack after taking a superficial 
bite; theoretically, a conditioning response has occurred. 
There are apparently no problems for the sheep except 
that I is useful for only 2 or 3 weeks and is not water re- 
sistant. The possibility of I encapsulation by complex 
coacervation was considered as a means of extending the 
effective I life (ideally for a summer season) and of de- 
creasing the susceptibility of I to weather conditions. 


Each possible encapsulation system has particular 
problems and specific microencapsulaticn requirements. 
Optimum encapsulation procedures for one chemical may 
be useless for a seemingly similar system. While many 
encapsulation methods exist, microencapsulation via 
complex coacervation was most applicable for I since the 
acacia-gelatin mixture imparts a stickiness to the micro- 
capsules so that they adhere better to the wool. 


EXPERIMENTAL 


Microcapsule Preparation-All chemicals were used as supplied by 
the manufacturer. The basic procedure was previously reported (1); 
Scheme I shows the encapsulation procedure for I. The drug was passed 


R. J. McColloch and A. Palmieri, University of Wyoming, Laramie, Wyo., un- 
published results. 


gelatin (200 ml) 


50" 


1-4% 
I 


acacia (200 ml)  
l+% 


I 
5 0" 


I I 
pH 6.5-7.0 pH 6.5-7.0 


L mix-5 g of r I 
1 
4 


adjust to p H  3.0 with 0.1 N.HC1 


4 g of colloidal silica 


J above gelation temperature 
-------------------.__ - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  


chill .c 


t. 


1 


add 40 ml of  37% formaldehyde for  0.5-2 hr  to 
harden capsules 


filter 


resuspend in isopropanol .c 
t 


filter 


dry 
Scheme I-Microencapsulation of undecenouanillylamide via complex 


coacerua tion. 


through a No. 200 sieve before encapsulation. By varying the percent 
gelatin-acacia and the hardening time, microcapsules with different re- 
lease rates were recovered. 


Dissolution Studies-The dissolution rate of pure I powder and mi- 
crocapsules containing I was determined. The dissolution method was 
the flask method. A 500-ml round-bottom flask with a hole cut to allow 
stirrer insertion was filled with 300 ml of pH 6.5 buffer. A water bath 
maintained at 30' kept the dissolution medium at a constant temperature 
throughout dissolution. A flat, three-blade metal propeller with 2.5-cm 
blades was centered in the flask and immersed in the dissolution fluid 
to 35 mm. A constant-speed motor was calibrated to provide a 120-rpm 
stirring rate. 


For all determinations, a known weight of I powder or microcapsules 
was added down the side of the flask. Samples of the dissolution fluid, 
2 ml, were withdrawn at selected times with a pipet fitted with a glass wool 


I I I I  I I I I I I I I I I I 1  I I I I 0 1  I I I 1  I I I I I I I I I I ,  1 
30 60 90 120 150 180 210 240 270 300 330 360 


MINUTES 
Figure 1-Dissolution versus time profiles for undecenovanillylamide 
powder and microcapsules hardened for various times. Key: 0, powder; ., microcapsules hardened for 0.5 hr; 0, microcapsules hardened for 
1 hr; and A, microcapsules hardened for 2 hr. 
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Table I-In Vitro Dissolution tso versus Hardening Time for 
Undecenovanillylamide Microcapsules a 


Hardening Time, I n  Vitro Dissolution t50, 
min min 


Unencapsulated <3 
30 7.3 
60 11.7 


1 3n 28.0 


a r = 0.98149. 


plug to ensure that undissolved drug was not included. An equivalent 
volume of fresh buffer and the glass wool plug were added to the flask 
after each withdrawal. The samples were then assayed spectrophoto- 
metrically a t  280 nm after appropriate dilution with pH 6.5 buffer. Each 
determination was done a t  least in triplicate. 


RESULTS AND DISCUSSION 


Since encapsulation uia complex coacervation occurs best a t  low colloid 


.- c l z O F  
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I 
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J' 
I l l  I 1  I 1 1 1  I 1 1  1 1  1 1  1 


10 20 30 
IN VlTRO t S 0 ,  min 


Figure 2-Hardening time versus in vitro t50for undecenovanillylamide 
microcapsules. 


concentrations and when acacia and gelatin are employed in a 1:l ratio 
(2). 1-4% concentrations were studied. There were no beneficial aspects 
a t  the higher concentration, so the 1% colloid concentrations were used 
to produce the least cohesive powder. The colloidal silica was added to 
aid in production and did, in fact, lead to easier microcapsule recovery 
as a dry, noncohesive powder. 


The resuspension of the product in isopropanol for dehydration was 
successful with only 30% isopropanol. Lower concentrations did not result 
in a free-flowing powder, and higher concentrations destroyed the shell 
wall integrity. 


Figure 1 shows the percent release uersua time data for the various 
dosage forms studied. Each determination is the average of at least six 
dissolution profiles. Dissolution results for the powder and encapsulated 
forms of I indicate that the microencapsulated forms exhibited slower 
dissolution. The capsules hardened for 0.5 hr  featured rapid initial re- 
lease. This initial release may result from the soft shell and the large 
amount of unencapsulated I. The profiles in Fig. 1 are in rank order with 
hardening times; there was a definite delayed, sustained release for en- 
capsulated 1. 


T o  explain the drug dissolution from the microcapsules, the release 
of the act,ive ingredient through leaching or diffusion may be examined. 
For such release to occur, the dissolution medium must penetrate the wall 
to the nucleus, dissolve I, and then permeate out through the shell wall. 
Any of these processes may be rate limiting. 


The effect of increased hardening times on the release profile is readily 
apparent. Since the dissolution t50 indicates the central tendency of the 
data, that  point was chosen to compare release (Table I). There was a 
direct linear correlation ( r  = 0.98149) between microcapsule hardening 
time and the dissolution t50 values (Fig. 2). 
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Abstract A simple one-step method for the N-alkoxymethylation of 
barbituric acids and hydantoins is presented. The compounds are N -  
met hoxymethylated or N-ethoxymethylated using phosphorus pentoxide 
and dimethoxymethane or diethoxymethane, respectively, in a chlori- 
nated solvent. l-Methoxymethyl-3-ethyl-5-phenylhydantoin showed 
significant anticonvulsant activity in the subcutaneous pentylenetetrazol 
test, while 1,3-bis(methoxymethyl~-.5-ethyl-5-(p-toly~)barbituric acid 
was inactive. 


Keyphrases N-Alkoxymethylharhituric acids-syntheses, anticon- 
vulsant activity, structure-activity relationships 0 N-Alkoxymeth- 
ylhydantoins-syntheses, anticonvulsant activity, structure-activity 
relationships Anticonvulsants-N-al koxymethylbarbituric acids and 
N-alkoxymethylhydantoins, syntheses, structure-activity relation- 
ships 


N -  Alkoxymethyl derivatives of barbituric acids and of 
hydantoins were recently synthesized, and several deriv- 


atives were shown to possess significant anticonvulsant 
activity in animal tests (1-4). One, 1,3-bis(methoxy- 
methy1)phenobarbital (I), was studied in epileptic patients 
with promising results (5). 


BACKGROUND 


The original preparation of the N-alkoxymethyl derivatives involved 
alkylation of the barhituric acid or hydantoin alkali salt with chloro- 
methyl methyl ether (11) (1-4). Since the latter reagent is a potent car- 
cinogen (6-8), its use is highly restricted (9). Therefore, alternatives for 
the preparation of I have been sought, and two appeared in%he patent 
literature. One method (10) is based on the preparation of 1,3-bis(chlo- 
romethy1)phenobarbital from phenobarbital, formaldehyde, acetyl 
chloride, hydrochloric acid, and a Lewis acid. These conditions are likely 
(1 1, 12) to result in the formation of bis(chloromethy1)ether (III), another, 
even more potent, carcinogen (8). 1,3-Bis(chloromethyl)phenobarbital 
was converted to I using sodium methoxide in methanol (10). The second 
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Benoxaprofen, a New Anti-Inflammatory Agent: Particle-Size 
Effect on Dissolution Rate and Oral Absorption in Humans 
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Abstract The particle-size effect of benoxaprofen, a new nonsteroidal 
anti-inflammatory agent, on the in uitro dissolution rate and oral ab- 
sorption in humans was evaluated. Ten normal subjects participated in 
a randomized crossover-designed absorption study with two sieved 
particle-size formulations: one with crystals larger than 60 mesh (mean 
equivalent spherical diameter = 640 pm) and the other with crystals 
smaller than 100 mesh (mean equivalent spherical diameter = 67 pm). 
Plasma drug concentrations and urinary drug excretion were used to 
determine the relative absorption of the two formulations. The standard 
USP procedure was used for the dissolution study. Particle size had a 
dramatic effect on both the in uitro drug dissolution and its oral ab- 
sorption in humans. In uitro, the smaller crystals dissolved more rapidly 
and more efficiently than the larger crystals. In uiuo, the smaller crystals 
produced higher plasma concentrations, more rapid peak concentration 
attainment, and more drug excreted in the urine. 


Keyphrases Benoxaprofen-effect of particle size on dissolution rate 
and oral ahsorption in humans 0 Dissolution rate-benoxaprofen, effect 
of particle size 0 Absorption, oral-henoxaprofen, effect of particle size 
0 Anti-inflammatory agents-benoxaprofen, effect of particle size on 
dissolution rate and oral absorption in humans 


~~ ~~ 


The particle size of sparingly soluble drugs (drugs that 
are practically insoluble in aqueous fluids a t  physiological 
pH) can affect their dissolution rate in uitro (1-7). Simi- 
larly, the rate and extent of drug absorption can be reduced 
in uiuo when dissolution in GI fluids is limited by particle 
size (2,8-11). In several cases, rank correlations were ob- 
tained between sparingly soluble drug dissolution in uitro 
and absorption in uiuo (12). In several instances, drug 
dissolution improved when particle size was reduced, 
probably because an increased surface area was available 
for dissolution. 


Certain physicochemical properties of the experimental 
an ti -inflammatory compound benoxaprofen, dl -2- (4- 
chlorophenyl)-a-methyl-5-benzoxazoleacetic acid, indicate 
that its dissolution in uitro and its absorption in uiuo might 
be affected by altering its crystal particle size. It is a crys- 
talline solid at  room temperature. The pKa in 66% di- 
methylformamide is 6.9, and its solubilities a t  25' in 
phosphate buffer at pH 5.0,6.0,7.0, and 7.6 are 4.4,21,207, 
and 835 pg/ml, respectively'. 


I The pKa and soluhilities of t)enoxaprofen were determined at the Lilly Research 
I.ahoratories, Indianapolis, Ind., by Dr. R. F. Childers. Jr. (unpublished data). 


Because of benoxaprofen's low aqueous solubility and 
its largely unionized, lipoid-soluble form in the GI tract, 
a rate-limiting step in oral absorption could be drug dis- 
solution in the GI fluids. This report describes the rela- 
tionship between drug particle sizes and dissolution rates 
in uitro and the effect of particle sizes on oral bioavail- 
ability in humans. 


EXPERIMENTAL 


Dosage Preparation-GLC showed benoxaprofen' to be 99.996, pure. 
Two particle-size fractions were isolated using US .  standard mesh sieves. 
One fraction contained particles larger than 60 mesh (mean diameter = 
640 pm), and one contained particles less than 100 mesh (mean diameter 
= 67 pm). The individual fractions were mixed with corn starch USP in 
a laboratory blender?. The blends were hand filled into size 2 gelatin 
capsules, each containing 100 mg of benoxaprofen and 180 mg of 
starch. 


Dissolution Study-The assembly and conditions used to study the 
dissolution rate and extent of the two drug particle sizes are described 
in USP XIX (13). The dissolution assemhly consisted of four variable- 
speed stirring motors attached to four basket and shaft assemblies with 
a three-blade stainless steel propeller mounted on each basket shaft 
immediately above each basket, four 3-liter beakers, and a water bath 
a t  37 f 0 5 O .  The dissolution medium for each determination was 2 liters 
of pH 7.6 phosphate buffer. One capsule was placed in each basket and 
rotated a t  100 rpm. Four capsules from each formulation were tested. 


Five-milliliter aliquots were withdrawn a t  20,60, and 120 min using 
a pipet fitted with a suitable filter. Aliquots withdrawn were not replaced 
with corresponding volumes of the dissolution medium4. After the 
120-min sample withdrawal, the basket contents were quantitatively 
transferred to the remaining dissolution medium, a stirring bar was 
added, and the mixture was magnetically stirred (at  >500 rpm) for -1 
hr. A final aliquot was then taken. The benoxaprofen content in each 
specimen was measured spectrophotometrically. 


Clinical Study-In humans, the benoxaprofen availability from the 
dosage forms containing the two different particle sizes was compared 
on the hasis of plasma unchanged drug concentration and of urinary 
excretion of the unchanged drug and i ts  glucuronide conjugate. 


Twelve healthy males participated in the study after being informed 
of the objectives, potential risks, and procedures. The subjects were 21-33 
years and within an acceptable weight range (14). According to a ran- 
domized crossover design, each subject received a single oral 100-mg drug 
capsule. Two weeks elapsed between the single doses of the two parti- 


Synthesized at the I.illy Research Centre in England. 
Twin-Shell. 


4 Corrections were made for changes in dissolution volume in calculations of the 
percent of drug released at each period. 


050 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 7, July 1979 


0022-35491 79l0700-0850$0 1.00/0 
@ 1979, American Pharmaceutical Association 







Table I-Analyses of Variance (Mean Squares) 


Plasma Concentrations 
Source d f  0.5 hr 1 hr 1.5 hr 2 hr 3 hr 6 hr 9 hr 12 hr 


Subject 9 0.67 2.80 4.40 5.58 2.65 3.50 3.50 2.66 
Day 1 0.04 0.90 0.02 5.33 0.08 0.56 0.13 0.11 
Mesh 1 6.44O 62.926 156.75 349.396 342.0Sb 80.10b 44.00b 47.63 
Residual 8 0.95 3.90 6.15 4.09 1.39 1.23 2.75 0.97 


(7 d f )  (7 d f )  
Plasma Concentrations 


Source d f  24 hr 48 hr 72 hr 96 hr Peak 
Time of 


Peak Area Urine 


Subiect 9 1.20 0.60 0.36 0.22 4.47 4.87 5.842.13 X5.16 _. _ _  1 -  ~ 


D a y  1 0.04 0.04 0.33 0.07 1.28 1.52 726.1Sb 0.02 
Mesh 1 16.28b 2.86b 0.600 ’( 0.13 208.03 41.42b 95,631.95 938.56 
Residual 8 0.45 0.14 0.11 0.04 5.21 2.70 1.93 1.58 14.49 


p < 0.05. p < 0.01. 


cle-size formulations. This period represents about 10-12 plasma dis- 
appearance half-lives of the unchanged drug. 


All subjects fasted overnight (at  least 8 hr) before dosing. No food or 
liquid, except water, was permitted for a t  least 2 hr after the study dose, 
when a standard light meal was offered. Water, ad libitum, was permitted 
during this period. All doses were taken with 180 ml of water. After dosing, 
subjects remained ambulatory or sitting for a t  least 2 hr. 


Blood samples (10 ml) were obtained by venipuncture at 0,0.5,1,1.5, 
2,3,6,9,12,24,48,72, and 96 hr after dosing. The samples were hepari- 
nized and centrifuged; the plasma was collected and frozen until assayed. 
Total urine samples were collected every 6 hr for 24 hr and then daily 
through Day 4; the volume was measured and aliquot8 were frozen until 
assayed. 


The plasma benoxaprofen concentration was determined by GLC after 
extraction and derivatization. Fifty micrograms of the mass internal 
standard, 2-(3,5-dichlorophenyI)-cu-methyl-5-benzoxazoleacetic acid, 
in 1 ml of 0.01 M NaOH was added to 1 ml of plasma. The plasma proteins 


lrnl 
8 I / / 


MINUTES 
Figure I --I)issolution (if  two benoxaprofen particle-size formulations 
using the standard (USP X I X )  2-hr in vitro procedure. Key: ., crystals 
larger than 60 mesh; 0 ,  crystals smaller than 100 mesh; and - - -, results 
of vigorous magnetic stirring for an additional 1 hr. Each data point 
represents the mean of four assays with standard error. 


were precipitated with 2 ml of 10% trichloroacetic acid, and the mixture 
was extracted with 9 ml of 20% (v/v) hexane in ethyl acetate. The organic 
phase containing the drug and the internal standard was back-extracted 
into 5 ml of 0.3 M NanP04. The aqueous phase was recovered, made acidic 
with 2 ml of 1 M HCI, and reextracted with 5 ml of methylene chlo- 
ride. 


The organic phase was recovered and evaporated to dryness at 50’ 
under a nitrogen stream, and the residue was treated with diazomethane 
in methylene chloride containing 10% (v/v) methanol. After evaporation, 
the derivatized material was dissolved in a small volume of methanol and 
analyzed by GLC using a0.61-m X 3-mm i.d. glass column of 80-100-mesh 
Chromosorb W-HP coated with 2% OV-7. Chromatographic conditions 
were: injection temperature, 250O; column oven temperature, 235’; and 
flame-ionization detector temperature, 275O. Quantitation was by elec- 
tronic integration. 


The urine benoxaprofen concentration was measured as the sum of 
the unchanged free form plus the amount resulting from glucuronide 
conjugate hydrolysis (15). The analytical technique was the same as for 
plasma, except that  the urine plus the added internal standard was 
treated with fl-gluc~ronidase~ before extraction to hydrolyze the glucu- 
ronide metabolite to the free drug and glucuronic acid. 


RESULTS AND DISCUSSION 


The in uitro dissolution of the two benoxaprofen particle sizes is il- 
lustrated in Fig. l. %ice as much benoxaprofen dissolved from the small 
particle formulation a t  each sampling time as from the large particle 
formulation. except the final sampling after an additional hour of vigorous 
stirring (>500 rpm with stirring bar). Since the medium would be only 
6% of saturation if the 100 mg of drug dissolved, it was expected that both 
particle sizes would dissolve completely during this additional period of 
vigorous stirring. Instead, even under these relatively extreme conditions, 
the large particles dissolved relatively poorly. 


12 24 48 7 2  96 
HOURS 


Figure 2-Plasma unchanged bpnoxaprofen concentrations after oral 
dosing with 100 mg of two particle-size formulations. Key  m, crystals 
larger than 60 mesh; and 0, crystals smaller than 100 mesh Each data 
point reprpsents the mPan of 10 subjects with standard error 


-~ ~~ 


Kekidase. General Diagnostics, Murris Plains, N.J. 
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Figure 3-Cumulatiue urinary benoxaprofen excretion (unchanged 
plus glucuronide metabolite) after oral dosing with 100 mg of two par- 
ticle-size formulations. Key: ., crystals larger than 60 mesh; and ., 
crystals smaller than 100 mesh. Each data point represents the mean 
of 10 subjects with standard error. 


The average large particle dissolution after vigorous stirring was 87% 
of the drug in the capsules; the corresponding value for the small particles 
was 10296. Large particle dissolution also was more variable than disso- 
lution of the small particles. Relative standard deviations for the average 
20-, 60-, and 120-min large particle dissolution values were 26.7.9.0, and 
9.4, respectively; the.corresponding determinations for the small particles 
were 25.6,4.1, and 1.8. 


These in uitro studies show that the dissolution of the two sieved 
benoxaprofen fractions containing particles with an -10-fold difference 
in mean diameter was significantly different. 


In the clinical study, two subjects withdrew after one dose for reasons 
other than those relating to drug dosing. The plasma data from the 10 
subjects who completed the study are depicted in Fig. 2. Particle size 
dramatically affected both the rate and extent of GI benoxaprofen ab- 


sorption. The calculated mean peak plasma concentration (12.0 jtg/ml) 
for the small particle sizes was twice that for the large ones (5.5 pg/ml). 
Differences were also reflected in the calculated mean time to peak, 3.2 
uersus 6.2 hr, and the area under the mean plasma concentration-time 
curve, 357 uersus 213 pg/hr/ml (0-96 hr). 


The difference in benoxaprofen absorption from the two formulations 
also was reflected in the urinary drug and metabolite excretion (Fig. 3). 
An average of -2036 of the drug in the small particle formulation was 
excreted in the first 24 hr as the free plus glucuronide form compared to 
about 9% with the large particle formulation. Total drug excreted in the 
urine during the 96-hr collection averaged 35 and 21 m g  respectively. 


That  the differences in absorption noted were due to particle size is 
supported by analyses of variance (Table I) on the timed plasma levels, 
peak values, time to peak, area under plasma concentration-time curve, 
and total urinary drug excretion. The p value was <0.01 for all variables 
except the 0.5-, 72-, and 96-hr plasma levels. 
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Specificity of Nitroglycerin Assays Table I-Interference with Nitroglycerin Determination by 
Different Nitroglycerin Degradation Products 


Keyphrases Nitroglycerin-analysis, stability, various procedures 
compared 0 Vasodilators, coronary-nitroglycerin, stability analysis, 
various procedures compared 0 Stability-nitroglycerin, analysis, various 
procedures compared 


To the Editor: 


Recently? intravenous nitroglycerin was shown to be 
beneficial in the management of acute myocardial in- 
farction and of left ventricular failure (1, 2). This thera- 
peutic use has sparked renewed interest in the determi- 
nation of nitroglycerin stability in solutions. Several 
studies (3-5) demonstrated that while nitroglycerin infu- 
sion is stable when stored in glass containers, significant 
drug adsorption onto plastic intravenous bags does 
occur. 


Suphajettra et al. (6) examined nitroglycerin stability 
at elevated temperatures in various nonaqueous solvents 
and found appreciable drug degradation only in polyeth- 
ylene glycol 400. These investigators employed the Bell (7) 
and kinetic (8,9) assays for their stability study and found 
that the former method gave an apparently slower degra- 
dation rate. They proposed that a reaction complex se- 
questered nitroglycerin from detection when using the 
kinetic assay but that this reaction complex was broken 
down during the workup in the Bell method. If this hy- 
pothesis is correct, then the Bell procedure is not stability 
indicating. Since neither of these assays involved a sepa- 
ration step, it is also possible that the difference in the 
observed rates was due to a difference in the extent of in- 
terference produced by nitroglycerin degradation products 
such as glyceryl dinitrates, glyceryl mononitrates, inorganic 
nitrate, and nitrite ions. Thus, the assay that is subject to 
interference from degradation products will produce an 
artifactually slower degradation rate. 


Since comparative information on the specificity of ni- 
troglycerin assays is not available, we examined the three 
most used methods-uiz., the Bell (7), the kinetic (8,9), 
and the USP (10) procedures, for potential interference 
by nitroglycerin degradation products. Aqueous nitro- 
glycerin solutions (-300 pg/ml), standardized by the USP 
procedure, were assayed in duplicate in the separate 
presence of approximately equimolar concentrations of the 
glyceryl dinitrates' and mononitrates'. Inorganic nitrate2 
and nitrite2 ions were present a t  three times this concen- 
tration. Since the USP procedure requires a rather tedious 
column separation for each sample, some workers (6) have 
omitted it. This modified USP method was examined also 
for potential interference by nitroglycerin degradation 
products. 


The degree of interference is expressed as an apparent 
molar interference factor, defined as the fractional change 
in spectrophotometric absorbance seen in the presence of 
an equimolar concentration of the potentially interfering 
substance. For example, an apparent molar interference 
factor of +0.50 indicates that when the interfering sub- 
stance is present a t  equimolar concentration, the nitro- 


' Supplied by Arnar-Stone Laboratories! McCaw Park, IL 60085. 
As potassium nitrate and sodium nitrite, respectively, both Baker analyzed 


reagents, J. T. Baker Chemical Co., Phillipsburg, NJ 08865. 


Apparent Molar Interference Factor" 


Kineticb BellC USPd USP 
Modified 


Assay 


1,2-Glyceryl 
dinitrate 


1,3-Glyceryl 
dinitrate 


1-Glyceryl 
mononitrate 


2-Glyceryl 
mononitrate 


Nitrite ion 


+0.01 
+0.01 
+0.02 
+0.03 
-0.03 
-0.03 
-0.02 
-0.02 


0.00 
0.00 


Assay 


+0.01 
0.00 


+0.03 
+0.02 
-0.01 
-0.05 
-0.03 
+0.01 
+0.36 
+0.36 


Procedure 


+0.02 
-0.05 
-0.02 
-0.07 
-0.07 
-0.04 
-0.09 
-0.07 
+0.01 


0.00 


Procedure 


f0.70 
+0.46 
+0.60 
+0.50 
+0.25 
+0.28 
+0.22 
t0.19 
f0.39 
+0.40 


Nitrate ion 0.00 -0.02 -0.01 +0.38 
0.00 -0.01 +0.01 +0.40 


By duplicate determinations. References 8 and 9. Reference 7. Reference 
10. 


glycerin absorbance would be artifactually increased by 
50%. Ideally then, a stability-indicating assay should have 
an apparent molar interference factor close to zero for all 
possible degradation products. 


Table I shows the apparent molar interference factors 
produced by each nitroglycerin degradation product as 
measured by duplicate determinations in each assay. 
Within the limits of assay variation, the kinetic and USP 
assays were stability indicating. The Bell assay, which is 
effected uia hydrolysis and subsequent reaction of the 
nitrite ion produced, showed predictable interference from 
inorganic nitrite. This finding is relevant if nitroglycerin 
degradation in solution produces nitrite ion. Ayres et al. 
(1 1) studied base-catalyzed nitroglycerin hydrolysis and 
found -2 moles of nitrite ion formed for each mole reacted. 
Under the hydrolysis and reaction conditions of the Bell 
assay, the glyceryl dinitrates, mononitrates, and inorganic 
nitrate did not interfere. The modified USP method was 
nonspecific for nitroglycerin, and all substances tested gave 
positive interference in this procedure. This finding em- 
phasizes the necessity of the column separation step in the 
USP procedure when specificity for nitroglycerin is de- 
sired, particularly when assaying a primary standard upon 
which all subsequent determinations are based. 


The numerical values of the apparent molar interference 
factors were in general accord with stoichiometric con- 
siderations. Thus, when interference occurred, the glyceryl 
dinitrates gave about two-thirds of the absorbance value 
generated by an equimolar amount of nitroglycerin while 
the glyceryl mononitrates, inorganic nitrite, and nitrate 
ions gave approximately one-third of this value. Com- 
parison of the kinetic and USP procedures showed that 
there was more apparent assay variability with the latter. 
This result was reflected by the larger coefficient of vari- 
ation found for the USP procedure (CV = 4.6%) n = 14) 
compared with that for the kinetic method (CV = 1.696, n 
= 14). 


Since the kinetic and USP assays were shown to be free 
from interference from potential degradation products of 
nitroglycerin, stability studies may be conducted with ei- 
ther procedure. 


(1) J. T. Flaherty, P. R. Reid, D. T. Kelly, D. R. Taylor, M. L. Weis- 


(2) J. T. Flaherty, P. C. Come, M. C. Baird, J. Rouleau, D. R. Taylor, 
feldt, and B. Pitt, Circulation, 51, 132 (1975). 
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Specificity of Nitroglycerin Assays: 
A Response 


Keyphrases 0 Nitroglycerin-analysis, stability, various procedures 
compared Vasodilators, coronary-nitroglycerin, stability analysis, 
various procedures compared 0 St~hility-nitroglycerin, analysis, var- 
ious procedures compared 


To the Editor: 
This response will attempt to  clarify several points 


raised by Morrison and Fung (1) concerning a report by 
Suphajettra et al .  (2), which had discussed the possible 
formation of an interaction compound or complex between 
nitroglycerin in solution and polyethylene glycol 400. It was 
then suggested (2) that a loss of nitroglycerin “stability” 
had occurred due to  the sequestering effect on it, which 
prevented its analysis by both UV (3) and colorimetric (4) 
techniques. As a result, the different apparent nitroglyc- 
erin degradation rates due to polyethylene glycol 400 (Fig. 
1) as determined by these two methods simply reflected 
the relative recoveries of intact nitroglycerin or the “as- 
sayable” compound, attributable on one hand to “the more 
drastic hydrolysis procedure employed in the Bell method, 
which result.ed in a relatively greater breakdown of the 
reaction compound . . .” (2). I t  was not our intention to  
imply that a basic deficiency existed with the UV-kinetic 
assay for determining free nitroglycerin molecules. 


Furthermore, the term stability was used generically in 
the context of the report to describe not only degraded 
molecules but also those firmly bound or sequestered and, 
consequently, not available for analysis. Inasmuch as 
colorimetric nitroglycerin determination depends on the 
successful breakdown, in some stoichiometric fashion, of 


Percutaneous Butyrolactone 
Absorption in Rat.s 


Keyphrases Butyrolactone-percutaneous absorption, with and 
without depilation, rats 0 Hypnotics-butyrolactone, percutaneous 
absorption, with and without depilation, rats 


To the Editor: 
Butyrolactone (I) is a relatively nontoxic hypnotic agent 


when administered intravenously and orally to  rats (1,2). 
When I is introduced into the systemic circulation, it is 
instantaneously and completely converted to y-hydroxy- 
butyric acid (11). The latter is an endogenous substance in 
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Table 111-Comparison of Effect of Equimolar Concentrations 
of N-Benzoyl Amino Acids and Amino Acid Analogs OF Growth 
of L. casei 7469 .a 


N-Benzovl Derivative Inhibitionb, 96 


DL- Allylglycine 
p-Chloro-DL-phenylalanine 
o-Fluoro-DL-phenylalanine 
rn -Fluoro-DL-phenylalanine 
p -Fluoro-DL-phenylalanine 
8-Hydroxy-DL-norleucine A 
B-Hydroxy-DL-norleucine B 
L-Leucine 
DL-Methionine 
L-Methionine 
p-Nitro-L-phenylalanine 
DL-Norleucine 
DL-Norvaline 
L-Phenylalanine 
B-2-Thienyl-DL-alanine 
P-3-Thienyl-DL-alanine 
L-Tryptophan 
L-Tyrosine ethyl ester 
L-Valine 


17 
94 
82 
97 
72 
14 
22 
23 
20 
18 
78 
47 
13 
39 
76 
56 
74 
26 
16 


a Maximum growth in inoculated control tube (containing no test compound) 
was 1%-176 Klett units. For explanation of extent of variation of values, see foot- 
note to Table 11. * Concentration was 4.47 pmoles/ml and was the final concen- 
tration in the assay system. For details of assay, see Ref. 1. 


nisms of inhibition of these compounds could be dissimilar. Certain tumor 
systems, as well as bacterial and mammalian asparaginase and glutamine 
synthetase, are inhibited by carbobenzoxy, phenacetyl, and phenylpro- 
pionyl amino acids (13-15). 


Most compounds exhibiting notable inhibitory activity in the present 
studies were benzoyl derivatives of phenylalanine analogs. Therefore, 


it will be interesting to test the activity of these compounds against 
melanomas, wherein the phenylalanine metabolism is believed to  be 
intimately involved. In view of the effect of similar compounds on 
mammalian tumor systems and certain isolated enzyme systems (13-15), 
the study of the activity of the compounds in asparaginase-sensitive tu- 
mors is also indicated. 
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Abstract The degradation kinetics of a new cephalosporin derivative 
( I )  in aqueous solution were investigated at  60°, j~ = 0.5, a t  pH 2.0-10.0. 
The observed degradation rates followed pseudo-first-order kinetics and 
were influenced significantly by H20 and OH- catalysis. No primary salt 
effect was observed in the acid region, but a positive salt effect was ob- 
served at  pH 9.4. A general base catalytic effect by a phosphate buffer 
species was observed a t  pH 7-8. The pH-rate profile for I exhibited a 
degradation minimum at pH 6.05. The Arrhenius activation energies 
determined at pH 4.0 and 9.4 were 27.2 and 24.5 kcal/mole, respectively. 
Excellent agreement between the theoretical pH-rate profile and the 
experimental data supported the hypothesized degradation process. A 
comparison of I and wfazolin revealed close structural and stability an- 
alogies. 


Keyphrases 0 Cephalosporins-derivatives, degradation kinetics, 
aqueous solution, compared to cefazolin 0 Antibacterial agents-ceph- 
alosporin derivatives, degradation kinetics, aqueous solution, compared 
to cefazolin 0 Pharmacokineth-pephalosporin derivatives, degrada- 
tion, aqueous solutionn. compared to cefazolin 


Yamana and Tsuji (1) reported the comparative stability 
of several commercially available cephalosporin derivatives 
including those with an a-amino group in their side chain 
(e.g., cephalexin, cephradine, and dephaloglycin) and those 


lacking the side-chain a-amino group (e.g., cephalothin, 
cephaloridine, and cefazolin). Cephalosporins possessing 
the a-amino group may be administered orally, and 
cephalexin and cephradine have the highest stability of the 
derivatives investigated. Cephalosporins lacking the 
a-amino group are not administered orally, and cefazolin 
in particular is very unstable in the acid pH rkgion. 


This report describes the stability kinetics of a new 
cephalosporin derivative, 3- [ 2- (5-methyl- 1,3,4- thiadia- 
zyl)mercaptomethyl]-7-[~-( -)-mandeWdo]-3-cephem - 4- 
carboxylic acid sodium salt (I) (Table I). Of the cepha- 
losporin derivatives previously investigated (l), I most 
closely resembles cefazolin. These two compounds have 
the same RP group but different R1 groups. The continued 
investigation of cefazolin-like derivatives appears to be 
warranted in view of the clinical advantages of cefazolin 
over other cephalosporins (2). 


BACKGROUND 


As a result of previous studies (1,3), the following conclusions may be 
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Table I-Structural Comparisons between I and Cefazolin 
0 


O H  


Cephalo- Substituents 
soorin R1 R., DKa 


I 


H 
N-N 


2.50" 
CH, 


b H  
N=Y N-N 


N-C CH , 
Cefazolin I ,N-CH,- --SqSk 1.70,2.E14~, 2.38' 


.. - -.-.> 


The pKa was determined speetro hotumetrically and apparently refers to the 
carboxylic acid group (present study). The pKa of 1.70 WBS determined kinetically 
and apparently refers to the thiadiazole moiety; pKa 2.54 was determined poten- 
tiometrically and refers to the carboxylic acid group (Ref. 1). The pKa of 2.38 was 
determined potentiometrically at 60' (Ref. 10). 


offered concerning the effect of substituent changes at R1 on degradation 
rates of cephalosporin derivatives at various pH values: 


1.  Substituent changes at  R1 appear to have little effect on the rate 
constants for H+- and OH--catalyzed hydrolysis. Cephalothin and 
cephaloglycin with identical R2 groups but different R1 groups have 
nearly identical rate constants for H+ and OH- catalysis (I). 


2. Substituent changes at R1 may affect the shape of the pH profile 
in the neutral pH region. Thus, cephalosporins with an a-amino group 
at HI show a sharp rise in their pH profiles at pH 6.0-8.0, and they also 
show an inflection point at pH -8.0 (1). 


Furthermore, a comparison of the rate constants for substituted 
phenylcephalosporins reveals a 3.2-fold range in the rate constants for 
spontaneous hydrolysis. A similar comparison for the two phenylde- 
acetylcephalosporin derivatives shows no such change. In view of these 
structure-activity relationships, the effect, if any, of structural change 
at  Rl in I would be expected to appear in the neutral pH region. 


EXPERIMENTAL 


Materials-Compound I' was purified from acetic acid-water. All 
other chemicals were reagent grade. The water used for buffers was 
freshly distilled from a stainless steel still2. 


Buffer Solutions-The following buffers were used in the kinetic 
studies: hydrochloric acid-potassium chloride3 (pH 2.0), citrate buffer 
(pH 3.0,4.0,5.0, and 5 3 ,  phosphate buffer (pH 6.0,6.5,7.0,7.5, and KO), 
and carbonate buffer (pH 9.4 and 10.0). They were freshly prepared by 
dissolving hydrochloric acid, citric acid, monobasic sodium phosphate, 
or sodium bicarbonate together with potassium chloride in distilled water 
and adjusting the pH with drops of concentrated sodium hydroxide. The 
pH readings were made using a research pH meter4 equipped with a 
com bination electrode?. 


The buffers were 0.1 M with respect to hydrochloric acid and citrate, 
phosphate, and carbonate ions (except when a buffer effect was investi- 
gated) and were adjusted to an ionic strength of 0.5 with potassium 
chloride except when primary salt effects were investigated. 


Kinetic Procedure-Approximately 200 mg of I was accurately 
weighed and dissolved in 200 ml of appropriate buffer, which had been 
heated to 60' to produce a 1.99 X M concentration. At this tem- 
perature, degradation proceeded at  a rate convenient for analysis. The 
llasks were kept at 60° in a constant-temperature oil bath with a precision 
01 f0.106. 


Two 10-ml samples were withdrawn at appropriate intervals, which 
had been determined after preliminary studies. The samples were cooled 
in an ice bath and analyzed. 


Analytical Procedure-Residual intact I was determined iodome- 
trically using a procedure similar to that of Finholt et al. (4) for penicillin 


I SK&F Laboratories, Philadelphia, Pa. 
2 Barnstead. 
3 The hydrochloric acid- otassium chloride buffer contained 5% N,N-dimeth- 


5 Fisher Scientific Co. 


ylacetamide to solubilize I gelow pH 3.0. 
Beckman Instruments. 


Philadelphia Roto-Stat. 


10 


pn 2.0 P '  
\ pn 8.4 


I I I I I I 
1 2 3 4 5 6 


HOURS 


Figure 1-Pseudo-first-order plots for the degradation of f a t  various 
p H  values, 60°, and p 0.5. 


From the reaction solutions, two 10-ml samples, A and B, were pipetted 
into separate 125-ml erlenmeyer flasks. To A, 5 ml of 1 N NaOH was 
added. After the sample stood 15 min at  room temperature, 5 ml of 1 N 
HCl, 20 ml of acetate buffer [35% (w/v) sodium acetate; 42.4% (v/v) acetic 
acid], and 25 ml of 0.02 N iodine7 were added. To B, 20 ml of acetate 
huf'fer and 25 ml of 0.02 N iodine were added. 


The flasks were stoppered and kept in darkness for 3.5 hr at room 
temperature. The excess iodine in both samples was then titrated with 
0.025 N sodium thiosulfate using Thyodene as an indicator8. The dif- 
ference between the two titration values gave the amount of iodine 
equivalent to the amount of I present. The iodine equivalence for I was 
calculated to be 12, and each milliliter of 0.02 N iodine was equivalent 
to 5.2 mg of I. 


pKa Determination at 60"-The pKa of I was determined spectro- 
photometrically (5) using a spectrophotometeP with a thermostatically 
controlled cell compartment. Compound I was dissolved sequentially in 
a series of buffer solutions to a concentration of 0.08 mg/ml, and spectra 
were obtained between 240 and 400 nm. The buffers were: 0.1 N HC1; 0.1 
M chloroacetic acid adjusted to pH 2.2,2.4,2.8, and 3.2; 0.1 M formic acid 
adjusted to pH 4.4; and 0.1 M phosphoric acid adjusted to pH 6.0. The 
adjustments were made with 0.1 N KOH at 60° on a research pH meter. 
Each solution of I yielded A,,, = 268 nm with an isosbestic point a t  292 
nm. Equation 1 was used to estimate a pKa = 2.50 for I a t  268 nm: 


pKa = pH + log [(di - d ) / ( d  - d ~ ) ]  (Eq. 1) 


where d, is the ionized species absorbance at pH 6.0, dM is the nonionized 
species absorbance at pH 1.0, and d is the absorbance at intermediate 
pH. 


RESULTS AND DISCUSSION 


Heaction Order and Observed Rate Constants-The degradation 
of  1 followed pseudo-first-order kinetics at constant pH, temperature, 
and ionicstrength at pH 2.0-10.0. This result is shown by the linear log 
concentration versus time plots a t  60" in Fig. 1. The pseudo-first-order 
rate constants, hob, for each pH value are given in Table I1 together with 
associated buffer species fractions, f .  The number of half-lives over which 
the data were collected was 1-5 X t1/2, depending on the pH. 


7 Iodine, 0.1 N ,  Harleco. 


9 Cary model 15. 
Standards were freshly prepared by appropriate dilution before each study. 
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Table 11-Observed Rate Constants for  Degradation of I and Buffer Species Fractions, f, at 60" and p = 0.5 


PH 
Buffer 


System"** 


2.0 
3.0 
4.0 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
9.4 


10.0 


HCl/KCl 
Citrate 
Citrate 
Citrate 
Citrate 
Phosphate 
Phosphate 
Phosphate 
Phosphate 
Phosphate 
Carbonate 
Carbonate 


Species Fractions 
f HaA fH2A- fHA2- fA3- fHA-  fA2- 


- 
0.635 
0.637 
0.130 
0.030 
0.776 
0.523 
0.257 
0.099 
0.034 
- 
- 


- 
0.032 
0.319 
0.650 
0.468 
0.224 
0.477 
0.743 
0.901 
0.966 
- 
- 


kObE5, 


min-1 x 103 
24.01 
5.96 
1.77 
0.647 
0.623 
0.606 
0.626 
0.749 
1.43 
2.22 


35.5 
114.2 


4 The ionization constants for the citrate and phosphate buffers at 60' and p = 0.5 are from Ref. 4. For citric acid and citrate ions, pK1 = 2.72, pK2 = 4.30, and pK3 = 
6.47. For dihydrogen phosphate ion, pKn = 6.54. The ionization constant for bicarbonate ion at 60° and p = 0.5 is pK2 = 10.25 from Ref. 11. b Buffer species fractions 
were calculated according to Ref. 12. 


General Acid-Base Catalysis-The catalytic effects of buffer speeies 
tor the citrate, phosphate, and carbonate buffers were investigated at  
constant pH, temperature, and ionic strength in solutions containing 1 
m g  of Urn]. For each buffer system, the rate constant, koh,  was deter- 
mined experimentally as a function of buffer concentrations of 0.05-0.2 
M. The observed rate constants and corresponding buffer concentrations 
are given in Table 111. 


The results in Table 111 indicate that kobs is independent of citrate 
buffer concentration at  pH 3 and 4. Since the dominant citrate species 
in solution at these pH values are H3A, HzA-, and HA2- (Table I), these 
species may be disregarded as general acid-base catalysts. The citrate 
Iiuffer effect was not investigated at pH 5.5, where the dominant species 
are HA'- and A3-, but A3- also may be disregarded as a catalyst because 
of the close fit obtained for the pH-rate profile without it. 


Figure 2 illustrates the variable effect of phosphate buffers on the 
degradation of I a t  pH 6.0-8.0. Based on Tables I1 and 111, it is apparent 
that HzPO; is the dominant species in solution at pH 6, where the rate 
constant is independent of buffer concentration, while HPOq- is the 
dominant species in solution at  pH 7.0 and 7.5, where the rate constant 
is increasingly dependent on buffer concentrations. These trends suggest 
that HPOi- is a general base catalyst within the phosphate buffer region. 
An attempt to estimate the rate constant, k ~ p o p ,  for the catalytic effect 
was based on: 


kobs = ko + k"[P]  (Eq. 2) 


where ko is the rate constant at zero buffer concentration, [PI is the total 
buffer concentration, and: 


k" = (kHPO:-)(fHP@,-)  (Eq. 3) 


where fHP@,- = Kz/(aH+ + K 2 ) .  


Table 111-Effect of Buffer Concentration on the Pseudo-First- 
Order Rate Constants for I Degradation at 60" and II = 0.5 


k o b ,  min-' X lo3 
pH (Buffer) 0.05M 0.10M 0.15M 0.20M 


3.0 (citrate) 
4.0 (citrate) 
6.0 (phosphate) 
6.5 (phosphate) 
7.0 (phosphate) 
7.5 (phosphate) 
8.0 (phosphate) 
9.4 (carbonate) 


6.43 5.96 - 6.00 
1.80 1.77 1.73 - 
0.594 0.606 - 0.598 
0.686 0.626 - 0.643 
0.724 0.749 - 0.790 
1.18 1.43 - 1.92 
1.68 2.22 2.61 - 
- 35.5 35.7 37.8 


Table IV-Values of ko and k" Estimated from Eq. 3 


PH ko, min-1 x 103" k", M-' min-' X 


6.0 0.599 - 
6.5 0.626 - 


7.0 0.703 0.437 
7.5 0.932 4.97 
8.0 1.48 9.28 


0 ko kab independent of buffer effects. * k" = second-order rateconstant for 
buffer effects. 


Equation 3 predicts a zero intercept wheh k" (Table IV) is plotted 
against fHp0,2-  (Table II), but a plot of the appropriate values for these 
constants yielded a relatively large negative intercept (-2.783 X M-' 
min-I), which was significantly different from zero at the 80% confidence 
level. Furthermore, k" should vary to the same extent as fHp0: -  when 
the pH is varied. This was not the case since the relative k" values were 
1, 11.4, and 21.2 at  pH 7.0,7.5, and 8.0, respectively, while the relative 
f H p O f -  values were 1.0, 1.2, and 1.3. Either HPOt- is not the sole con- 
tributing catalytic species or its activity is far greater than predicted from 
its pKa. 


Table 111 further indicates that kobs is independent of the carbonate 
buffer concentration at pH 9.4. At this pH, HCO; is the dominant species 
in solution (Table 11) and may, therefore, be excluded as a general base 
catalyst. 


Primary Salt Effect-The primary salt effect on the hydrolysis of 
I was studied at constant pH and temperature, but the ionic strength was 
varied with potassium chloride addition. Studies were conducted a t  pH 
4.0 and 9.4 where general base catalysis was absent and secondary salt 
effects would be unimportant. The data a t  these pH values for ionic 
strength, p, 0.3-1.0 are given in Table V. 


Within restricted ranges of p, plots of log k o b  versus 6 or G/ 
(1 + 4) should yield theoretical slopes equal to ~AZAZB, where A is a 
constant for the solvent a t  a given temperature and ZA and ZB are the 
charges on reaction species A and B, respectively (6). While such plots 
would be expected to be linear only within limita of the Debye-Huckel 
expressions, Carstensen (7) recently reviewed kinetic salt effects in the 
pharmaceutical literature to show that plots utilizing f ior  &/(l+ fi) 
may be linear with ionic strength 21.0. This author pointed out that the 
use of 4/( 1 + 6) instead of 4 at  higher ionic strengths more fre- 


* 
E! 
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. f '  


$l 


8 
t 


2 


W 


a 
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m 
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v) 


pH 1.0 3 
1 " " .. pH 6.0 


TOTAL PHOSPHAT'E CONCENTRATION, moleslliter 
Figure 2-Plots of kob versus the total phosphate buffer concentration 
for the degradation of I a t  various pH values, 60°, and p = 0.5. 
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Table V-Effect of Ionic Strength (p )  on Pseudo-First-Order 
Rate Constants for I Degradation at pH 4.0 and 9.4 


- l . 3 t  


' 0.2 0.3 0.4 0.6 0.6 0.7 0.8 0.9 1.0 1.1 
1 1 1 1 1 1 1 1 1 1  


&OR&l(l +&I  
Figure 3-Plots of log kobs versus 4 (A and 0) or * / ( I  + 4) (0) 
/or the degradation of I at 60° and pH 4.0 and 9.4. 


quently produces values of 2 . 4 2 ~ 2 ~  that are in agreement with theo- 
retical values. 


The data from Table V were used in preparing plots of log kohs uersus 4 and G/(l + 4) in Fig. 3. A larger positive kinetic salt effect was 
obtained at pH 9.4 when the data were plotted with G/(l+ 4) than 
with 6, for which the slopes were 1.47 and 0.48, respectively. This result 
can be used as evidence for the reaction between two negatively charged 
species. By contrast, a kinetic salt effect was not observed at pH 4.0 (Fig. 
31, and this result requires that a t  least one reactant be noncharged. 


pH-Rate Profile-Values of log ko (i.e., log k o b  independent of buffer 
effects) were plotted versus pH to yield the pH-rate profile for I (Fig. 4). 
In the absence of general base and intramolecular catalyses, the following 
specific acid-base reactions can be written for the hydrolysis of I, where 
HC stands for the nonionized form and C- represents the ionized 
form: 


k i  
HC + H+ -products 


Scheme I 


HC + H20 - products 
Scheme II 


HC + OH- -+ products 
Scheme I11 


C- + H+ - products 
Scheme IV 


k s  
C- + H20 -products 


Scheme V 
k6 


C- + OH- -products 
Scheme VI 


Of these reactions, Schemes 11, V, and VI are sufficient to yield an 
excellent fit to the data as shown by the theoretical solid line in Fig. 4. 
The rate expressions associated with these reactions, expressed in terms 
ol'the total I concentration, [ a ] ,  are: 


-d[HC]/dt = k;fHC[a] (Eq. 4) 


-d[C-]/dt = k;fc-[a] (Eq. 5) 


d[C-] /d t  = ks[OH-]/c-[a] (Eq. 6) 


k z  


k3  


k4 


WherefHc = aH+/ (aH+ + &),/c- = Ka/(aH+ + KO), k ;  = k2[H20], and 
hi  = k~[Hz0].  


The overall rate is given as a sum of these reactions as expressed by: 


-d [a ] /d t  = k & ] .  (Eq. 7) 


(Eq. 8)  
where: 


ko = k;fHC + kac- + k6[OH-]fc- 


koh, min-1 X 103 
B pH 4.0 pH 9.4 


0.3 1.66 31.1 
0.4 1.62 33.3 
0.5 1.79 35.5 
0.7 - 41.6 
0.8 1.80 - 
1.0 1.71 50.7 


Schemes 11, V, and VI are compatible with the results of the ionic 
strength analysis. Thus, Scheme VI requires a positive kinetic salt effect 
(Fig. 3, pH 9.4) while Schemes I1 and V require a zero kinetic salt effect 
(Fig. 3, pH 4.0). The experimental slope of 1.47 at  pH 9.4, however, is not 
in exact agreement with the theoretical value of 1.092 (7), and this dis- 
parity is not explained. These schemes also are compatible with the ex- 
perimental slope values in the various regions of the pH-rate profile. 
Based on the data points a t  pH 8.0,9.4, and 10.0, a slope of 0.95 is ob- 
tained compared with the theoretical value of 1.0 for Scheme VI. Within 
the plateau region, the zero slope is in agreement with that expected 
theoretically for Scheme V. From the data points a t  pH 2.0,3.0, and 4.0, 
a slope value of -0.57 is obtained, which is intermediate to the theoretical 
extremes of -1.0 and 0 for Scheme I1 alone. This result is reasonable 
because of the variations in /HC within this pH region (Eq. 4). 


The exclusion of Schemes I, 111, and IV from the analysis may he ra- 
tionalized as follows. Scheme I would probably contribute a much greater 
negative component to pH 2.5-4.5 than the actual value of -0.57 since 
the theoretical slope = -2.0 when K, > (IH+ and provided that k~ (aH+)2 
> kpaH+. Scheme I also predicts a slope of -1.0 when O H +  > K, (pH < 
%.5), but this low pH region was not investigated because of the low sol- 
ubility of I below pH 2. Scheme I11 is potentially compatible with the 
plateau effect when K,  > aH+, but this reaction would require the unlikely 
value of k3 = lo7 (K3 = kohs K,/Kwr(erp)). Scheme IV was rejected on the 
hasis of the ionic strength data since this reaction would require a negative 
kinetic salt effect at, pH 4.0. 


Estimates of k;, k b ,  and k13 were obtained from a simultaneous solution 
of ko (h. 8) at  pH 2.0,6.0, and 10. The terms /HC and fc- were calculated 
as descrihed with K ,  = 3.162 X and [OH-] calculated according 
to: 


[OH-] = aOH-/Y+ 0%. 9a) 


100. 


10 


z 
X 


a 0 


1 


I I I I I I I I I I  
1 2  3 4 5 6 7 8 9 10 


PH 


Figure 4-Log ko-pH profile /or the degradation of I in aqueous solu- 
tion at 60° and p = 0.5. The points are experimental values, and the 
solid line is the theoretical curve calculated from Eq. 8. 
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Table VI-Rate Constants and Arrhenius Activation Parameters for I Deiradation in Buffer Solutions at II = 0.5 


PH T koh, min-' X 103 E,, kcal/mole log A, mind' AH*, kcal/mole AS*, cal/deg/mole 


4.0 35O 0.0624 27.2 15.1 - - 
450 0.277 - - 
60° 1.77 - - 


9.40.b 35O 1.77 24.5 14.6 23.8 -1.98 
450 5.91 - - (11.9) (13.9) 
fioo 32.5 - - 


- - - - 


- - 


a Activation parameters calculated for 60' using the following equations: k o b  = [ ( e k T / h ) e A S * / R e - E . l R T ,  where ek/h = 5.664 x 1010 deg-1 sec-1 and m* = & - 
RT (13). Values in parentheses are corrected values discussed in the text. 


Table VII-Stability Comparisons between I and Cefazolin: ko = k&c + kbfc- + k~[OH-]fc- a 


Parameter I Cefazolin 


ko, min-I (35' and p = 0.5) 
PH 4 
pH 9.4 


PHmi" 
I-,',, kcal/mole 
AH *. kcal/moled 


6.24 x 10-5 
1.77 x 10-3 
6.05 (60') 


24.5 (pH 9.4) 
11.9 


6.66 X 


5.95 (35') 5.51 (60°)c 
1.03 x 10-3 b 


28.5 (pH 10) 
14.8 11.7 


24.3 (PH 5.5) 


In Ref. 1 ,  k; = k,, kb = ko, and ko = k,H. Values for cefazolin were computed from rate constants given in Table 111 of Ref. I. Data for cefazolin are from Ref. 10. 
d Values for the enthalpy of activation are corrected for the heat of ionization of water. 


[OH-] = Kw(exp)/aH+Y* (Eq. 96) 


where Kw(e.p) = aH+aOH-  = 9.614 X and = mean ionic activity 
coefficient product of water = 0.70, both at 60° and p = 0.5 (8). The re- 
sulting rate constants were: k ;  = 3.14 X min-', k ;  = 5.78 X 
min-', and ks  = 82.7 M-' min-l. These constants, together with the K,, 
[OH-], and U H +  values, were used in the expression for ko to generate the 
theoretical profile in Fig. 4. 


A theoretical pH minimum for the degradation of I was obtained by 
taking the derivative of Eq. 10 with respect to aH+, equating it to zero, 
and making appropriate substitutions: 


ko = k ; f H C  + kdc- (Eq. 10) 


The contribution from k;fc- was omitted from Eq. 10 since dko/daH+ = 
0 within the plateau region. The derivative equation is given by: 


aH+(min)  = [k&w(exp)/k~l[ l  + d ( 1  + kZ&)/k&w(exp)I 0%. 11) 


I I I 
3.0 3.1 3.2 


1 x lo3, OK-' 
T 


Figure 5-Arrhenius plots for the degradation of I at p = 0.5 and p H  
4.0 and 9.4. 


from which UH+(min) = 8.948 X lo-' and pHmi, 6.05 may be calcu- 
lated. 


Micelle Formation-Since penicillin G forms micelles (9), which 
affect the kinetic data, I was investigated also for its ability to form mi- 
celles. High-resolution NMR was used to determine the possibility of 
micelle formation in 1, 10, and 30% aqueous I solutions (D20) at 60'. 
Spectra before and after the addition of deuterated methanol were 
identical. No micelle formation could be demonstrated. 


Temperature Effect-The effect of temperature on the degradation 
of I was determined by measuring the degradation rates at 35,45, and 
W0 in buffered solutions and p = 0.5. These measurements were made 
at  pH 4.0 and 9.4. The values of kobs, E,, log A ,  and the enthalpies and 
entropies of activation are given in Table VI. The corresponding Arrhe- 
nius plots are shown in Fig. 5. 


The Arrhenius parameters a t  pH 4.0 and 9.4 were very similar. Acti- 
vation parameters were not computed at pH 4.0, where more than one 
reaction (Schemes I1 and V) apparently contributes significantly. How- 
ever, activation parameters were calculated a t  pH 9.4 where Scheme VI 
is probably the dominant reaction. At  this pH value, kok = k6 [OH-] and 
AS* is given by: 


As:b, = 1.9872 Iln k6 + In [OH-] - In (ekT/h) + E,/RT} (Eq. 12) 


To obtain the entropy of activation independent of pH effects, the 
quantity 1.9872 In [OH-] must be subtracted from the value of A S L .  
Similarly, the calculated value of ma+b, includes the heat of ionization 
of water, which equals 11.9 kcal a t  60' (8). This value must be subtracted 
from the overall enthalpy of activation to obtain the net value for the 
specific degradation reaction (Scheme VI). These corrected values of the 
entropy and enthalpy activations are given in parentheses in Table 
VI. 


Comparative Stability-Based on Tables I and VI, there are close 
structural and stability analogies between I and cefazolin (Table VII). 
The structural difference at  R1 apparently is sufficient to alter the sol- 
ubility such that cefazolin degradation can be followed kinetically below 
pH 1 at  5 X M while I has a lower pH limit of 2.0 at  1.99 X 10-3 M. 
Consequently, a pKa of 1.70, probably associated with the thiadiazole 
moiety, was determined kinetically for cefazolin, but an analogous con- 
stant could not be determined for I (Table I). 


It is apparent from Table VI that the data for both compounds fit the 
same kinetic expression for ko. Indeed, the pH profile for cefazolin (1) 
is similar to that for I. The values of ko (35O and p = 0.5) for these two 
compounds were nearly identical a t  pH 4 and were similar at pH 9.4. The 
primary kinetic difference between cefazolin and I lies in the ionizable 
group affecting the degradation in the acid pH region. For cefazolin, a 
group with pKa 1.70 is required to fit the experimental data, for I, a group 
with pKa 2.50 is required. In attempting to fit the experimental data for 
I using pKa 1.70, the theoretical profile deviated excessively from ko at  
pH 3 and 4. 


Further closeness in t,he degradation kinetics of the two compounds 
was manifested in pHmi, similarities. Finally, their energies and 
enthalpies of activation are similar. Nevertheless, the enthalpy of acti- 
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vation for I was -3 kcal/mole less than that of cefazolin. This difference 
was manifested in the larger k o  value at  pH 9.4 for I. The results of this 
study are in agreement with expected effects of structural changes at  R1 
on the pH-rate profiles of cephalosporin derivatives. 
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Abstract 0 A highly sensitive and specific method for hydrocortisone 
determination in plasma is described. In this method, an internal stan- 
dard (A4-pregnen-17a,20~,21-triol-3,11-dione) was added to plasma, 
which was then extracted with a mixture of methylene chloride-ether 
(6040). After separation and evaporation of the organic phase, deriva- 
tization was carried out with dansylhydrazine. Upon completion of the 
reaction, the excess dansylhydrazine was reacted with pyruvic acid and 
a second extraction and evaporation step was performed. The residue 
was taken up in 100 pl of the high-pressure liquid chromatographic mo- 
bile phase, and 5 pl was injected onto a microparticulate silica column. 
Elution was carried out with an ethylene dichloride-butanol-water 
(91:8.50.5) mobile phase. The effluent was monitored with a fluorescence 
detector (excitation 240 nm; emission 470-nm cutoff filter). A linear 
calibration curve was found from 5 to 150 ng/ml with the precision esti- 
mated to be &7% (CV). 


Keyphrases Hydrocortisone-analysis, high-pressure liquid chro- 
matography, fluorometry, plasma, humans 0 Glucocorticoids-hydro- 
cortisone, high-pressure liquid chromatographic and fluorometric 
analysis, plasma, humans High-pressure liquid chromatography- 
analysis, hydrocortisone, human plasma, fluorometry 


Hydrocortisone is a potent anti-inflammatory, immu- 
nosuppressive, and antiallergenic drug (1). Since the dis- 
covery of hydrocortisone, numerous synthetic glucocor- 
ticoids have been prepared. However, hydrocortisone re- 
mains an important agent in modern adrenocorticoid 
steroid therapy. 


Various analytical methods have been used to assay 
hydrocortisone in plasma including fluorescence (2, 3), 
competitive protein binding (4), enzyme immunoassay (5), 
and radioimmunoassay (6). All of these methods have 
problems with specificity. More recently, high-pressure 
liquid chromatographic (HPLC) methods for hydrocor- 
tisone assay in plasma have appeared (7-10). Most HPLC 


methods exhibit the required specificity but do not provide 
the low nanogram per milliliter sensitivity needed for 
bioequivalence studies. This paper describes a highly 
sensitive and specific HPLC assay for plasma hydrocor- 
tisone that can be used in bioequivalence studies. 


EXPERIMENTAL 


Apparatus-The modular high-performance liquid chromatograph 
consisted of a constant-flow pump’, a valve-type injector*, a fluorescence 
detector3 (excitation 240 nm; emission 470-nm cutoff filter), and a 
strip-chart recorder“ (0.5 cm/min). A stainless steel column (4.6 mm i.d. 
X 250 mm) packed with fully porous, irregularly shaped 5-pm silica5 was 
obtained commercially. 


Chromatographic Conditions-The mobile phase was ethylene di- 
chloride-butanol-water (91:8.5:0.5). A flow rate of 1.5 ml/min was es- 
tablished (2200 psig), and the column was equilibrated for 16 hr. The 
column was maintained at 19.5O by inserting it into a glass sleeve, which 
was immersed in a constant-temperature water batha. 


Reagents and Materials-Hydrocortisone7, A4-pregnen-17a,- 
20a,21-triol-3,11-dione7 (internal standard), pyruvic acids, and dan- 
sylhydrazines were obtained from commercial sources. All were used as 
received except dansylhydrazine, which was recrystallized from chloro- 
form prior to use. Solvents used were spectroanalyzed ethylene dichlo- 
rides, HPLC-grade butanol, methylene chloride, and etherlo. All other 
materials were reagent grade. 


1 Chromatography pump, model M6000A, Waters Associates, Milford, Mass. 
2 Sample injection valve, model U6K, Waters Associates, Milford, Mass. 


4 Model 9176, Varian Instruments, Palo Alto, Calif. 
6 Prepacked Hibar I1 column with Lichrosorb SI-60 5-pm silica, Applied Science 


6 Model 3080, Lab-Line Instruments. Melrose Park, Ill. 
7 Sigma Chemical Co., St. Louis, Mo. 
8 Fisher Scientific Co., Pittsburgh, Pa. 
9 Regis Chemical Co.. Morton Grove, 111. 


10 Burdick & Jackson Laboratories, Muskegon. Mich. 


Model FS970, Schoeffel Instruments, Westwood, N.J. 


I.aboratories, State College, Pa. 
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Specificity of Nitroglycerin Assays: 
A Response 


Keyphrases 0 Nitroglycerin-analysis, stability, various procedures 
compared Vasodilators, coronary-nitroglycerin, stability analysis, 
various procedures compared 0 St~hility-nitroglycerin, analysis, var- 
ious procedures compared 


To the Editor: 
This response will attempt to  clarify several points 


raised by Morrison and Fung (1) concerning a report by 
Suphajettra et al .  (2), which had discussed the possible 
formation of an interaction compound or complex between 
nitroglycerin in solution and polyethylene glycol 400. It was 
then suggested (2) that a loss of nitroglycerin “stability” 
had occurred due to  the sequestering effect on it, which 
prevented its analysis by both UV (3) and colorimetric (4) 
techniques. As a result, the different apparent nitroglyc- 
erin degradation rates due to polyethylene glycol 400 (Fig. 
1) as determined by these two methods simply reflected 
the relative recoveries of intact nitroglycerin or the “as- 
sayable” compound, attributable on one hand to “the more 
drastic hydrolysis procedure employed in the Bell method, 
which result.ed in a relatively greater breakdown of the 
reaction compound . . .” (2). I t  was not our intention to  
imply that a basic deficiency existed with the UV-kinetic 
assay for determining free nitroglycerin molecules. 


Furthermore, the term stability was used generically in 
the context of the report to describe not only degraded 
molecules but also those firmly bound or sequestered and, 
consequently, not available for analysis. Inasmuch as 
colorimetric nitroglycerin determination depends on the 
successful breakdown, in some stoichiometric fashion, of 


Percutaneous Butyrolactone 
Absorption in Rat.s 


Keyphrases Butyrolactone-percutaneous absorption, with and 
without depilation, rats 0 Hypnotics-butyrolactone, percutaneous 
absorption, with and without depilation, rats 


To the Editor: 
Butyrolactone (I) is a relatively nontoxic hypnotic agent 


when administered intravenously and orally to  rats (1,2). 
When I is introduced into the systemic circulation, it is 
instantaneously and completely converted to y-hydroxy- 
butyric acid (11). The latter is an endogenous substance in 
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Binding of Mono- and Bis-N-substituted Benzoquinolinium 
Halides to Butyrylcholinesterase: Fluorescence Measurements 
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Abstract  0 The dissociation constants (Kdiss) of mono- and his-N- 
substituted benzoquinolinium salts from hutyrylcholinesterase were 
determined by the disappearance of the fluorescence of the free ligand. 
The Kdiss value determined by this method agreed closely with the dis- 
sociation constants ( K I , ~ )  of the free enzyme obtained hy steady-state 
kinetic studies. The results indicate that the N-substituted benzo- 
quinolinium salts with a strong hinding ability to butyrylcholinesterase 
also are potent inhibitors of the esterolytic properties of the enzyme. 
Enzyme binding is favored by the coplanar structure and does not require 
a high concentration of charge on the onium function. The shape of the 
hydrophobic structures markedly influences binding. 


Keyphrases Benzoquinolinium halides-binding to butyrylcho- 
linesterase, spectrophotofluorometric analysis 0 Spectrophotofluo- 
rometry-analysis, henzoquinolinium halides, binding to hutyrylchu- 
linesterase Butyrylcholinesterase-binding to henzoquinolinium ha- 
lides, spectrophotofluorometric analysis 


A series of mono- and bisquaternary ammonium com- 
pounds was reported (1) to  be reversible inhibitors of 
butyrylcholinesterase. The most potent inhibitors were 
characterized by a large nitrogen-containing conjugated 
heterocycle such as phenanthridine or acridine. Line- 
weaver-Burk plots of the enzymatic hydrolysis data 
showed mixed competitive-noncompetitive inhibition 
kinetics. Since many potential binding sites are present on 
the enzyme (a) ,  these mono- and bisquaternary onium 
compounds were studied to determine if their anticho- 
linesterase activity was produced by binding to  sites that 
affect the esterolytic properties of the enzyme. 


EXPERIMENTAL 


Horse serum butyrylcholinesterase’ was purified by gel filtration, using 
a Sephadex G-200 column (2 X 90 cm) developed with pH 7.5 25 mM 
sodium phosphate, and by ion-exchange chromatography, using a di- 
ethylaminoethyl cellulose column (2 X 85 cm) developed with a 1-liter 
linear gradient of 1.0 M NaCl in pH 7.5 25 mM sodium phosphate. Pro- 
tein concentrations (milligrams per milliliter) were determined by the 
method of Lowry et al. (3). Enzyme activities were measured by the 
continuous automatic titration method, using a pH stat  (1). The hutyr- 
ylcholinesterase solution normality was determined by a titration method 
using echothiophate iodide (4). 


Table I-Quenching of Hexamethylene-1,6-bisacridinium 
Diiodide (50 nM) Fluorescence by Butyrylcholinesterase 


10-81, 
E, N F Fo - F M R 108RII 


0 40 (Fd 
5.5 x 10-9 37.0 3.0 0.1 4.50 0.91 0.20 
2.0 x 29.8 10.2 0.34 3.30 0.85 0.26 
3.8 X 24.0 16.0 0.53 2.35 0.70 0.30 
5.5 X 18.7 21.3 0.71 1.45 0.65 0.45 
7.5 X 16.3 23.7 0.79 1.05 0.53 0.51 
1.1 x 10-7 13.3 26.7 0.89 0.55 0.40 0.73 
2.5 x 10-7 11.2 28.8 0.96 0.20 0.19 0.95 
4.5 x 10-7 10.6 29.4 0.98 0.10 0.11 1.10 
1.1 X lO(F,) 30.0 


Inhibitors were prepared as described previously (1). The inhibitors, 
hutyrylcholinesterase, and bovine serum albumin were dissolved in 10 
mM sodium phosphate buffer containing 100 mM NaCl and 20 mM 
MgCIz. The enzyme solution was diluted to give concentrations of 50 
pN-5.5 nN. For the fluorescence measurements, each solution was mixed 
with an equal volume of inhibitor solution whose concentration was near 
its K I , ~  value. UV absorption spectra of the inhibitor solutions (5 pM) 
in the presence of varying amounts of butyrylcholinesterase or bovine 
serum albumin were measured on a double-beam spectrophotometerz. 


Disappearance of the fluorescence of the inhibitors in the presence of 
butyrylcholinesterase or bovine serum albumin was measured on a 
spectrophotofluorometer7 equipped with a 150-w xenon lamp and a 1P 
21 photomultiplier tube. Excitation a t  360 nm caused fluorescence 
maxima of N-substituted acridinium halides at 490 nm, of phenanthri- 
dinium halides a t  420 nm, of 5,6-benzoquinolinium halides a t  440 nm, 
and of 7,8-benzoquinolinium halides a t  460 nm. Fluorescence intensity 
measurements were made a t  25O and were reproducible within 0.5%. 


The disappearance of the fluorescence spectra of benzoquinolinium 
salts in the presence of butyrylcholinesterase was used to determine the 
dissociation constants (Kdlrs) of the enzyme-benzoquinolinium salt 
complex. The hinding to butyrylcholinesterase or bovine serum albumin 
can he expressed according to Scatchard et al. (5) by: 


H n  R 
(Eq. 1) _=--- 


[I] Kdias K d m  


where R is the number of inhibitor molecules bound per subunit 
(equivalent to 1 mole of echothiophate iodide) of butyrylcholinesterase 
or per molecule of bovine serum albumin a t  a free inhibitor concentration, 
[I], and n is the number of binding sites on a butyrylcholinesterase sub- 
unit or a bovine serum albumin molecule. Both R and [I] were determined 
by utilizing the disappearance of inhibitor fluorescence intensities while 
being bound by butyrylcholinesterase (6,7). 


The relative intensities, F, of the fluorescence inhibitor were deter- 
mined for a series of enzyme and inhibitor mixtures of different compo- 
sitions containing a constant total inhibitor concentration. The expres- 
sions for the relative fluorescence intensities in the absence and in an 
excess of butyrylcholinesterase are FO = r [ I ] ,  and F, = r’[I]f ,  respectively; 
[Ill is the total inhibitor concentration, r is the intensity coefficient of 
the free inhibitor, and r’ is the intensity coefficient of the bound inhibitor 
( E I )  whose concentration is equal to the total free inhibitor concentration 
when an excess of enzyme is added. I t  is assumed that all inhibitor mol- 
ecules are bound in the presence of excess enzyme. 


The relative fluorescence intensity of butyrylcholinesterase is much 
less than that of the inhibitor itself and can be neglected while making 
enzyme blank measurements. Thus, relative fluorescence at  varying 
butyrylcholinesterase concentrations is expressed by F = r [ I ]  + r ’ [EI] .  
The fraction of total inhibitor bound, a, is expressed by: 


The free inhibitor concentration is expressed by: 


[I1 = [Ill (1 - a)  (Eq. 3) 


and if [Ell is the amount of butyrylcholinesterase used, then: 


(Eq. 4) 


Data for the disappearance of the fluorescence of hexamethylene-1,6- 
bisacridinium diiodide (I) in the presence of butyrylcholinesterase are 
shown in Table I. The Kdim value is the reciprocal value of the Scatchard 
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Table 11-Bindine of Some Quaternarv Ammonium Salts to Rutvrvlcholinesterase 


0 Determined by steady-state enzyme kinetic studies ( 1  ). The K d h  values of I and IV uersus bovine serum albumin, determined by the disappearance of the free ligand 
Determined by a fluorescence probe technique fluorescence, were 15 f 4 and 87 f 5 pM, respectively. C Determined by the disappearance of the free ligand fluorescence. 


(8). 


plot slope of R l ( I ]  uersus R (Fig. 1) and was calculated by fitting the 
values of R l ( I ]  and R to the least-squares computer program. 


The same procedure was used for measuring the binding of the non- 
fluorescent inhibitor, hexamethylene- 1,6-bis-p-phenylhenzyl ammonium 
dibromide ( I I ) ,  with butyrylcholinesterase by the addition of a fluorescent 
probe ( A )  such as I (1  ). The dissociation constant ( K R )  of the nonfluo- 
rescent inhibitor ( B )  which competes with A for sites on the enzyme can 
he determined according to a literature method (8) and expressed by: 


(Eq. 5) 


where K A  is the dissociation constant of the fluorescent probe, [E l t  is the 
total concentration of the nonfluorescent inhibitor. and S is the hound 


0 
0 0.2 0.4 0.6 0.6 1 .o 


R 
Figure I-Scatchard plot for I (50 nM) binding to oarious concentra- 
tions (5.5 nN-1.1 pN) of butyrylcholinesterase by spectrofluo- 
rornetry. 


nonfluorescent inhibitor in moles per liter. The value of S can be calcu- 
lated by: 


(Eq. 6) 


where ( A  I f  is the total fluorescent probe concentration. A Scatchard plot 
for the probe-enzyme complex in the presence o f  a nonfluorescent i n -  
hibitor is shown in Fig. 2. 


RESULTS AND DISCUSSION 


The addition of butyrylcholinesterase to aqueous solutions of  mono- 
and bisquaternary ammonium salts that are potent reversihle enzyme 
inhibitors caused a hypochromic shift in their UV spectrum. The UV 
absorbance of a 5 pM solution of I was altered from maxima a t  251 and 
258 nm to a single maximum a t  253 nm with a decrease of the extinction 
coefficient as the hutyrylcholinesterase concentration was increased from 
2.2 to 18 p N  (Fig. 3). Similar mixtures of I solutions and bovine serum 
alhumin in concentrations from 0.29 to 72 pM did not cause any signifi- 
cant change in the UV absorption spectrum of I. The acridinium com- 
pound spectral changes, which occurred following enzyme addition but 
not following addition of the same or even higher bovine serum albumin 
concentrations, suggest a specific and extensive binding by the inhibitor 
to butyrylcholinesterase. 


Dissociation constants (Kdiss) of mono- and bisonium salts complexed 
with butyrylcholinesterase were measured by disappearance of the het- 
erocyclic moiety fluorescence spectra in the presence of butyrylcho- 
linesterase (Table 11). The Kd#sa of 1 from hutyrylcholinesterase was 8.3 
f 0.2 nM and compared favorably with the inhibition constant (KI , ,  = 
7.3 f 0.2 nM) determined by the kinetics of the hydrolysis rate inhibition 
under Michaelis-Menten conditions (1). The dissociation constant of 
I from bovine serum albumin determined by free ligand fluorescence 
disappearance showed less affinity by a t  least lo3. 
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Figure 2-Scatchard plots for the probe-enzyme complex of I (50 nM) 
and varying concentrations (5.5 nN-1.1 pN) of butyrylcholinesterase 
in the ahsence (0) and presence (0) of hexamethylene-1,6-bisbiphenyl 
ammonium dibromide (1.0 pM). 


N-Methylacridinium (IV) had a smaller binding affinity than I for 
butyrylcholinesterase when calculated from fluorescence measurements 
(Kdiaa = 0.14 f 0.04 pM) or enzyme kinetic data ( K I , ,  = 0.24 f 0.03 pM). 
Binding of IV to bovine serum albumin was also weaker than that of I. 
The additional acridinium moiety in I undoubtedly contributes to the 
stronger binding properties on both butyrylcholinesterase and bovine 
serum albumin. Since hutyrylcholinesterase has a single anionic site a t  
the active center (9-12), the enhancement of the binding force of the bis 
compound to both butyrylcholinesterase and bovine serum albumin could 
result from the hydrophobic binding of the additional onium moiety to 
the hydrophobic area adjacent to the anionic site of the enzyme. 


The other N-methyl benzoquinolinium salts, 7,8-benzoquinolinium 
(V),  5,6-benzoquinolinium (VI), and 3,4-benzoquinolinium (VII), gave 
Kdias values that were comparable to the Ki,$ values obtained from en- 
zyme kinetic data. A parallel can be seen between the data from the dis- 
sociation constants as determined by fluorescence measurements and 
by enzyme kinetics. All compounds appeared to bind in a similar manner 
to the enzyme with binding energies depending on their lipophilic and 
steric properties. The  Scatchard plots showed that  both mono- and bis- 
N-substituted benzoquinolinium compounds bound stoichiometrically 
to the enzyme (i.e., one molecule of inhibitor bound per subunit of en- 
zyme). The esterolytic function was affected proportionately to the in- 
tensity of inhibitor binding. 


Among these compounds, the onium group probably serves primarily 
as a carrier to deliver the hydrophobic structure to the active site. The 
positive charge in these heterocyclic structures may be delocalized by 
either internal resonance or pseudobase formation (1). Together with the 
hydrophobic nature of the hydrocarbon mass and the lack of hydrogen 
bonding substituents, these compounds would be unfavorable to solvation 
but would probably influence the structure of neighboring water, either 
in bulk solution or as the inhibitor-enzyme complex. 


The effects of hydrocarbon-substituted ammonium salts on water 
structure were reported to vary with the hydrophobic mass of the sub- 
stituents, the concentration, and the temperature (13-16). I t  would be 
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Figure 3-Hypochromic effect of the UV spectra of I (5.0 pM) in the 
presence of different butyrylcholinesterase concentrations: A, 0; B, 2.3 
pN; C,  4.6 pN; D ,  9.2 pN; E, 14 pN; and F,  18 pN. 


of interest to determine the effect of structure of these isomeric mono- 
quaternaries on the structure of the surrounding water. The hydrophobic 
mass structure may contribute to potency by influencing the difficulty 
with which other molecules and ions in solution can displace the inhibitor 
from the inhibitor-enzyme complex. 
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Table I-In Vitro Dissolution tso versus Hardening Time for 
Undecenovanillylamide Microcapsules a 


Hardening Time, I n  Vitro Dissolution t50, 
min min 


Unencapsulated <3 
30 7.3 
60 11.7 


1 3n 28.0 


a r = 0.98149. 


plug to ensure that undissolved drug was not included. An equivalent 
volume of fresh buffer and the glass wool plug were added to the flask 
after each withdrawal. The samples were then assayed spectrophoto- 
metrically a t  280 nm after appropriate dilution with pH 6.5 buffer. Each 
determination was done a t  least in triplicate. 


RESULTS AND DISCUSSION 


Since encapsulation uia complex coacervation occurs best a t  low colloid 
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Figure 2-Hardening time versus in vitro t50for undecenovanillylamide 
microcapsules. 


concentrations and when acacia and gelatin are employed in a 1:l ratio 
(2). 1-4% concentrations were studied. There were no beneficial aspects 
a t  the higher concentration, so the 1% colloid concentrations were used 
to produce the least cohesive powder. The colloidal silica was added to 
aid in production and did, in fact, lead to easier microcapsule recovery 
as a dry, noncohesive powder. 


The resuspension of the product in isopropanol for dehydration was 
successful with only 30% isopropanol. Lower concentrations did not result 
in a free-flowing powder, and higher concentrations destroyed the shell 
wall integrity. 


Figure 1 shows the percent release uersua time data for the various 
dosage forms studied. Each determination is the average of at least six 
dissolution profiles. Dissolution results for the powder and encapsulated 
forms of I indicate that the microencapsulated forms exhibited slower 
dissolution. The capsules hardened for 0.5 hr  featured rapid initial re- 
lease. This initial release may result from the soft shell and the large 
amount of unencapsulated I. The profiles in Fig. 1 are in rank order with 
hardening times; there was a definite delayed, sustained release for en- 
capsulated 1. 


T o  explain the drug dissolution from the microcapsules, the release 
of the act,ive ingredient through leaching or diffusion may be examined. 
For such release to occur, the dissolution medium must penetrate the wall 
to the nucleus, dissolve I, and then permeate out through the shell wall. 
Any of these processes may be rate limiting. 


The effect of increased hardening times on the release profile is readily 
apparent. Since the dissolution t50 indicates the central tendency of the 
data, that  point was chosen to compare release (Table I). There was a 
direct linear correlation ( r  = 0.98149) between microcapsule hardening 
time and the dissolution t50 values (Fig. 2). 
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Abstract A simple one-step method for the N-alkoxymethylation of 
barbituric acids and hydantoins is presented. The compounds are N -  
met hoxymethylated or N-ethoxymethylated using phosphorus pentoxide 
and dimethoxymethane or diethoxymethane, respectively, in a chlori- 
nated solvent. l-Methoxymethyl-3-ethyl-5-phenylhydantoin showed 
significant anticonvulsant activity in the subcutaneous pentylenetetrazol 
test, while 1,3-bis(methoxymethyl~-.5-ethyl-5-(p-toly~)barbituric acid 
was inactive. 


Keyphrases N-Alkoxymethylharhituric acids-syntheses, anticon- 
vulsant activity, structure-activity relationships 0 N-Alkoxymeth- 
ylhydantoins-syntheses, anticonvulsant activity, structure-activity 
relationships Anticonvulsants-N-al koxymethylbarbituric acids and 
N-alkoxymethylhydantoins, syntheses, structure-activity relation- 
ships 


N -  Alkoxymethyl derivatives of barbituric acids and of 
hydantoins were recently synthesized, and several deriv- 


atives were shown to possess significant anticonvulsant 
activity in animal tests (1-4). One, 1,3-bis(methoxy- 
methy1)phenobarbital (I), was studied in epileptic patients 
with promising results (5). 


BACKGROUND 


The original preparation of the N-alkoxymethyl derivatives involved 
alkylation of the barhituric acid or hydantoin alkali salt with chloro- 
methyl methyl ether (11) (1-4). Since the latter reagent is a potent car- 
cinogen (6-8), its use is highly restricted (9). Therefore, alternatives for 
the preparation of I have been sought, and two appeared in%he patent 
literature. One method (10) is based on the preparation of 1,3-bis(chlo- 
romethy1)phenobarbital from phenobarbital, formaldehyde, acetyl 
chloride, hydrochloric acid, and a Lewis acid. These conditions are likely 
(1 1, 12) to result in the formation of bis(chloromethy1)ether (III), another, 
even more potent, carcinogen (8). 1,3-Bis(chloromethyl)phenobarbital 
was converted to I using sodium methoxide in methanol (10). The second 


1562 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 12, December 1979 


0022-35491 791 1200- 1562$0 1.001 0 
@ 1979, American Pharmaceutical Association 







Table I-Products of N- Alkoxymethylations 


Product 
Mass Spectrump, Starting Reaction Yield Melting m/e (relative intensity) 


Material Product Time" % PointbBc NMRd Spectrum 
1 16-1 18'1 -g  -h 


--R 
- h  


117 (7), 91 (13), 77 (8), 45 (100),44 
(29) 


83 V I 3 
V' VI 4 56 


IX VIII 3 51 114-115" --R 


XI X 3 hr 71 


--R 64-66Oj 


74-76"' 7.44-7.22 (m, 5, C6H5), 4.64 (AB qt, 2, 
J A B  = 12 Hz, U A  = 4.97, UB = 4.32, 
CHzO), 3.38 (s,  3,OCH3), 3.11 (s, 3, 
NCH3), 2.89-2.00 (m, 2, CHZCH~), 
0.96 (t, 3, J = 6 Hz, CH2CHd 


7.67-7.00 (m, 5, CCH~),  4.67 (AB qt, 2, 
J A R  = 10 Hz, U A  = 5.10, UB = 4.24, 
CH20), 5.05 (s, 1, CH), 3.64 (qt, 2 , J  
= 6 Hz, CHsCHz), 3.33 (s, 3, OCH3), 
1.26 (t, 3, J = 6 Hz, CH2CH3) 


7.19 (s, 4, C6H.4). 5.38 (AB qt, 4, JAB = 
10 Hz, U A  = 5.44, UR = 5.29, NCHz), 
3.37 (s, 6, OCH3), 2.46 (qt, 2, J = 7 (15), 160 (loo), 159 (14), 146 (6), 132 
Hz, CH~CHS), 2.31 (s, 3, CsH&H3), (261.131 (26), 117 (57), 115 (17), 105 
0.98 (t, 3, J = 7 Hz, CHzCHd (12), 91 (18), 86 (29) 


9 88-89Oq -g -R 


262 (1, M)"', 233 (lo), 203 (2), 118 (5), 


55-56O 248 (1, M), 233 (11,217 (61,216 (4), 146 


90 (16), 77 (19), 76 (lo), 51 (9),45 


XIIns" 6 hr 76 XI11 (5), 132 (18), 118 (32), 117 (7), 91 (26), 


(loo), 44 (26) 


139-141" 334 (3, M), 302 (101,274 (II) ,  202 (g), a7 
201 (6), 190 (15), 188 (17), 174 (5), 161 


xv XIV"3P 3 


V XVI 3 


0 In days, unless otherwise indicated. Determined in a Fisher-Johns apparatus; values are uncorrected. Product recrystallized from ethanol-water. d Determined 
with a Varian Associates EM-360 or EM-390 instrument, recorded in deuterochloroform; data are reported in parts per million ((I) downfield from tetramethylsilane 
internal standard. Determined on Finni an 1015 mass spectrometer, ionizing energy 70 ev. f Lit. ( 1 )  mp 116-118'. I! Essentially identical to spectrum of same compound 
prepared uia original procedure (1-4). h &.sentially identical to published mass spectrum (16). Diethoxymethane (VII) used in place of IV. I Lit. (1 )  mp 65-66O. k Lit. 
(3) mp 115-116O. ' Lit. (4) mp 68.5-70.5O. Calrulated for C13Hl6N2Q3: 
C, 62.89; H, 6.50; N, 11.28. Found: C, 62.95; H. 6.55; N, 11.25. P Calculated for C17H22N206: C, 61.07; H, 6.63; N, 8.38. Found: C, 60.89: H,  6.82; N, 8.25. q Melting point 
of sample prepared uia previously published method (2): 68-89'. 


M = molecular ion. " Elemental analysis performed by Galbraith Laboratories, Knoxville, Tenn. 


alternative for the preparation of I involved the reaction of stannic 
chloride and dimethoxymethane (IV) with phenobarbital (V) (13). The 
presence of stannic chloride, a Lewis acid, in IV, however, carries the 
danger of generating chloromethyl methyl ether. Supporting this possi- 
bility is the facile conversion of IV to chloromethyl methyl ether in the 
presence of dry hydrogen chloride (14) or acetyl chloride (15). 


0 


R, 
I CH,OCH, 


VIII CH,OCH, 


XIV CH,OCH, 


XVI CH, OCH, 


V H 
VI CH,CH,OCH, 


IX H 


xv H 


R3 
X CH3 


XI CH, 
XI1 CH,CH, 


XI11 CH,CH, 


I1 
I11 
IV 


VII 
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R, 
CH,OCH, 
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CH,CH,OCH, 
CH, 
CH, 
CH30CH, 
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CH,OCH, 
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YCH,OCH,Z 


H c1 
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It appears, therefore, that an alternative method not involving carci- 
nogenic halomethyl ethers is needed for the synthesis of N-alkoxymethyl 
derivatives of barbituric acids and hydantoins. Such a method is reported 
here. 


EXPERIMENTAL 


1,3-Bis(methoxymethyl)phenobarbital(I)-Phenobarbital (V, 500 
mg, 2.2 mmoles), phosphorus pentoxide powder' (8 g), and methylene 
chloride (8 ml) were placed in a 125-ml, single-necked round-bottom flask. 
Compound IV (8 ml) was added, the flask was capped with a calcium 
chloride drying tube, and the mixture was stirred for 3 days. The flask 
was cooled in an ice bath while water (10 ml) was added. The flask was 
allowed to warm to room temperature, with occasional cooling in ice to 
control the reaction between water and phosphorus pentoxide. 


Ether (10 ml) was added, and the mixture was transferred to a sepa- 
rator. The layers were separated after extraction, and the aqueous layer 
was further extracted with ether (2 X 10 ml). The combined organic ex- 
tracts were washed with 1 N NaOH (2 X 10 ml) and with water (2 x 10 
ml). The solution was dried (sodium sulfate), and the solvent was evap- 
orated to obtain 579 mg of I. Further experimental details are listed in 
Table I. 


Compounds VI, VIII, X, XII, and XIV also were prepared using this 
procedure, with some variation in experimental details (Table I). 


1 -Methoxymethylphenobarbital (XV1)-Phenobarbital (V, 2.0 g, 
8.6 mmoles), m'ethylene chloride (30 ml), and IV (30 ml) were combined 
in a 125-ml flask. The mixture was stirred magnetically while phosphorus 
pentoxide (20 g) was added in small portions. The flask was capped with 
a calcium chloride drying tube, and the mixture was stirred at room 
temperature for 3 days. The reaction flask was cooled in ice, and ice water 
(50 ml) was added with stirring until all of the phosphorus pentoxide had 
dissolved . 


The mixture was extracted with ether (2 X 50 ml). The combined or- 
ganic layers were extracted with 0.1 N NaOH (3 X 50 ml), and the com- 
bined alkaline aqueous layers were acidified to pH 4 with concentrated 
hydrochloric acid in an ice bath. The acidic solution was extracted with 
ether (3 X 50 ml). The combined organic extracts were washed with water 
(50 ml), dried with sodium sulfate, and concentrated in uacuo. The res- 
idue was kept a t  4' for 3 days. The resulting crystalline material was re- 
crystallized from ethanol-water (Table I). 


Pharmacological Testing-Anticonvulsant activity was examined2 


Granular phosphorus pentoxide was much less effective. 
2 The testing was carried out by the Antiepileptic Dru Development Program, 


Epilepsy Branch, National Institute of Neurological and fiommunicative Disorders 
and Stroke, National Institutes of Health. Bethesda, MD 20014. 
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Table 11-Anticonvulsant Activity and  Neurotoxicitv 


MESb scMetb Toxicityb 
Compound 0.5 hr 4 hr 0.5 hr 4 hr 0.6 hr 4 hr 


Assay methods are described under ExperirnentaL Activity and toxicity at 
:10,100, o r  300 mg/kg are represented by +++, ++,or +, respectively; - indicates 
no activity or toxicity observed. c Test repeated at 100 mg/kg: three of four animals 
protected. d Test repeated at 300 mgkg: no animals protected. 


in Screen 1 of the Anticonvulsant Screening Project Test  Systems (17, 
18). Three tests were performed in male mice3: the maximal electroshock 
seizure test (MES), the subcutaneous pentylenetetrazol seizure threshold 
test (scMet), and the rotorod test designed to detect neurotoxicity. 


The compounds were tested a t  three dose levels (30, 100, and 300 
mg/kg) a t  30 min and 4 hr after their intraperitoneal administration. Four 
animals were injected with each dose, which was solubilized in 30% 
polyethylene glycol 400, and were examined 30 min later for toxicity in 
the rotorod test. Anticonvulsant activity was evaluated immediately 
thereafter by subjecting one mouse to the maximal electroshock seizure 
test and another to the subcutaneous pentylenetetrazol seizure threshold 
test. The same tests were repeated after 4 hr on the two remaining 
mice. 


Anticonvulsant activity in the maximal electroshock seizure test is 
defined as abolition of the hindlimb tonic extensor component of the 
maximal electroshock seizure elicited with a 60-Hz alternating current 
of 50 mamp delivered for 0.2 sec uia corneal electrodes. Activity in the 
subcutaneous pentylenetetrazol seizure threshold test is defined as failure 
to observe even a threshold seizure (a single episode of c h i c  spasms at 
least 5 sec in duration) at  a pentylenetetrazol dose of 85 mghg. Neurologic 
toxicity is defined as failure of an animal to remain for at least 1 min on 
a 2.54-cm diameter, knurled plastic rod rotating a t  6 rpm. 


RESULTS AND DISCUSSION 


The methoxymethylation of alcohols using IV and phosphorus pent- 
oxide was described recently (19). With a related procedure, other in- 
vestigators methoxymethylated phenols using IV and p -toluenesulfonic 
acid in the presence of molecular sieves (20). The applicability of these 
methods to the alkoxymethylation of barbituric acids and hydantoins 
was examined. While the latter procedure (20) failed to  methoxymeth- 
ylate any of the compounds studied, the former method (19) resulted in 
moderate to excellent yields of alkoxymethylated products (Table I). 


Compounds I, VI, VIII, X, XII, XIV, and XVI were prepared. The 
melting point of X, 74-76’, differed slightly from the previously reported 
(4) value, 68.5-70.5’. This discrepancy may be because X was not re- 
crystallized in the previous procedure (4). The NMR and mass spectra 
of X (Table I) were consistent with the proposed structure. Spectral data, 
melting points, and analytical data (for new compounds) also confirmed 
the structures of the other compounds. The methylene protons of the 
N-alkoxymethyl group in all of the compounds prepared gave rise to AR 
quartets in the NMR spectra. The reaction proceeded best in a halo- 
genated solvent, e.g., methylene chloride, chloroform, or ethylene di- 
chloride. However, the reaction also was carried out successfully in other 
solvents. For example, I was prepared in ethyl acetate in a 77% yield. 


The procedure also was useful in the preparation of 1 -methoxymeth- 
ylphenobarhital (XVl). Since XVI, an N-monosubstituted barbituric 


~~ 


Carworth Farms No. 1 .  


acid, could not be prepared by monomethoxymethylation of V with 
chloromethyl methyl ether (I), an alternative synthesis was developed 
(2) involving the N,S-bis(methoxymethy1) derivative of thiophenobar- 
bital. The method uses chloromethyl methyl ether and is time consuming 
(2). The reaction described in the present report can be used to prepare 
XVI in moderate amounts in one safe, simple step. 


Compounds XI1 and XIV, previously unreported, were tested for 
anticonvulsant activity (Table 11). Compound XIV showed no anticon- 
vulsant activity in the test system. This result is interesting when con- 
trasted to the high activity ( I )  shown by I, a compound differing from XIV 
only in the lack of thep-methyl group on the phenyl ring. Compound XII, 
the 1-methoxymethyl derivative of ethotoin, showed activity a t  100 mg/kg 
in the subcutaneous pentylenetetrazol test and at 300 mg/kg in the 
maximal electroshock seizure test a t  30 min after administration. How- 
ever, a t  300 mg/kg, XI1 also had neurotoxic effects. 
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Abstract The antitumor antibiotic, streptonigrin, interacted with zinc, 
copper, and manganese but not with calcium or magnesium, as indicated 
by spectral shifts and difference spectra. The titration data showed the 
formation of 1:l complexes, and further titration continued to show 
spectral shifts until a molar ratio for zinc to streptonigrin of 5-10 to 1 was 
reached. Streptonigrin interacted with DNA only in the presence of a 
metal ion such as zinc. Streptonigrin titration with DNA a t  varying zinc 
molar equivalents revealed that one antibiotic molecule required 5-7 
moles of zinc and 20-25 moles of DNA-phosphorus for complexation. 
Similar values were obtained from gel permeation chromatography. 


Keyphrases 0 Streptonigrin-interaction with metals and with DNA, 
complexation, spectrophotometry, gel permeation chromatography 0 
Antibiotics-streptonigrin, interaction with metals and with DNA 0 
Antineoplastic agents-streptonigrin, interaction with metals and with 
DNA 0 DNA-interaction with streptonigrin and with metals 0 Met- 
als-complexation with streptonigrin and with DNA 


Streptonigrin (I), an antitumor antibiotic and a Strep- 
tomyces flocculus metabolite (1, 2), shows high activity 
against various experimental neoplasms (3-5). Extensive 
clinical trials showed that it was active against certain 
lymphomas (6), and a double-blind comparison with 
chlorambucil showed comparable activity, with I being 
slightly more toxic in the GI tract (7). 


Strong streptonigrin involvement in DNA metabolism 
in various cellular systems manifests itself in chromosomal 
aberration and fragmentation and in drug absorption by 
nuclear fractions (8-10). Mizuno and Gilboe (ll), who 
studied the in oitro interaction of I and DNA, showed that 
two complexes were formed, one unstable to dialysis and 
the other stable, with a stoichiometry of 1:2000 for strep- 
tonigrin-DNA nucleotides. However, a sedimentation 
behavior, melting-profile, and gel permeation chroma- 
tography study (12) indicated that no complex was formed 
between streptonigrin and DNA. In that study, I showed 
no inhibition of DNA-dependent RNA polymerase, unlike 
other DNA-interacting antibiotics such as actinomycin or 
daunomycin. Thus, streptonigrin binding to DNA is con- 
troversial; this behavior would be somewhat unusual in 
view of its demonstrated involvement in DNA metabo- 
lism. 


The complexing ability of streptonigrin toward certain 
metal ions was explored in this laboratory. Preliminary 
spectrophotometric studies showed that I readily formed 


0 
RESULTS AND DISCUSSION 


In Fig. 1, curve A is a portion of the spectrum (300-450 nm) of 4 X 
M I in 0.01 M tromethamine buffer, pH 7.5, with A,,, 363 nm and c = 
15,000. Curve B shows the shift of the A,,, to 385 nm (c = 17,000) in the 
presence of 4 X 10-4 M Zn2+. Curve C is the spectrum of a solution of I 
(4 X M), and DNA (3.2 X 10-3M) with Amax 410 
nm and c = 16,300. An identical solution, but without Zn2+, gave curve 


M), Zn2+ (4 X 


complexes with ions such as Zn2+, Cu2+, and Mn2+ but not 
with Ca2+ or Mg2+. Streptonigrin-metal complexes readily 
interacted with DNA to form clearly demonstrable and 
relatively stable complexes. This paper describes some 
characteristics of the interaction of I with metals such as 
Zn2+ and of the complexes such as streptonigrin-zinc with 
DNA. 


EXPERIMENTAL 


Tromethamine buffer (0.01 M )  of appropriate pH was used. Strep- 
tonigrin was dissolved in dioxane, approximately three equivalents of 
sodium bicarbonate were added, and the solution was diluted with water 
to 2-5 X M. Since I solutions made in tromethamine buffer (pH 7) 
decomposed gradually, the experiment was completed within 1 hr after 
the dilution with tromethamine. 


Calf thymus DNA (sodium salt, highly polymerized, 8% phosphorus) 
was purchased’. A weighed sample was dissolved in water by gentle 
stirring with a magnetic stirrer at room temperature for 2-3 hr and was 
diluted to 1.0-1.5 X M solutions, based on DNA-phosphorus. The 
solutions were dispensed in 2-4-ml portions in test tubes and kept frozen 
until use. 


The complexation was followed by a recording spectrophotometer2 
with silica cells of 1-cm path length. Metal complexes were studied in 
alcoholic and in aqueous solutions. For obtaining a Job plot, various molar 
mixtures of I and the metal ion with constant total molarity were pre- 
pared and their spectra were recorded. Corresponding reference solutions 
with I, but without the metal, also were prepared and their spectra were 
recorded. The difference in the absorbance between the two a t  the Amax 
was plotted against the mole fraction. 


Titrations were carried out by adding the metal-ion solution from a 
microburetg to the sample taken in the cell containing a magnetic stirring 
bar. The spectra were recorded against a distilled water (or alcohol) blank. 
In an alternative procedure, a I solution was taken in both the reference 
and sample cells, and the sample cell was titrated with the metal-ion 
solution. The spectra so obtained were the “difference spectra.” Gor- 
rection for the volume change was made by the addition of an identical 
volume of water t o  the reference cell. 


DNA complexation was studied in aqueous solution with or without 
a buffer. Both titration methods, using either water or streptonigrin-Zn2+ 
solution as reference, were employed for measuring complexation. 


Complex formation also was demonstrated through gel permeation 
chromatography by direct mixture chromatography and by an adaptation 
of the Hummel-Dreyer method (13). A cross-linked dextran4 column (8 
X 600 mm) was prepared and equilibrated with the streptonigrin-Zn2+ 
solution (4 X low5 M with respect t o  I and 4 X M with respect to 
Zn2+). The DNA sample (6.4 X M, DNA-phosphorus) was diluted 
with the appropriate amount of the ligand- metal solution andapplied 
to the column, which was then developed by more of the same solution. 
Fractions (3 ml) were collected, and their absorbance was read a t  385 
nm. 


1 ICN Pharmaceuticals. Cleveland, Ohio. * Beckman model 25. 
3 Micrometric Instrument Co., Cleveland, Ohio. 
4 Sephadex G50, Pharmacia Fine Chemicals. 
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Figure 1-Effects vf Zn2+ and DNA on the absorption spectrum of I .  
Key: A, spectrum of 1 ( 4  X M) in 0.01 M tromethamine buf/er, pH 
7.5: R, A + Zn2+ (4 X M); D, A + 
DNA (3.2 X 


D with Amax and 6 values essentially the same as those of I. T o  demon- 
strate that Zn2+ was essential for the I complexation with DNA, the so- 
lution that gave curve C was treated with edetate sodium, which produced 
a spectrum similar to that of D. Without zinc, DNA caused a slight 
spectral shift in the 410-4.50-nm region. 


The complexation could be observed in two other ways. The reddish- 
brown I solutions essentially remained unchanged when treated with 
either Zn2+ or DNA separately; but when both were present, the color 
changed to brownish yellow. Addition of edetate sodium to this solution 
brought back the original reddish-brown color. In the second method, 
ethanol addition (5-6 volumes) to a I-DNA solution gave a white stringy 
DNA precipitate. Similar addition to streptonigrin-Zn2+-D" gave a 
dark-brown stringy precipitate even with 2-3 volumes of ethanol. The 
precipitate, after being washed with the solvent, gave the characteristic 
complex spectrum (curve C). 


M); C, A t B t DNA (3.2 X 
Mj; and E ,  C t edetate sodium. 


375 400 425 450 
WAVELENGTH, nrn 


Figure 2-Difference spectra. Key: A, spectrum of streptongrin-Zn 2+ 
complex read against a reference of streptonigrin; H, streptonigrin- 
Zn2+-DNA complex read against a reference of streptonigrin-DNA; 
and C ,  streptonigrin-Zn'+-DNA complex read against a reference of 
streptonigrin-Zn2+. 


0.25 


0.2 


w 
0 
Z 0.15 


u 2 
8 2 0.1 


0.05 


0 
3 i 5  400 425 450 


WAVELENGTH, nm 


Figure %Difference spcctra similar to Fig. 2A resulting from titration 
v/ I with Zn2+.  The numbers 1-10 represent the zinc-streptonigrin 
molar ratios. 


Figure 2 shows the difference spectra. 
Results with Cu2+ and Mn2+ were similar t o  those with Zn2+. No 


spectral shifts were observed when I solutions were treated with Mg2+ 
or Ca2+ ions or when DNA was added in the presence of these ions in the 
pH 6.0-8.0 range. 


Metal Complexation-1 titration with Zn2+ solution, in the presence 
or absence of a buffer, gave difference spectra of increasing intensity (Fig. 
3). A plot of the difference spectrum intensity against the I mole fraction 
is shown in Fig. 4. The slope change occurring a t  mole fraction 0.5 shows 
the existence of a 1:l complex. The same result was obtained with the 
continuous variation (Job) method (Fig. 5). The experiments with %n2+, 
Cu2+, and Mn2+ were carried out in aqueous as well as in ethanolic so- 
lutions with the same results shown in Fig. 3. Values from these experi- 
ments were used to calculate the formation constants for the complexa- 
tion reaction shown in Table I according to Scheme I: 


streptonigrin + Zn2+ 2 streptonigrin-Zn2+ 
Schemc I 


where the formation constant K = [streptonigrin-Zn2+]/([streptoni- 
grin]/[Zn"+]). The concentration of each component was obtained from 
the spectrophotometric data according to the relationship: 


where c, and c /  were the absorptivities of the complex (which was the 
absorptivity at very high DNA/streptonigrin-Zn2+ ratios) and of the l i -  
garid. respectively; Cw and Cl were the total initial Zn2+ and streptonigrin 


W 0 0.501 
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Figure 4-Apparent stoichiometry of the I-Zn2+ complex. 
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Figure 5 d o b  plots of streptonigrin-metal complexes. The ordinates 
represent the difference between the absorbance of streptonigrin and 
that of the complex a t  the mole fraction value represented in the ab- 
scissa. The total molarity (ligand plus metal) was constant. 


concentrations, respectively; and A was the observed absorbance 
value. 


Although a 1:l complex could be demonstrated readily in the preceding 
experiments, further I titration with Zn2+ showed progressive increases 
in the difference spectrum intensity. The increase rate showed a slope 
change at  a 5-10-mole ratio for Zn2+ to streptonigrin. This continued until 
a 20-25-mole ratio was reached, beyond which point it remained con- 
stant. This unusual metal to ligand ratio is difficult to rationalize merely 
on the basis of the streptonigrin structure. T o  assess the ionic strength 
influence on the metal complexation, a titration was carried out in the 
presence of sodium chloride (0.1 M ) .  This lowered the end-point, with 
the constant value being obtained a t  a mole ratio of 10-15:l for Zn2+ to 
streptonigrin. 


The streptonigrin structure has many potential sites for complexation 
with zinc: the picolinic acid system, the 2,2-pyridylquinoline system, the 
aminoquinone system, the 2-(3-amino-2-pyridyl)quinoline system, and 
the amino and phenolic functions of rings C and D. The strongest are 
probably the first two. However, they cannot all be involved in com- 
plexation a t  the same time because some atoms or functions taking part 
in complexation are common to several systems. Also, after one proton 
has been displaced to form a complex, additional proton removal is a more 
difficult operation. A more likely explanation for the observed large 
metal-ligand ratios is in terms of mass action; i.e., a sufficiently large 
metal ion excess must be present to form a relatively stable complex in- 
volving more than one metal atom. The term “apparent stoichiometry” 
is used in expressing this relationship until a more detailed picture of the 
interactions emerges. 
DNA Complexation-Although the necessity for zinc was clearly 


demonstrated for streptonigrin binding with DNA, stoichiometry de- 
termination must consider the variable metal to ligand ratios indicated. 
For this reason, I titration with DNA was carried out a t  various Zn2+ to 
streptonigrin ratios (Fig. 6A). In the absence of Zn2+, the difference 
spectrum was nonexistent. In the presence of varying Zn2+, spectro- 
photometric titrations with DNA could be carried out to stable end- 
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Figure 6-A. The numbers represent the molar equivalents ofZn2+ per 
mole ofstreptonigrin during the titration with DNA. B. The maximum 
intensity values from Fig. 6A are plotted against the molar ratio of 
Zn2+-streptonigrin. 
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Figure 7-Gel-chromatography of I-DNA in the presence (A and B) 
and absence (C)  of Zn2+. A. The column was equilibrated with strep- 
tonigrin-zinc (4 X M, respectively) and the DNA 
sample (6.4 X M of DNA-phosphorus) was added. Elution was 
with the same streptonigrin-Zn2+ solution. R. Same as A but the DNA 
sample contained 3.2 X M of streptonigrin. C. Same as A but 
without Zn2+. 


points. A t  Zn2+ to  streptonigrin ratios of 0.5:l and 1:1, the curves were 
of the same order of magnitude. They showed that complexation took 
place between DNA and 1:l streptonigrin-Zn2+. At higher metal to ligand 
ratios, the difference spectrum intensity increased progressively until 
a maximum was reached a t  a zinc to streptonigrin ratio of 81. At still 
higher ratios, the difference spectrum intensity began to decrease. 
In Fig. 6B, the maximum difference spectrum intensity was plotted 


against the Zn2+ to streptonigrin ratio. Extrapolation of the linear por- 
tions gave an intersection point that  corresponded to a ratio of 6-7:l for 
Zn2+ and streptonigrin. This value gave the maximum difference spec- 
trum intensity change, suggesting that a t  this ratio of Zn2+ to strep- 
tonigrin, complexation with DNA was a t  the maximum. Titration of I 
with DNA a t  what appears to be an optimum Zn2+-streptonigrin ratio 
of 7:l showed the pattern commonly seen during complex formation, and 
titration could be performed to a relatively stable end-point. From several 
titrations, a value of 20-25 was obtained for the apparent stoichiometry, 
i.e., 1 mole of streptonigrin/20-25 moles of DNA-phosphorus in the 
presence of 7 moles of Zn2+. Thus, the interaction of I and DNA in the 
presence of Zn2+ parallels that of I and Zn2+, where several moles of metal 
ion per mole of I were required for maximum interaction, as judged by 
the spectral shifts and intensity changes. 


The streptonigrin-Zn2+-DNA complex prepared in a 1:7:25 ratio could 
be diluted up to 10-fold without appreciable dissociation (as shown by 
the Beer’s law plot). The complex was stable to dialysis for 4 days a t  5 O .  


The presence of Zn2+ in the complex was readily demonstrable by the 
A,, (405-410 nm), as well as through the shift induced by edetate sodium 
to 365 nm. 


Gel permeation chromatography was used for further characterization. 
When a I-DNA mixture was chromatographed on a cross-linked dextran 
column, the two appeared as sharp bands a t  their appropriate elution 
volumes. In the presence of Zn2+ (10 molar excess), two bands repre- 
senting hound and free I could be seen during initial column development, 
However, as the elution progressed, they emerged as a very broad band. 
This behavior was not unexpected because of the continuous equilibrium 
alteration during elution. 


The existence of the complex between streptonigrin and Zn2+ and DNA 
could be seen more clearly by the chromatographic procedure described 
previously (13) (Fig. 7A). As the DNA emerged from the column, the peak 
represented not only DNA but also the apparent stoichiometric amount 
of streptonigrin-Zn2+. Since the introduced sample did not have the 


Table  I-I-Metal Complex Formation Constants 


M and 4 X 


K a t  22’ Complex 


I-Zn2+ 
I-Cu2+ 
I-Mn2+ 


1.45 f 0.5 X lo5 M-I 
1.27 f 0.5 X lo5 M-’ 
2.03 f 0.5 X lo4 M-’ 
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required ligand-metal complex concentration, it must have been taken 
up by the DNA from the surrounding solution. The negative peak that 
followed the DNA peak represented the ligand-metal complex removed 
from the solution. The two peak areas were equal. 


Figure 7B shows the behavior when an additional 20 equivalents of 
streptonigrin-Zn2+ were introduced with the DNA sample. The negative 
peak was nearly absent, although the positive peak height due to the 
complex was the same as before. The apparent stoichiometry determined 
from several such elution curves, in which the negative peak was nearly 
absent, was 1 mole of streptonigrin/20-25 moles of DNA-phosphorus in 
the presence of 7 M equivalents of Zn2+. 


The column behavior in the absence of Zn2+ is shown in Fig. 7C. The 
initial negative peak suggested that the DNA displaced I from its position 
on the column and emerged first. The displaced streptonigrin appeared 
as the subsequent positive peak. This finding further indicates that 
complexation did not occur in the absence of Zn2+. 
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Abstract 0 The hydrolysis kinetics of 3-quinuclidinyl benzilate were 
determined over the pH @14 range a t  different temperatures in solutions 
huffered to a constant pH. Analysis of data extrapolated to zero buffer 
concentrations permitted construction of an overall rate expression for 
pH 0-14 and 0-100'. Reaction mechanisms are discussed. 


Keyphrases Quinuclidinyl benzilate-hydrolysis in dilute aqueous 
solution, kinetics, pH, temperature 0 Aminoalcohol esters-quinucli- 
dinyl benzilate, hydrolysis in dilute aqueous solution, kinetics Hy- 
drolysis kinetics-quinuclidinyl benzilate in dilute aqueous solution, pH, 
temperature 


3-Quinuclidinyl benzilate (I), like atropine, is a mus- 
carinic cholinergic antagonist of considerable pharmaco- 
logical interest (1). Among the properties of greatest 
pharmaceutical significance is its hydrolytic behavior in 
dilute aqueous solution. In the present research, sufficient 
information was gained to permit hydrolysis rate predic- 
tion in the absence of high general base or salt concentra- 
tions at  any desired temperature (0-100") or pH (0-14). 


OH 0 


EXPERIMENTAL 


Reagents and  Materials-Technical grade I was dissolved in chlo- 
roform, decolorized with charcoal, and extracted into aqueous hydro- 
chloric acid. The acidic solution was made slightly basic and back-ex- 
tracted with chloroform. Solvent evaporation left a solid residue, which 
was recrystallized twice from ethyl acetate to give a product of at least 
98% purity. 


Anal.-Calc. for: C, 74.75; H, 6.87; N, 4.15; 0, 14.23. Found: C, 74.6; 
H, 7.1; N, 4.3; 0, 14.4. 


Compound I-HCI was prepared by addition of hydrogen chloride- 
saturated ether to a chloroform solution of I; the crystalline precipitate 
was dried carefully. All solutions were made with carbon dioxide-free 
distilled water. Commercial grade buffers were used without additional 
purification. Ether was purified of peroxide by filtration through an 
alumina column. 


Instrumentation-A spectrophotometer' with 1-cm quartz cells or 
10-cm silica cells was used for absorptiometric determinations. The pH 
was determined with a pH meter2. Solvent contamination with stopcock 
grease was avoided through the use of separators with polytef stopcocks 
for liquid-liquid extractions. The  reaction solutions were kept at a con- 
stant temperature with water baths3, or, in some cases, the reacting 
mixtures were sealed in glass vials immersed in appropriate refluxing 
solvents that  kept the temperature constant. 


Procedure-Products were isolated from a pH 11.5 reaction mixture 
that was kept 4 hr a t  60'. Only benzilic acid and 3-quinuclidinol were 
found; these compounds were identical to authentic samples according 
to IR and melting-point analyses. 


I 
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vation for I was -3 kcal/mole less than that of cefazolin. This difference 
was manifested in the larger k o  value at  pH 9.4 for I. The results of this 
study are in agreement with expected effects of structural changes at  R1 
on the pH-rate profiles of cephalosporin derivatives. 
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Abstract 0 A highly sensitive and specific method for hydrocortisone 
determination in plasma is described. In this method, an internal stan- 
dard (A4-pregnen-17a,20~,21-triol-3,11-dione) was added to plasma, 
which was then extracted with a mixture of methylene chloride-ether 
(6040). After separation and evaporation of the organic phase, deriva- 
tization was carried out with dansylhydrazine. Upon completion of the 
reaction, the excess dansylhydrazine was reacted with pyruvic acid and 
a second extraction and evaporation step was performed. The residue 
was taken up in 100 pl of the high-pressure liquid chromatographic mo- 
bile phase, and 5 pl was injected onto a microparticulate silica column. 
Elution was carried out with an ethylene dichloride-butanol-water 
(91:8.50.5) mobile phase. The effluent was monitored with a fluorescence 
detector (excitation 240 nm; emission 470-nm cutoff filter). A linear 
calibration curve was found from 5 to 150 ng/ml with the precision esti- 
mated to be &7% (CV). 


Keyphrases Hydrocortisone-analysis, high-pressure liquid chro- 
matography, fluorometry, plasma, humans 0 Glucocorticoids-hydro- 
cortisone, high-pressure liquid chromatographic and fluorometric 
analysis, plasma, humans High-pressure liquid chromatography- 
analysis, hydrocortisone, human plasma, fluorometry 


Hydrocortisone is a potent anti-inflammatory, immu- 
nosuppressive, and antiallergenic drug (1). Since the dis- 
covery of hydrocortisone, numerous synthetic glucocor- 
ticoids have been prepared. However, hydrocortisone re- 
mains an important agent in modern adrenocorticoid 
steroid therapy. 


Various analytical methods have been used to assay 
hydrocortisone in plasma including fluorescence (2, 3), 
competitive protein binding (4), enzyme immunoassay (5), 
and radioimmunoassay (6). All of these methods have 
problems with specificity. More recently, high-pressure 
liquid chromatographic (HPLC) methods for hydrocor- 
tisone assay in plasma have appeared (7-10). Most HPLC 


methods exhibit the required specificity but do not provide 
the low nanogram per milliliter sensitivity needed for 
bioequivalence studies. This paper describes a highly 
sensitive and specific HPLC assay for plasma hydrocor- 
tisone that can be used in bioequivalence studies. 


EXPERIMENTAL 


Apparatus-The modular high-performance liquid chromatograph 
consisted of a constant-flow pump’, a valve-type injector*, a fluorescence 
detector3 (excitation 240 nm; emission 470-nm cutoff filter), and a 
strip-chart recorder“ (0.5 cm/min). A stainless steel column (4.6 mm i.d. 
X 250 mm) packed with fully porous, irregularly shaped 5-pm silica5 was 
obtained commercially. 


Chromatographic Conditions-The mobile phase was ethylene di- 
chloride-butanol-water (91:8.5:0.5). A flow rate of 1.5 ml/min was es- 
tablished (2200 psig), and the column was equilibrated for 16 hr. The 
column was maintained at 19.5O by inserting it into a glass sleeve, which 
was immersed in a constant-temperature water batha. 


Reagents and Materials-Hydrocortisone7, A4-pregnen-17a,- 
20a,21-triol-3,11-dione7 (internal standard), pyruvic acids, and dan- 
sylhydrazines were obtained from commercial sources. All were used as 
received except dansylhydrazine, which was recrystallized from chloro- 
form prior to use. Solvents used were spectroanalyzed ethylene dichlo- 
rides, HPLC-grade butanol, methylene chloride, and etherlo. All other 
materials were reagent grade. 


1 Chromatography pump, model M6000A, Waters Associates, Milford, Mass. 
2 Sample injection valve, model U6K, Waters Associates, Milford, Mass. 


4 Model 9176, Varian Instruments, Palo Alto, Calif. 
6 Prepacked Hibar I1 column with Lichrosorb SI-60 5-pm silica, Applied Science 


6 Model 3080, Lab-Line Instruments. Melrose Park, Ill. 
7 Sigma Chemical Co., St. Louis, Mo. 
8 Fisher Scientific Co., Pittsburgh, Pa. 
9 Regis Chemical Co.. Morton Grove, 111. 


10 Burdick & Jackson Laboratories, Muskegon. Mich. 


Model FS970, Schoeffel Instruments, Westwood, N.J. 


I.aboratories, State College, Pa. 
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Figure 1-Chromatogram obtained from HPLC assay of control human 
plasma (left) and control plasma spiked with an additional 50 ng of 
hydrocortisonelml (A) (right). Both were spiked with 200 ng of internal 
standardlml (B). 


I 


Stock solutions of hydrocortisone and the internal standard were 
prepared individually by dissolving 10 mg of each in 100 ml of methanol 
and making appropriate dilutions. Plasma standards were prepared by 
taking small volumes of the stock hydrocortisone solutions and adding 
them to control plasma. The dansylhydrazine solution was prepared by 
dissolving 20 mg of reagent in 10 ml of absolute ethanol. 


The ethanolic hydrochloric acid solution was prepared by adding 0.65 
ml of concentrated hydrochloric acid to 1 liter of absolute ethanol. For 
the pyruvic acid solution, 40 mg of pyruvic acid was added to 10 ml of 
absolute ethanol. The phosphate buffer was prepared by titrating a 1.0 
M solution of dibasic potassium phosphate to pH 8.8 with a 1.0 M solution 
of monobasic potassium phosphate. 


Assay-To 1 ml of plasma in a 12-ml glass-stoppered conical centrifuge 
tube was added 200 ng of the internal standard (20 pl of a lO-ng/pl 
methanolic solution). The tubes were mixed", and then 6 ml of methylene 
chloride-ether (6040) was added. After mixing for 30 sec, the samples 
were centrifuged and the organic phase was transferred to a second tube. 
The solvent was evaporated12 under a gentle nitrogen stream. To the 
residue were added 100 pl of ethanolic hydrochloric acid and 100 pl of 
ethanolic dansylhydrazine. 


After the solution reacted for 1 hr a t  room temperature, 100 pl of the 
pyruvic acid solution was added. After 15 min at  room temperature, 2 ml 
of phosphate buffer and 6 ml of methylene chloride-ether (6040) were 
added. The samples were mixed for 30 sec and centrifuged, and the or- 
ganic phase was transferred to a third test tube. After solvent evaporation, 
the residue was dissolved in 100 p1 of the HPLC mobile phase and 5 p1 
was injected. 


The hydrocortisone concentrations were determined from standard 
curves prepared by plotting peak height ratios of the dansylhydrazones 
of' hydrocortisone and internal standard uersus the spiked concentrations. 
To correct the standard curve for endogenous hydrocortisone in control 
plasma, the corresponding peak height ratio was subtracted from all data 
points used in the standard curve. 


Recovery-Plasma aliquots (1 ml) were spiked with known serial 
hydrocortisone quantities. After the samples were treated as described, 
the peak heights for the hydrocortisone dansylhydrazones (corrected for 
endogenous hydrocortisone) were compared to the peak heights obtained 


Vortex-Genie, Fisher Scientific Co.. Pittsburgh, Pa. 
N-Evap, Organomation Associates, Shrewsbury, Mass. 


from the same amount of drug that was derivatized but not extracted. 
The ratio of the slopes was used to estimate percent recovery. 


Precision-Normal human plasma aliquots were spiked with known 
amounts of hydrocortisone to give several concentrations. The samples 
were assayed in quadruplicate as described. 


RESULTS AND DISCUSSION 


Before bioequivalence requirements are proposed for a drug, adequate 
methodology should be available. Although numerous methods exist for 
assaying hydrocortisone, no one method has the required specificity or 
sensitivity. 


In initial studies with the existing HPLC methods, sensitivity seemed 
to be the major obstacle for bioequivalence studies. Levels of 25 nglml 
or lower were difficult to measure. One approach to increase the sensi- 
tivity of these HPLC assays would be to introduce a fluorophore into the 
molecule. This fluorophore would allow the use of a fluorescence detector 
with its inherent greater sensitivity. 


Derivatization of steroid keto groups has been extensively studied 
(12-15). In reactions with 2,4-dinitrophenylhydrazines, Reich et al. (12) 
reported that the 3-keto group reacted faster than the 17- or 20-keto 
group. Van Den Heuvel and Homing (15) also found that the reaction 
between 1,l-dimethylhydrazine and the steroid keto groups was position 
dependent, with the 3-keto group reacting more easily than the 20-keto 
group and with no reaction for the 11-keto group. 


With the introduction of dansylhydrazine (111, a valuable reagent was 
added to the armory of derivatization reagents that could enhance 
chromatographic sensitivity. Dansylhydrazine was found to follow the 
same position dependency as the other hydrazines (13). 


When the hydrocortisone dansylhydrazone (I) was prepared and 
subjected to HPLC analysis, two peaks were observed. These peaks were 
collected and analyzed by NMR. Both peaks had similar properties, 
pointing to the formation of syn- and anti-isomers a t  the 3-keto position, 
although no definitive conclusion could be drawn. Similar geometric 
isomers of the syn- and anti-types have been found for the 3-keto steroids 
when reacted with pentafluorobenzylhydroxylamine (14). Further evi- 
dence that the two peaks were indeed the syn- and anti-forms of the 
3-keto dansylhydrazones was obtained by reacting the internal standard 
with dansylhydrazine. 


The internal standard used in these studies is a particularly good one, 
since the functionality is identical, differing from hydrocortisone only 
in the position of the second keto group. Even though the internal stan- 
dard has only one reactive keto group in the 3-position, again two peaks 
with similar chromatographic properties were found. These results in- 
dicate that a t  least with hydrocortisone and the internal standard, the 
3-keto group is most reactive with dansylhydrazine and the two deriva- 
tives formed are the syn- and anti-isomers. 


Attempts were made to vary the reaction conditions to change the ratio 
of the two peaks. No change was observed when temperature or reaction 
time was varied. Similar results were observed with the internal standard. 
The ratio was independent also of the hydrocortisone concentration. 
Therefore, the use of this derivatization for quantitative purposes seemed 
possible. 


Both reversed-phase partition chromatography on a C-18 column and 
normal-phase adsorption chromatography on a microparticulate silica 
column were studied. The adsorption mode was chosen because a cleaner 
chromatogram was found after analysis of control plasma. The initial 
column stability problem was overcome by incorporating a small per- 
centage of water in the mobile phase (16). In addition, room temperature 
variations affected column performance, resulting in peak shape changes 


CH,OH 


k=o 
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Table I-HPLC Method Precision 


Theoretical Experimental 
Concentration, Concentration, ng/ml, 


ng/ml Meann (Range) cv, % 


10 9.8 (8.1-11) 12.3 
20 19 (17-21) 8.6 
40 38 (38-40) 2.3 
60 60 (53-65) 8.3 
80 80 (78-84) 3.0 


o n = 4 .  


that adversely affected assay precision. Instituting column temperature 
control resolved this issue. 


After plasma was analyzed for endogenous hydrocortisone, the re- 
sulting peaks had the same retention times and peak widths as the 
standard. For further confirmation that hydrocortisone was present and 
that no interfering peaks were hidden under the dansylhydrazone peaks, 
the standard addition technique was used. The peak heights were addi- 
tive, and the peak widths at half-height were constant. 


Chromatograms obtained in the analysis of human plasma containing 
only endogenous hydrocortisone and 200 ng of internal standard/ml and 
the same plasma spiked with an additional 50 ng of hydrocortisone/ml 
and 200 ng of internal standard/ml are shown in Fig. 1. Two peaks were 
found for each of the two compounds, as discussed previously. The peaks 
associated with the hydrocortisone derivatization had retention times 
of 8.4 and 10.0 min. The peaks associated with the internal standard 
derivatization had retention times of 16.8 and 18.6 min. The first of these 
two peaks for each compound was used in calculating peak ratios. 


A standard linear plasma calibration curve was obtained in the 5- 
150-ng/ml range. Sensitivity studies with the hydrocortisone dansylhy- 
drazone showed that as little as 0.25 ng can be detected. The recovery of 
hydrocortisone added to control plasma was studied by comparing the 
ratio of slopes obtained for the plasma extraction standard curve and for 
the direct standard curve. The recovery was calculated to be 83%. 


To study method precision, known drug amounts were added to control 
plasma. These samples were assayed in quadruplicate as described. The 
coefficients of variation ( C V )  for the assay of hydrocortisone over the 
range of 10-80 ng/ml are reported in Table I. 


This method was developed for planned bioequivalence studies with 
hydrocortisone tablets in which dexamethasone was to be used to sup- 
press endogenous hydrocortisone. Therefore, the possibility of dexa- 
methasone interference in the assay had to be explored. In these studies, 
dexamethasone was added to plasma to give a final concentration of 200 
ng/ml. This concentration was well above the dexamethasone concen- 
tration expected in the study. These samples and the same control plasma 
were assayed for endogenous hydrocortisone. The hydrocortisone con- 
centration in the control plasma was determined to be the same as that 
in the control plasma to which dexamethasone had been added. Thus, 
it can be concluded that dexamethasone had no effect on the HPLC assay 
for hydrocortisone. 


Table 11-Plasma Endogenous Hydrocortisone from Three Human 
Volunteers 


Concentration, 
Subject ng/ml CV”, % 


A 83.2 5.1 
B 79.6 1.2 
C 80.8 4.0 


Q n = 3 .  


T o  demonstrate the utility of this method as a routine procedure for 
hydrocortisone determination, plasma from normal volunteers was as- 
sayed (Table 11). Results were in the accepted concentration range for 
endogenous hydrocortisone (17). 
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Abstract o Osmolality-concentration profiles for individual and mixed 
solute systems are presented. Linear relationships between osmolality 
and concentration held true in all systems examined a t  concentrations 
below 0.2 molal levels. A t  higher concentrations, linearity existed only 
in select systems. Deviations from linearity can be greater or less than 
extrapolated values. In view of the need to determine an osmolarity 
conversion factor for each parenteral formulation and the many errors 
possible in the use of these values, adoption of osmolality values for la- 
beling parenteral products rather than osmolarity, as stipulated in USP 
XIX-NF XIV third supplement, is strongly recommended. 


Keyphrases Osmolality-parenteral solutions, compared to osmo- 
larity, calculations 0 Osmolarity-parenteral solutions, compared to 
osmolality, calculations Parenteral solutions-osmolality and osmo- 
larity compared, calculations 


Use of the terms osmolality and osmolarity was once 
confined largely to clinical laboratories and hospital 
pharmacies; however, the terms are now being applied to 
parenteral solutions. The third supplement of USP 
XIX-NF XIV (1) requires that pharmacopeial solutions 
providing intravenous replenishment of fluid, nutrients, 
or electrolytes, as well as the osmotic diuretic mannitol 
injection, state the osmolar concentration. 


These terms are not familiar to many; and with the 
compendia1 requirements for labeling, it seems appropriate 
to discuss them at length. The purposes of this manuscript 
are to review the important theoretical considerations of 
osmolality and osmolarity and to present a few experi- 
mentally obtained osmolality-concentration profiles to 
illustrate the interrelation of some representative solutes 
utilized in parenteral formulas. This information serves 
as a basis for a recommendation on parenteral labeling. 


BACKGROUND 


Labeling-Ih 1975, USP XIX required sodium chloride injection la- 
beling to state the total osmolarity of the solution, expressed in millios- 
moles per liter. Since label components of a quantitative nature usually 
require some analytical method to demonstrate the label claim within 
limits, it was considered reasonable to determine what production ex- 
perience would show in lot-to-lot variation. 


As some investigators discovered, instrumentation measures the os- 
molality of a solution, milliosmoles per kilogram of solvent, not the os- 
molarity, milliosmoles per liter of solution. To he precise for labeling 
purposes, a search was undertaken for a mathematical expression to relate 
these two entities. Little was found in the literature or  textbooks to equate 
these two terms. The problems in this area were recognized previously 
and reviewed at  length (2). Previous investigators also attempted to 
equate the two expressions to resolve the problem and pointed out that  
solution measurements can be carried out only in terms of osmolality. 
In the physical chemistry discipline, osmolality is used and is well defined 
in terms of basic concepts. In pharmaceutical practice, a definition of 
osmolarity has been developed, but a derivation of the basic relationship 
between osmolality and osmolarity was not found. 


Streng et al. (3) carried out this mathematical exercise and determined 
that osmolarity was not measurable as a defined parameter. The con- 
version of osmolality measurements to osmolarity requires determination 
of the partial molal volume of the solute(s) a t  infinite dilution and the 
density of the pure solvent. In simple one-solute aqueous systems, this 
determination is not difficult, and a single conversion factor can be de- 


termined for all concentrations. For more complex systems such as hy- 
peralimentation fluids, conversion factor determination becomes more 
complex and questionable. 


The alternative to such a dilemma would be to label the products in 
osmolality terms, directly measurable by instrumentation, provided the 
concentrations are within the 100-2000-milliosmoles/kg range usually 
measurahle with commercially available osmometers. 


Osmolarity Calculations-Pharmacists over the years have used 
gravimetric measurements for solids and volumetric measurements for 
liquids. The preparation of solutions by weighing the liquid occurs pri- 
marily in industry. This practice of bringing solutions to volume rather 
than using a specific solvent weight has led to the term osmolarity. 


Although one cannot measure osmolarity (osmoles or milliosmoles per 
liter of solution), it is commonly assumed the numerical values do not 
differ significantly from those of osmolality (milliosmoles per kilogram 
of solvent) and that the two can be used interchangeably. This assump- 
tion may be reasonable in some cases. However, these terms must be fully 
understood so that they can be used correctly and, perhaps, inter- 
changeably where the error is negligible or insignificant. 


Calculations in the pharmaceutical literature that utilize osmolality 
or osmolarity values assume that the values change in direct proportion 
to the change in solute(s) concentration. The literature also teaches that 
the osmolality/osmolarity values for individual solute systems can be used 


L 1 
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Figure 1-Osmolality-molar concentration profiles of sodium chloride 
(A), potassium chloride (a), sodium acetate ( O ) ,  andsodium tartrate 
(a) aqueous sofutions. . 
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Table I-Osmotic Coefficients for Sodium Chloride a n d  Calcium Chloride Aqueous Solutions at 25" 


Molal 
Concentration (m) 


0.100 
0.200 
0.300 
0.400 
0.500 
0.600 
0.700 
0.800 
0.900 
1 .ooo 


Molar Concentration (Ma) Osmotic Coefficient a t  25' ( v *~ )  
Sodium Calcium Sodium Calcium 
Chloride Chloride Chloride Chloride 


0.098 
0.196 
0.294 
0.391 
0.488 
0.587 
0.685 
0.783 
0.881 
0.978 


0.098 
0.197 
0.296 
0.394 
0.494 
0.592 
0.690 
0.786 
0.880 
0.974 


0.9324 
0.9245 
0.9215 
0.9203 
0.9209 
0.9230 
0.9257 
0.9288 
0.9320 
0.9355 


0.854 
0.862 
0.876 
0.894 
0.917 
0.940 
0.963 
0.988 
1.017 
1.046 


Osmolality, mOs/kg 
Sodium Calcium 
Chloride Chloride 


186.5 256.2 
369.8 517.2 
552.9 788.4 
736.2 1072 


1677 2745 
1871 3138 


a Calculated from m = loo0 X MIC,,. The C, values were obtained from Ref. 6. 


additively to calculate the value for a solution containing two or more 
solutes. 


In reality, few solutions exhibit a linear relationship between osmolality 
and concentration except in dilute solutions, and the linear concentration 
range varies from one substance to another. The assumption of an ad- 
ditive property was tested and t'ound to hold for all solutions tested a t  
less than 0.2 molal concentrations. The results constitute the following 
experimental section. 


Basic Principles-Before proceeding further, a review of basic 
principles should be extended to clarify the terminology. A solution can 
be characterized by what is referred to in physical chemistry as its colli- 
gative properties: ( a )  freezing point, ( b )  boiling point, ( c )  vapor pressure, 
and ( d )  osmotic pressure. All of these measurable parameters are related 
to the same physical property: the ratio of solute "particles" to molecules 
of water or mole fraction of water. 


Osmolality is defined as that mass of solute which, when dissolved in 
1 kg of water, will exert an osmotic pressure equal to that exerted by a 
gram-molecular weight of an ideal unionized substance dissolved in 1 kg 
of water. Osmolarity is defined as that mass of solute which, when dis- 
solved in 1 liter of solution, will exert an osmotic pressure equal to that 
exerted by a gram-molecular weight of an ideal unionized substance 
dissolved in 1 liter of solution. 


From the derivations of Streng et al. (3), osmolality can be described 
by: 


Frn = vmcp= (Eq. 1) 
69 


UI 
where: 


&,, = osmolality 
u = number of ions into which the solute theoretically dissociates 


m = molality of the solution 
cp = osmotic coefficient 


u 1  


-0 
- = ratio of the partial molal volumes for the solvent a t  infinite 


dilution and in the solution 


$5 12 
+ -0 I 


I . .  
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100 90 80 70 60 50 40 30 20 10 0 NaCl 
PERCENT 


Figure 2-Osmolality-molar concentration profile of mixtures of so- 
dium chloride and potassium chloride in aqueous solutions. Key: ., 
measured osmolality values for aqueous solutions containing a mixture 
of sodium chloride and potassium chloride totaling 1.0 M concentra- 
tions; 0, calculated osmolality values determined by summing values 
for each component at its respective concentration; and 0, measured 
osmolality and calculated osmolality values for solutions containing 
mixtures of sodium chloride and potassium chloride at 0.5 M total 
concentration. 


For the concentration ranges normally considered, the ratio ($,%1) 


Osmolarity is described by: 
has a value close to onel. 


where: 
& = osmolarity 
cf! 9 density of the pure solvent 
0 2  - partial molal volume of the solute 


t 
I' 


r ' o  
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(Eq. 2) 
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Figure 3-Osmolality-molar concentration profile for aqueous solu- 
tions of calcium chloride (0 )  and sodium sulfate (0). 


The ratio (?I&) is dependent upon the solute system. There is, however, little 
difference in this ratio between simple salt solutions. Sodium chloride solution has 
a value of 1.001 for a 1 molal concentration. 
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Figure 4--0smolality-molar concentration profile for aqueous solu- 
tions of dibasic sodium phosphate (0 )  and monobasic sodium phosphate 
(0). 


Thus, osmolarity can he calculated from osmolality measurements by: 


tC = t m [ d y ( l  - O.OOli$)] (Eq. 3) 
The conversion factor [d$1 - 0.001i78)] for sodium chloride solutions 


is 0.98049: for potassium chloride solutions, it is 0.97041 (3). 
Partial molal volumes are available in the literature for some solutes; 


however, for most pharmaceutical compounds, it is necessary to deter- 
mine these values experimentally. 


Table I shows the osmotic coefficients and nsmolality values for sodium 
chloride and calcium chloride solutions taken from the literature (4). 


L- 
O 10 20 % - 4 7 5 r  60 7’0 ab 90 ido KCI 


100 90 80 7 0  60 50 40 30 20 10 0 CaCI, 
PERCENT 


Figure 5-Osmolality-molar concentration profile of aqueous solutions 
containing mixtures of calcium chloride and potassium chloride. Key: 
0, measured osmolality values for mixtures of calcium chloride and 
potassium chloride totaling 1 . 1  M chloride concentration; 0,  calculated 
osmolality values determined by summing ualues for each component 
at its respective concentration: and 0, measured osmolality and cal- 
culated osmolality values for mixtures of calcium chloride and potas- 
sium chloride at 0.55 total chloride concentration. 
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Figure 6-Osmolality-molar concentration profiles for aqueous solu- 
tions of dextrose (.), mannitol (O), and sorbitol (A). 


Osmotic coefficients can be found in these tables for many electrolytes 
and for a few nonelectrolytes. However, coefficients for most pharma- 
ceutical compounds need to be determined. Examination of Table I shows 
that deviation from linearity is small for sodium chloride in terms of 
milliosmoles per kilogram up to a 1.0 molal concentration. For calcium 
chloride solutions, the deviation becomes much greater. In the case of 
a twofold dilution of a 0.8 molal solution, the value is about 100 mOs/kg 
less than expected. For the same dilution with sodium chloride solution, 
the value is only 7 mOs/kg less than expected. A 0.9% sodium chloride 
solution is -0.15 molal. 


EXPERIMENTAL 


Experiments were carried out to determine the extent of change in the 
osmolality as a function of concentration for various solutes and for 
mixtures of these solutes in aqueous solutions. 


Solutions were prepared, in the usual manner, on a molar rather than 
molal basis; a concentration-osmolality profile was obtained for each 
solute as well as for solute combinations in aqueous solution. Any con- 
centration representation could have been used, such as milligrams per 
milliliter or molality. All molar concentrations were calculated on an 
anhydrous basis. 


A vapor pressure osmometer’ was used to measure the osmolality 
(milliosmoles per kilogram) of each solution. Prior to use, the instrument 
was calibrated with the appropriate sodium chloride reference standard:’. 
A minimum of three readings was taken for each solution, and the stan- 
dard deviations fell well within the areas of the open or solid geometric 
forms used in the graphs. 


Profiles of the experimental solutions for sodium chloride, potassium 
chloride, sodium acetate, calcium chloride, sodium sulfate, dibasic sodium 
phosphate, and monobasic sodium phosphate were checked against 
calculated profiles obtained by using the osmotic coefficients reported 
in the literature (4 )  for the solutes in solutions a t  25’ (tm = vm929) .  In 
all cases except calcium chloride, the experimental osmolality values did 
not differ significantly from the calculated values. For calcium chloride, 
the values were slightly less than expected, indicating that the material 
contained water and was not completely anhydrous. Due to the hygro- 
scopic nature of anhydrous calcium chloride, this finding was not sur- 
prising. 


Profiles for dextrose, mannitol, and sorbitol sugars were also deter- 
mined. These compounds are used in parenterals and are representative 
of nonionizing substances. Similar profiles for some of these components 
were reported previously (2). 


Wescor, 5100. 
Reference standards were obtained from Wescor, Inc., and prepared by New 


England Reagent Laboratories (Rhods Island) on a molal basis according to Fiske 
(5). 
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Figure 7-Osmolality-molar concentration profile for aqueous solu- 
tions containing equal molar amounts of calcium chloride and dextrose. 
Key: 0 ,  measured osrnolality values for mixtures of calcium chloride 
and dextrose; and 0 ,  calculated osmolality values determined by 
summing values for each component at i t s  respective concrntration. 


To determine the resulting osmolality values for combinations of these 
components, solutions with various compositions and concentrations were 
measured as a function of concentration. The values obtained were then 
compared to calculated values, assuming additive relationships for each 
component, as is common practice. 


RESULTS 


Monovalent Solutes-Figure 1 shows the approximately linear re- 
sponse between osmolality and concentration, up to 1.0 M, for sodium 
chloride, potassium chloride, sodium acetate, and sodium tartrate. Figure 
2 shows the measured osmolality values for sodium chloride-potassium 
chloride mixtures made in different ratios a t  1 M and diluted to 0.5 M 
total Concentrations. The measured osmolality value for each mixture 
differed or agreed with the sum of the experimentally obtained values 
for each compound as shown. For the mixed salts a t  1 M concentration, 
the values differed by as much as 50 mOs/kg in the region where ratios 
between 4060 and 6040 were used. Upon dilution to 0.5 M, these same 
solutions gave measured results identical to calculated values. 


Polyvalent Solutes-Figure 3 shows the values obtained for calcium 
chloride and sodium sulfate. With calcium chloride, the osmotic coeffi- 
cient values increased as the concentration increased from 0.1 to 1.0 molal; 
with sodium sulfate, the coefficient decreased over this same range. The 
result is a positive deviation (higher values) with increased concentration 
for calcium chloride solutions but negative deviation (lower values) with 
increased concentration for sodium sulfate solutions. 


Figure 4 illustrates a negative deviation for the phosphate salt (dibasic 
sodium phosphate and monobasic sodium phosphate) solutions. Although 
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Figure 8-Osmolality-molar concentration profile for aqueous solu- 
tions containing equal molar amounts of sodium sulfate and dextrose. 
Key: 0, measured osmolality values for mixtures of sodium sulfate and 
dextrosc.; and 0, calculated osmolality values determined by summing 
values for each component at its respective concentration. 


not as obvious as in a plot using molal concentrations vwsus osmolality, 
the greater negative deviation from linearity of dibasic sodium phosphate 
solutions over monobasic sodium phosphate solutions is apparent since 
the number of ions, u, for dibasic sodium phosphate is three and that for 
monobasic sodium phosphate is two. 


Solutions containing mixtures of potassium chloride and calcium 
chloride in varying ratios to give 1.1 M chloride concentrations were 
studied in the same manner as potassium chloride and sodium chloride. 
The difference between the calculated and measured values for 1.1 M 
solutions can be seen in Fig. 5. Again, dilution to 0.55 M concentration 
gave the same calculated values as observed values. 


Nonionic Suga r  Solutes-Figure 6 shows the relationships obtained 
for the nonionizing sugars dextrose, mannitol, and sorbitol. A11 three 
showed a positive deviation from linearity above 0.4 M concentrations, 
and the osmolality values agreed very closely with each other for the same 
molar concentrations. For a point of comparison, a 5% dextrose solution 
is -0.3 M and a 20% solution is -1  M. 


Solutions of Ionic and  Nonionic Solutes-Finally, solutions pre- 
pared with an ionic salt and nonionic dextrose gave the results shown in 
Figs. 7-9. In the first experiment, calcium chloride and dextrose, both 
positive deviating solutes, were combined in solution to give the results 
shown in Fig. 7. A positive deviation greater than that calculated for the 
contribution of each solute was found for total concentrations above 4 . 4  
M. 


Combination of the negatively deviating solute sodium sulfate with 
dextrose, a positively deviating solute, gave the results shown in Fig. 8. 
The calculated sum of the values from each single solute system was in 
close agreement with the measured values. In addition, combination of 
these two solutes in equal amounts resulted in a linear profile up to 1.0 
M total concentration. 


A combination of equal molar concentrations of sodium chloride and 
dextrose gave a linear response in total concentrations up to 0.9 M and 
a positive deviation a t  concentrations above 1 M (Fig. 9). For this com- 
bination, summation of the osmolality values obtained for each compo- 
nent was on the low side, and the error appeared to increase as the total 
concentration progressed above 1 M. 
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Key: 0,  measured osmolality values for mixtures of sodium chloride and 
dextrose; and 0 ,  calculated osmolality values determined by summing 
oalues for each component at its respectiue concentration. 


DISCUSSION 


These studies demonstrated that the measured osmolality values for 


solute mixtures above 0.2-0.4 M concentrations differed from calculated 
values by amounts that were dependent on the total solute concentration 
and the specific combination of solutes. In general terms, if the osmolality 
of the solution exceeded 500-800 mOs/kg, a difference between measured 
and calculated values could be expected. The deviations also could be 
greater or less than calculated values, depending on the solutes. 


Although these experiments were carried out with volumetrically 
formulated solutions, it would have been well to have used molal con- 
centrations and weighed the solvent as well as the solutes. Recalculation 
of the molar solutions to molal equivalents in order to compare experi- 
mental results with literature values was tedious and not possible in some 
cases. 


Measurement of solution colligative properties is based an the molal 
relationship; use of molar concentrtrtions makes calculations more dif- 
ficult or, possibly, incorrect i f  the molar concentration is assumed to he 
the same as a molal Concentration. Although it may be more convenient 
to formulate by volumetric measurement, for accuracy and meaningful 
data interpretation, this practice should be abandoned when carrying 
out research in this area. There is also the added advantage of avoiding 
the errors introduced when incorrectly cahbrated volumetric equipment 
is used or when the solution temperature is not controlled. 


Based on these considerations, it is recommended that osmolality 
values be used in labeling parenteral products and that the term osmo- 
larity be avoided. This practice would eliminate the need to determine 
a conversion factor for each parenteral system. In some cases, it may be 
impossible to calculate a conversion factor and only osmolality values 
can be obtained. 
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required ligand-metal complex concentration, it must have been taken 
up by the DNA from the surrounding solution. The negative peak that 
followed the DNA peak represented the ligand-metal complex removed 
from the solution. The two peak areas were equal. 


Figure 7B shows the behavior when an additional 20 equivalents of 
streptonigrin-Zn2+ were introduced with the DNA sample. The negative 
peak was nearly absent, although the positive peak height due to the 
complex was the same as before. The apparent stoichiometry determined 
from several such elution curves, in which the negative peak was nearly 
absent, was 1 mole of streptonigrin/20-25 moles of DNA-phosphorus in 
the presence of 7 M equivalents of Zn2+. 


The column behavior in the absence of Zn2+ is shown in Fig. 7C. The 
initial negative peak suggested that the DNA displaced I from its position 
on the column and emerged first. The displaced streptonigrin appeared 
as the subsequent positive peak. This finding further indicates that 
complexation did not occur in the absence of Zn2+. 
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Abstract 0 The hydrolysis kinetics of 3-quinuclidinyl benzilate were 
determined over the pH @14 range a t  different temperatures in solutions 
huffered to a constant pH. Analysis of data extrapolated to zero buffer 
concentrations permitted construction of an overall rate expression for 
pH 0-14 and 0-100'. Reaction mechanisms are discussed. 


Keyphrases Quinuclidinyl benzilate-hydrolysis in dilute aqueous 
solution, kinetics, pH, temperature 0 Aminoalcohol esters-quinucli- 
dinyl benzilate, hydrolysis in dilute aqueous solution, kinetics Hy- 
drolysis kinetics-quinuclidinyl benzilate in dilute aqueous solution, pH, 
temperature 


3-Quinuclidinyl benzilate (I), like atropine, is a mus- 
carinic cholinergic antagonist of considerable pharmaco- 
logical interest (1). Among the properties of greatest 
pharmaceutical significance is its hydrolytic behavior in 
dilute aqueous solution. In the present research, sufficient 
information was gained to permit hydrolysis rate predic- 
tion in the absence of high general base or salt concentra- 
tions at  any desired temperature (0-100") or pH (0-14). 


OH 0 


EXPERIMENTAL 


Reagents and  Materials-Technical grade I was dissolved in chlo- 
roform, decolorized with charcoal, and extracted into aqueous hydro- 
chloric acid. The acidic solution was made slightly basic and back-ex- 
tracted with chloroform. Solvent evaporation left a solid residue, which 
was recrystallized twice from ethyl acetate to give a product of at least 
98% purity. 


Anal.-Calc. for: C, 74.75; H, 6.87; N, 4.15; 0, 14.23. Found: C, 74.6; 
H, 7.1; N, 4.3; 0, 14.4. 


Compound I-HCI was prepared by addition of hydrogen chloride- 
saturated ether to a chloroform solution of I; the crystalline precipitate 
was dried carefully. All solutions were made with carbon dioxide-free 
distilled water. Commercial grade buffers were used without additional 
purification. Ether was purified of peroxide by filtration through an 
alumina column. 


Instrumentation-A spectrophotometer' with 1-cm quartz cells or 
10-cm silica cells was used for absorptiometric determinations. The pH 
was determined with a pH meter2. Solvent contamination with stopcock 
grease was avoided through the use of separators with polytef stopcocks 
for liquid-liquid extractions. The  reaction solutions were kept at a con- 
stant temperature with water baths3, or, in some cases, the reacting 
mixtures were sealed in glass vials immersed in appropriate refluxing 
solvents that  kept the temperature constant. 


Procedure-Products were isolated from a pH 11.5 reaction mixture 
that was kept 4 hr a t  60'. Only benzilic acid and 3-quinuclidinol were 
found; these compounds were identical to authentic samples according 
to IR and melting-point analyses. 


I 
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To determine the I hydrolysis rates, concentration analyses were made 
a t  appropriate intervals. The reaction solutions were buffered to a con- 
stant pH, adjusted to 0.055 ionic strength with sodium chloride, and 
thermostated to within f2'. Kinetic experiments above pH 9 were per- 
formed under a nitrogen atmosphere to reduce carbon dioxide absorp- 
tion. 


Because of the limited solubility of I at high pH, two analytical pro- 
cedures were employed. Each reaction mixture for studies below pH 7 
was a t  an initial I-HCI concentration of 0.0023 M. Ten-milliliter aliquots 
of the reaction mixture were taken a t  appropriate intervals, mixed with 
2 ml of 1.3 M H2S04, and extracted with 10 ml of ether to remove benzilic 
acid. The aqueous extraction layer was collected and analyzed spectro- 
photometrically for I (as the protonated species, I.H+) a t  258 nm using 
a 1-cm light path cell. 


For kinetic studies above pH 9, initial concentrations of 0.00026 M 
I-HCI were used. Forty-milliliter aliquots of the reaction mixtures were 
extracted with mixtures of 40 ml of ether and 8 ml of 1.3 M HpS04. 
Aqueous layers were analyzed spectrophotometrically as already de- 
scribed with 10-cm light path silica cells. 


No appreciable error was introduced in the analyses due to I hydrolysis 
after extraction of the acidified mixtures since the molar absorptivities 
of I and benzilic acid were not significantly different. The molar ab- 
sorptivities at  258 nm were 479 and 481, respectively. Also, the hydrolysis 
reaction in acid a t  25' was extremely slow. There was a slight shift in the 
spectrum when benzilic acid was converted to the benzilate ion, but this 
shift was not noticeable a t  258 nm. 


Data  Analysis-The linearity of semilogarithmic I absorbance plots 
(and, hence, of concentration) invariably indicated first-order kinetics. 
The pseudo-first-order rate constants, kobs,  were calculated from these 
lines by a least-squares treatment. The k& values determined a t  three 
different buffer concentrations were extrapolated back to zero buffer 
concentration to eliminate buffer effects and to obtain the first-order rate 
constants for the water species, i.e., H3O+, OH-, and Hp0. The intercept 
of each plot was designated ko. The kinetic runs gave pseudo-first-order 
reactions with respect to the I disappearance rate because of the large 
excess or constancy of the water species, whether OH-, &0+, or H20. 


Initial data inspection led to the assumption, later confirmed by the- 
oretical curves, that the important reactions were analogous to those 
observed by Hussain and Schurman (2) with 2-dimethylaminoethanethiol 
propionate, i.e.: 


I.H+ + H30+ -+products 
Scheme I 


rate = kl[I-H+][H30+] ' 


I.H+ + Hp0 --C products 
Scheme II 


k i  


(Eq. 1) 
k2  


rate = kp[I-H+j[H20] (Eq. 2) 


I.H+ + OH- 2 products 
Scheme I I I  


rate = k3[I.H+][OH-] (Eq. 3a)  
or: 


and: 


kg. 
1 + H20 -+products 


Scheme I V 


rate = k : ~ . [ l ] [ H p O ]  (Eq. 3b) 


k4 
I + OH- -+products 


Scheme V 


rate = k$][OH-j (Eq. 4) 


Although Eqs. 3a and 3b are kinetically equivalent, Eq. 3b was ruled out 
effectively by several authors for related reactions (2-5). The rigid 
structure of I cannot be contorted to give the intermediate required by 
Bruice and Mautner (6). who would favor Eq. 36. Equation 3a represents 
the important reaction in the present instance. Also, since the hydro- 
gen-ion concentration is quite low in the region where the free base form 
(I) is significant, the following reaction was not considered: 


H +  
I -+products  


Scheme VI 


The dissociation constant for I.H+, K .  = [I][H~O+]/[I.H+], and the 
protolysis constant for water, K, = [H+][OH-1, were utilized in an overall 
rate expression: 


Values of K ,  a t  0.055 ionic strength were calculated according to the 
equations of Harned and Owen (71, assuming the electrolyte to be sodium 
chloride, where K,o.066 = K,,,  ( ( u H ~ o / ~ H + ~ o H - ) .  Values Of  k4 were ob- 
tained from experiments above pH 11, where k4 = ko/[OH-]. The indi- 
vidual values of k4 were fitted to an Arrhenius equation by a least-squares 
plot. 


The value of K ,  could not be determined directly by potentiometric 
titration owing to solubility problems and to hydrolysis during titration. 
Therefore, a t  25', a least-squares data plot for pH 6.8,8.1, and 9.05 was 
used to calculate k s  and K,. The resulting equation derived from Eq. 5, 
with omission of terms in k l  and kp, was: 


k0(H30+] = k&, + l(k&w/IH@+I) - k d K n  (Eq. 6) 


The ordinate ko[H30+] was plotted against the abscissa (k&,/[H30+]) 
- ko to give K, as the slope and k&, as the intercept. In this calculation, 
the average k4 value a t  25O, 155 M-' hr-', was used. 


Approximate k3 values were calculated from 45 and 87' data a t  pH 
6.86, which were used along with the 25' value for an initial Arrhenius 
plot of k3. The Arrhenius plot values were used to calculate K ,  a t  four 
temperatures; in turn, these values were used to correct the preliminary 
values of k3, i.e.: 


The corrections were small. The final Arrhenius plot of k~ (25,45, and 
87') provided the necessary input for refined K ,  calculations. 


The reaction of I.H+ with water a t  25' in the pH range of minimum 
reaction, -pH 3.6, was too slow for a direct rate determination. Therefore, 
the value for K p  was estimated by means of a Bronsted plot (8) of log kB/q  
uersus log (p/q)K, ,  where k~ is the catalytic constant of the base and K, 
is the dissociation constant of the aminomethane, HPOi-, and acetate. 
This plot was extrapolated b the log of ( p / q ) K .  for water (91, i.e., 1.744, 
to obtain kp, which is also k~ for water. 


Values of ke for each base were determined as follows. First, values 
of k B ,  for three of the bases that had been used to establish the ko values 
(HpB03, tromethamine, and HPO:-) were calculated from the slopes 
Of: 


kobe = k~,[buffer  base] + ko (Eq. 8) 


where the buffer base concentration was taken as one-half of the total 
buffer concentration since the acid to base ratio was always l:l. Then, 
k~ was calculated from k ~ ;  by correcting for the dissociation of I.H+ to 
I and assuming that the reactivity of I was 1/29 (i.e.,  kn = 29k4) as great 
as that of I:H+. (See Appendix for details.) The value of kg for hydroxide 
ion was taken as equal to kn, and the dissociation constant for water, the 
conjugate acid of hydroxide ion, was taken as 1.8 X 


To obtain k B  for acetate ion, which was run at pH = pKa of acetic acid, 
the calculation required that the water reaction be included: 


(Eq. 9) 


Thus, on the first round, kp was considered to be zero in the calculation 
of acetate k B ,  which was used in determining an approximate value of 
kp. This value, in turn, was used to refine the acetate k B  and so on in a 
rapidly convergent iterative process. 


For determining kp at loo', an aqueous LH+ solution was adjusted with 
hydrochloric acid to pH 3.6 and ionic strength 0.055. From the relative 
densities of water at 25 and looo and the molar water concentration a t  
25', the molar water concentration at 100' is 53.4. The value of kobs was 
corrected by subtraction of ksIOH-1 to obtain ko. The rate was then: 


k2 = ko/[HpO] = koh3.4 (Eq. 10) 


At the pH in question, correcting k p  for kl[H30+] was unnecessary. 
From the values of k z  a t  25 and looo, an Arrhenius equation was de- 


rived. 
The calculation of k l  involved the assumption that ionic strength has 


little effect. [This assumption was necessary because the reaction rate 
a t  0.055 ionic strength, i.e., 0.055 N HCI, and 25 or 45' is so low. From 
data for 1 and 0.5 N HCI a t  25', one may estimate that the rate increase 
due to the ionic strength of 1 N HCI over the rate at ionic strength 0.055 


hobs - ksIOH-1 - kz[HzO] 
[acetate ion] 


k B  = 
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Table I-Kinetic Data  for  Hydrolysis of 3-Quinuclidinyl 
Benzilate ( I )  in 0,055 Ionic Strength Aqueous Solutions 


Table  11-General Base Catalysis Data for  Hydrolysis of 3- 
Quinuclidinyl Benzilate (Protonated Species) 


~~ 


Total Molar Kohs .  
Huffer" Concentration hr-I PH 


Boric acid 


NaOH 


HCI 


CH:&O2H 
NaH2P04 plus 


Na2HP04 


Tromethamine 


Horic acid 


NaOH 


Boric acid 


NaOH 


HCI 
NaH2P04 plus 


Na2HP0dd 


Boric acid 


NaOH 


NaH2P04 plus 
Na2HP0dd 


HCI 


1 50 - 
0.02 
0.04 
0.06 


0.01243 
0.00268 


0.03 
0.5' 
1.oc 
0.03 
0.010 
0.018 
0.026 


0.006 
0.0'' 
0.04 


0.006 
0.02 
0.04 
0.06 


0.00237 
0.00593 
0.01 185 


0.02 
0.04 


260 - 


35" - 


0.00248 
0.01243 


1.03' 
0.010 
0.015 
0.02 


0.02 
0.04 
0.06 


0.00248 
65.5" 


0.01 - 
0.015 
0.02 


45" - 


870 
0.01 
0.015 
0.02 


100" - 


0.01545 
0.01664 
0.01781 
0.01427 
0.8572 
0.2012 


0.0001077 
0.0003783 
0.0007820 
0.00006065 
0.00061 77 
0.0007639 
0.0009833 
0.000377 
0.009007 
0.010427 
0.01 1004 
0.00889g6 
0.03956 
0.041 71 
0.05105 
0.05218 
0.3796 * 
0.3956 
0.8546 
1.819 


0.1351 
0.1324 
0.1386 
0.1319 
0.7213 
3.203 


0.004 146 
0.00528 
0.00623 
0.00673 
0.003gh 
0.3124 
0.3038 
0.3669 
O.273Zb 
1.224 


1.416 
1.495 
1.643 
1.178* 


0.5026 
0.6109 
0.6535 
0.3627 


0.001566 


9.15 
9.15 
9.15 
9.15 
- 
- 


1.40 
0.30 
0.00 
4.62 
6.75 
6.84 
6.88 
6.80 
8.01 
8.08 
8.10 
8.10 
0.97 
9.03 
9.05 
9.08 
9.05 
- 
- 
- 


8.90 
8.85 
8.90 
8.90 
- 
- 


-0.01 
6.86 
6.86 
6.86 
6.86 
8.83 
8.82 
8.83 
8.83 
- 


8.94 
8.94 
8.94 
8.94 


6.86 
6.86 
6.86 
6.86 


3.60 


Buffers other than NaOH and HCI consisted of equal concentrations of the 
buffer base and its conjugate acid. b Calculated k o  for buffer concentration. Ionic 
strength same as  molar concentration. The pH for these experiments was esti- 
mated f'rom the pKa of the buffer a t  the given temperature. [H. W. Robinson, J .  
Md. ('hem.. (12,775 (1969). K. G. Bates, "Electronic pH Determinations," Wiley, 
New York, N.Y.. 1954, p. 86. H. P. Bell,"Acid-Rase Catalysis," Oxford University 
Press, London. England, 1941, pp. 11-35.] 


is about 12%. According to Aksnes and Prue (lo), it might have been 
higher.] The calculation was: 


ki = koh  - kz[HzOl (Eq. 11) 


The values of k l  a t  25 and 45" were incorporated in an Arrhenius equa- 
tion. 


RESULTS AND DISCUSSION 


Kinetic Rate Data and Equilibria-Kinetic rate data and associated 


Base D / a  KO kHa 


Water 1 /I 55.5 2.94 X 
Acetate 1/2 2.399 X 0.00272 
Phosphate 2/3 1.585 X 0.0460 
Tromethamine 111 7.943 x 10-9 0.1 257 
Borate 3/1 8.913 X lo-"' 1.0036 
Hydroxide 1/1 1.80 X 4514 


0 k~ calculated from: 
k H =  k o b s - k o  


[huffer base] [ l ~ $ ; ~ > ~ ~ 2 2 9 ]  


pH values are summarized in Table I. Data used for the Bronsted plot 
to estimate kp at 25" are shown in Table 11. A plot of log kRlp uersus log 
( p / q ) K ,  using the values in Table I1 was linear ( r  = 0.9996) with a slope 
of 0.58, supporting the contention that I hydrolysis is subject to general 
base catalysis. 


The temperature-related equations for the hydrolysis rate constants 
in units of M-' hr-' and the acid dissociation constant of I are: 


(Eq. 12) 


(Eq. 13) 


(Eq. 14) 


(Eq. 15) 


(Eq. 16) 


where 7' is in OK. 
In Table 111, the values of ko for nine experiments are compared with 


those obtained by use of Eq. 5 with the constants calculated from Eqs. 
12-16. The predicted values were generally within 35% of the experi- 
mental values. 


The pH of maximum stability in water a t  25O containing little or no 
basic anions is 3.64 (11). From Eq. 5, the observed rate a t  this pH is 1.66 
X hr-l. The water reaction accounts for -98% of the reaction a t  this 
pH. At pH 3, the rate is only 1.71 X hr-l, with the water reaction 
accounting for 95% of the overall reaction. A t  pH 4.5, the water reaction 
accounts for 93% of the total reaction. 


Thus, the left side of the pH profile of I hydrolysis (Fig. 1) shows a 
decreasing rate with increasing pH; the change of the rate initially is 
10-fold per pH unit but diminishes as the pH nears 3. The rate over pH 


loglo k 1 = (-3388.2/7') + 8.2477 


loglo k p  = (-2717.5/7') + 2.5827 


IOgiok3 = (-2379.6/7') + 11.5558 


loglo k4 = (-2531.6/7') + 10.6599 


loglo K, = (-2455.8/7') - 1.0647 
and: 


2l 1 


O t  
7 t  


-I -2c // 8 t  


/ 


1 1 1 1 1  


- 
8 10 0 2 4 6 


I I I I I  I 1  I 1  


12 14 
PH 


Figure I-Hydrolysis rates of 3-quinuclidinyl benzilate from pH 1-14 
at t = 2 5 O  and p = 0.055. 
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Table 111-Calculated versus Experimental ko Values for 
3-Quinuclidinyl Benzilate (I)  Hydrolysis in Buffer 
Solutions 


APPENDIX 


For the calculations of KB from KB~: 


koa, hr-1 
Temperature PH Calculated Found 


15O 
25” 
25’ 


9.15 0.01 42 0.0143 
6.80 0.000356 0.000377 
8.10 0.00677 0.00890 


250 9.05 0.0428 0.0380 
35” 8.90 0.102 0.132 
46” 6.86 0.00522 0.00391 
45” 8.83 0.253 0.273 
65.5” 8.94 1.428 1.178 
87O 6.86 0.522 0.363 


3-4.5 is, to all intents, constant and is due to the reaction of I.H+ with 
water molecules. Above pH 4.5, the rate increases in the manner shown 
in Fig. 1. 


The hydrolysis of I in theabsence of huffers lowers the aqueous solution 
pH since hydrolysis produces benzilic acid. Thus, an unbuffered I solution 
that is initially slightly basic (the pKa of I.H+ is 9.3) will hydrolyze at a 
rate calculable from Eq. 5 but will produce acid, lower the pH, and thus 
produce an environment where the hydrolysis rate is less than it was 
initially. 


Comparison with Hydrolysis of Related Compounds-The hy- 
drolysis kinetics of amino alcohol (and amino mercaptan) esters in which 
the nitrogen is separated from the alcohol oxygen by two or three carbons 
was studied as early as 1950 (12). In general, reactivity with hydroxide 
ion is in the order: protonated tertiary amine > quaternary ammonium 
> tertiary amine. Values of kq (the hydroxide-ion rate constant with the 
unprotonated species) tend to remain fairly close to one another under 
a given set of conditions (4, 13-15), as well as to values for esters con- 
taining no nitrogen (4, 14,15). Nitrogen proximity to the carbonyl carbon 
is unimportant (4, 13, 15). 


Nitrogen quaternization by alkylation inductively increases these rate 
constants up to 32-fold (2,4,6,12,13,15). Protonation, however, increases 
the reactivity up to 40,000-fold (2,4,6,13, 14, 16). The higher increase, 
therefore, cannot be ascribed only to an inductive effect of the positive 
charge. The large increases are found in cases where the proton can 
participate in intramolecular hydrogen bonds with the acyl carbonyl 
oxygens (4,17). When rigidity prevents intramolecular hydrogen bonding, 
the protonated species are not much more reactive than the quaternized 
species. Thus, in the case of 3-quinuclidinyl acetate, the factor is less than 
2 (13, 18). The k& ratio of 29 in this work appears entirely reason- 
able. 


Significance of Present Study-Amino alcohol ester hydrolytic 
stability has been of concern in the pharmaceutical field, and several pH 
profile determinations are on record (2-6,16,19,20). These usually have 
ignored both the water reaction fk& which is generally slow enough to 
present experimental difficulties, and the acid-catalyzed hydrolysis ( k  1). 


The present study provides the means for calculating the hydrolysis rate 
over wide temperature and pH ranges with all four rate-determining 
reactions considered. 


Since: 


and: 


(Eq. A2) 


(Eq. A31 


it follows that: 


[H30+1 + Ka/29 ) 
(Eq. A4) 


kB = kBi ([H30+] + K, [HsO’] + K, 
or: 


(Eq. A5) 
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Abstract  0 A colorimetric method based on the interaction between the 
chloramphenicol degradation product 1-(4’-nitrophenyl)-2-aminopro- 
pane-1,3-diol and the 2,4,6-trinitrobenzenesulfonic acid reagent was 
developed. Analytical solutions were reacted with the reagent a t  pH 9.1 
for 20 min at  room temperature, and the resulting color was measured 
a t  340 nm. A linear relationship between absorbance and concentration 
occurred within the 5-25-pg/ml range under the conditions studied. 
Replicate analyses were in good agreement. An average recovery of 99.4 
f 0.4% was obtained for the synthetic mixtures. 


Keyphrases 0 Chloramphenicol degradation products-l-(4’-nitro- 
phenyl)-2-aminopropane-l,3-diol, colorimetric analysis, in commercial 
chloramphenicol solutions 1 -(4’-Nitrophenyl)-2-aminopropane- 
1,3-diol-colorimetric analysis, in commercial chloramphenicol solu- 
tions Colorimetry-analysis, chloramphenicol degradation products 


Chloramphenicol solutions undergo hydrolysis (1-3), 
and one major degradation product is 1-(4’-nitrophenyl)- 
2-aminopropane-1,3-diol (I) (Scheme I). Since I has no 
antibiotic activity and is regarded as a contaminant in 
commercial drug preparations, its determination is im- 
portant. 


BACKGROUND 


The interaction of I with 2,4,6-trinitrobenzenesulfonic acid reagent 
to give highly colored solutions led to the development of a new colori- 
metric method for I determination. This reagent previously was shown 
to be suitable for the colorimetric analysis of primary amino groups, 
amino acids, peptides, and proteins (4-7). 


Existing analytical procedures for I include visible and UV spectro- 
photometry, polarography, and high-pressure liquid chromatography 
(HPLCj (6-9). 


The standard colorimetric methods are based on the interaction of I 
with 1,2-naphthoquinone-4-sulfonate (10) and l&naphthoquinone (1 l) ,  
but other chloramphenicol solution components (e.g., chloramphenicol 
and acetate ions) can interfere with the reagents. Moreover, these pro- 
cedures are not simple and involve the preparation of multireagent so- 
lutions. 


This paper presents a new colorimetric method for the determination 
of microgram quantities of I in chloramphenicol solutions. At room 
temperature and pH 9.1, the procedure is not subject to chloramphenicol 
interference. This method has been applied successfully to the analysis 
of I in chloramphenicol dosage forms. 


The synthesis and physicochemical properties of 2,4,6-trinitro- 
phenyl-l-(4’-nitrophenyl)-2-aminopropane-l,3-diol (11) also are re- 
ported. 


0 2 N - - Q ~ ~ ~ ~ - ~ ~ - ~ ~ 2 ~ ~  - HJO 


I 
NHCOCHCI, 


IiH2 
Scheme 1 


EXPERIMENTAL 


Apparatus-Spectra and absorbance measurements were obtained 
by spectrophot~meters~-~ using matched quartz cells with a 1-cm optical 
path. 


Reagents and Chemicals-2,4,6-Trinitrobenzenesulfonic acid was 
the chromogenic reagent. It was recrystallized before use according to 
a literature method (7). The 2,4,6-trinitrobenzenesulfonic acid reagent 
solution was prepared immediately prior to use by weighing accurately 
100-500 mg of trinitrobenzenesulfonic acid and adding 0.1 ml of deionized 
water for each 100 mg of reagent. 


Compound I was prepared quantitatively by acidic hydrolysis of 
chloramphenicol(12). The pKb value of the amino group was determined 
by acid-base titration to be 8.12. 


Compound I1 was prepared by dissolving I ( 1  mmole), 2,4,6-trinitro- 
benzenesulfonic acid (200 mg), and sodium bicarbonate (200 mg) in water 
(10 ml); the solution became orange almost immediately, and the intensity 
increased over time. After 1 hr a t  room temperature, the solution was 
acidified to pH 2 and extracted with ethyl acetate. After washing with 
1% NaHC03 and water, the solution was dried over sodium sulfate, the 
ethyl acetate was evaporated under vacuum, and the residue was crys- 
tallized from anhydrous ether-petroleum ether (275 mg, 65% yield, mp 
85-88O). 


TLC showed the product to be homogeneous in benzene-ethanol (9 1)  
and in n-butanol-acetic acid-water (4l: l) ;  IR (in mineral oil): 3360,1620, 
1590,1570,1515, and 1345 em-’; N M R  3.6-3.8 (m, I), 4.05 (d, 2), 7.45-7.7 
(d,  2), 8.1-8.3 (d, 2), and 8.9-9.1 (d, 2). UV results are given in Fig. 1; log 
t: 4.19 at 340 nm in 95% ethanol. 


Anal.-Calc. for C15H13N5010 (mol. wt. 423.20): C, 42.56; H, 3.09; N, 
16.54. Found: C, 42.13; H, 3.12; N, 16.48. 


The product was soluble in ethanol, methanol, ethyl acetate, and ether 
and was insoluble in carbon tetrachloride and chloroform. 


Procedure-A sample of I was added to 2 ml of 0.1 M NazB407, and 
the volume was made up to 5.0 ml. Then 40 pl  of trinitrobenzenesulfonic 
acid solution was added, and the solution was mixed rapidly. 


0.4) 


300 360 400 450 
WAVE LENGTH 


Figure I-Absorption spectra of pure 11 (-0) and of 1 and 2,4,6-tri- 
nitrobenzenesulfonic acid (- - 0). 


Beckman Acculab 3. 


Perkin-Elmer R 12,60 MHz. 
2 Beckman Acta 111. 
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Figure 2-Effect of pH on trinitrophenylation o f 1  with 2,4,6-trinitro- 
benzenesulfonic acid and of coupling time on the final solution ah- 
sorhance. 


After 20 min, the reaction was stopped by adding 5.0 ml of phosphate 
buffer (pH 4.51, and the absorbance at 340 nm was determined against 
a blank. 


RESULTS AND DISCUSSION 


When a I solution in 0.1 M Na2BI07 was added with 2,4,6-trinitro- 
benzenesulfonic acid, the solution became orange; the intensity increased 
during the initial 90 min at  room temperature. A blank solution con- 
taining no amino compounds was pale yellow during this time. Upon 
acidification, the sample changed to a stable yellow while the blank be- 
came almost colorless. The UV-visible spectra of the acidified sample 
showed an absorption maximum a t  340 nm (Fig. 1). No differences were 
found with pure synthetic 11. This result indicated that the color was due 
exclusively to trinitrophenylation of the amino group. 


The interaction between 2,4,6-trinitrobenzenesulfonic acid and I was 
affected by the pH and the reagent quantity. The higher the pH, the 
greater was the I reaction velocity with the reagent. However, in a strong 
alkaline solution, some decomposition of 2,4,6-trinitrobenzenesulfonic 
acid and I1 occurred. The optimum pH range for the trinitrophenylation 
was 8.1-9.1 at room temperature and fitted the amino group titration 
curve (pKb = 8.12, Fig. 2). 


The reaction course was followed by the color development at 340 nm. 
Absorbance values increased through 120 min at room temperature and 
then stabilized. However, after 20 min at  room temperature, the reaction 
was suitable for reproducible readings. Because the decomposition 
products absorbed less a t  acidic than a t  alkaline pH, the trinitropheny- 
lation was stopped after 20 min by acidification with pH 4.5 phosphate 


buffer. The colors were stable for a t  least 2 hr, and the reference blank 
was unchanged under these conditions. 


The color intensity also was affected by the 2,4,6-trinitrobenzenesul- 
fonic acid concentration. Higher absorbances were obtained using up to 
a threefold reagent excess. Reagent quantities beyond this excess did not 
effectively increase the absorbance readings for I. 


Standard curves, prepared by plotting absorbance uersus I concen- 
trations, showed a linear relationship up to 25 pg of I/ml. 


The analysis is a semimicro procedure, and the sensitivity is in the 
range of 5 gg of Vml. Reagent preparation is simple and rapid since 
2,4,6-trinitrobenzenesulfonic acid is available commercially and is pu- 
rified easily. The procedure requires -20 min. The method is specific for 
1 in the presence of chloramphenicol and normally employs components 
of chloramphenicol solutions (e.g., p-oxybenzoates, sodium acetate, so- 
dium borate, sodium chloride, and sodium phosphate). 


A placebo was prepared containing chloramphenicol and some of the 
previously mentioned components; several weights of the components, 
each approximating the sample weight of commercial solutions, were 
spiked with a known amount of I and assayed. The average recovery was 
99.4 f 0.4%. Multiple analyses were performed on different commercial 
samples. Replicate analyses were in good agreement, and the samples 
assayed up to 35% of I. 


Compound I in commercial chloramphenicol preparations is analyzed 
satisfactorily and rapidly by the described method. 
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Specificity of Nitroglycerin Assays: 
A Response 


Keyphrases 0 Nitroglycerin-analysis, stability, various procedures 
compared Vasodilators, coronary-nitroglycerin, stability analysis, 
various procedures compared 0 St~hility-nitroglycerin, analysis, var- 
ious procedures compared 


To the Editor: 
This response will attempt to  clarify several points 


raised by Morrison and Fung (1) concerning a report by 
Suphajettra et al .  (2), which had discussed the possible 
formation of an interaction compound or complex between 
nitroglycerin in solution and polyethylene glycol 400. It was 
then suggested (2) that a loss of nitroglycerin “stability” 
had occurred due to  the sequestering effect on it, which 
prevented its analysis by both UV (3) and colorimetric (4) 
techniques. As a result, the different apparent nitroglyc- 
erin degradation rates due to polyethylene glycol 400 (Fig. 
1) as determined by these two methods simply reflected 
the relative recoveries of intact nitroglycerin or the “as- 
sayable” compound, attributable on one hand to “the more 
drastic hydrolysis procedure employed in the Bell method, 
which result.ed in a relatively greater breakdown of the 
reaction compound . . .” (2). I t  was not our intention to  
imply that a basic deficiency existed with the UV-kinetic 
assay for determining free nitroglycerin molecules. 


Furthermore, the term stability was used generically in 
the context of the report to describe not only degraded 
molecules but also those firmly bound or sequestered and, 
consequently, not available for analysis. Inasmuch as 
colorimetric nitroglycerin determination depends on the 
successful breakdown, in some stoichiometric fashion, of 


Percutaneous Butyrolactone 
Absorption in Rat.s 


Keyphrases Butyrolactone-percutaneous absorption, with and 
without depilation, rats 0 Hypnotics-butyrolactone, percutaneous 
absorption, with and without depilation, rats 


To the Editor: 
Butyrolactone (I) is a relatively nontoxic hypnotic agent 


when administered intravenously and orally to  rats (1,2). 
When I is introduced into the systemic circulation, it is 
instantaneously and completely converted to y-hydroxy- 
butyric acid (11). The latter is an endogenous substance in 
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the brain (3) and has been used therapeutically as an in- 
travenous anesthetic (41, particularly in pediatric and 
obstetric procedures. 


Recently, DiVincenzo et al. (5) showed that a neurotoxic 
ketone, methyl butyl ketone, was absorbed through intact 
skin. Because I1 is subjected to extensive first-pass me- 
tabolism and has a short terminal biological half-life ( t 1 / 2  
-0.5 hr in humans and rats), it is of interest to determine 
whether percutaneous I absorption is extensive and pro- 
longed enough to provide sustained hypnosis. Further- 
more, because I has physicochemical properties similar to 
other dipolar aprotic solvents such as dimethyl sulfoxide 
and thus might promote drug absorption through the skin, 
the absorption characteristics of I itself need to be deter- 
mined. 


The purpose of this study was to examine percutaneous 
I absorption. The rat was used as the experimental model 
because the pharmacokinetics of I were examined previ- 
ously in this animal (1,2) and because similar percutaneous 
absorption studies were carried out with another liquid (6, 
7). Percutaneous I absorption was studied with and with- 
out a depilating agent since many percutaneous absorption 
studies in animals employ such an agent and the effect of 
depilating agents on skin permeability is not well docu- 
mented. 


Male Sprague-Dawley rats, 275-525 g, were prepared 
as previously described (6, 7). Absorption studies were 
conducted on the shaved abdomens of the animals over a 
3 X 3-cm area. Compound 1' was applied undiluted a t  a 
dose of 6.34 mmoles/kg (equivalent to 800 mg of II/kg) 
either over untreated skin (Topical Treatment A) or after 
treatment with 4 ml of thioglycolic acid-based depilating 
agent2 (Topical Treatment B). The hair remover was left 
in contact with the shaved skin for 12 min and was then 
removed with wet gauze sponges; the skin was allowed to 
dry in air for 10 min before I application. 


The animals were kept under light ether anesthesia, 
when required, throughout the experiments, and blood 
(-0.5 ml) was collected a t  selected intervals via the tail 
vein. Plasma I1 concentrations were determined according 
to a previously described procedure (8) and compared to 
those obtained from separate animals after intravenous 
and oral administration of the same dose (1,2). When I is 
administered systemically, conversion to I1 is complete and 
no intact I can be measured. 


Figure 1 shows the mean (4A'E) plasma I1 concentra- 
tions obtained after the various routes of administration. 
Both intravenous and oral I doses gave relatively high 
plasma I1 concentrations, which were maintained above 
2000 pglml for 2 hr after dosing. In contrast, when equi- 
molar doses of I were applied topically, the mean plasma 
concentrations were <200 pglml during the whole 4-hr 
period. Comparison of the plasma concentrations after the 
two topical treatments showed that I absorption was more 
rapid and less variable after hair removal with a depilating 
agent. Statistical comparison using the two-tailed t-test 
showed that the concentrations obtained a t  the first two 
time points after dosing were significantly higher ( p  < 
0.02) after pretreatment with the hair remover. Peak 
concentrations were observed within 0.5-1 hr after dosing 


Eastman Organic Chemicals, Rochester, N.Y. 
Neet lotion hair remover, Whitehall Laboratories. New York, N.Y. 


300 
a 
[r 


I I I I 
1 2 3 4 


HOURS 


Figure 1-Plasma I I  conientrations (mean f SE) after 6.34 mmoles 
of I /kg administered through different routes. Key: 0, intravenous; A, 
oral; O, percutaneous, with hair remover; and 0,  percutaneous, without 
hair remover. 


when a depilating agent was used and at  about 1.5-2 hr in 
controls. 


Table I gives the values of the area under the plasma 
concentration-time curve from 0-4 hr ( A U C O - 4 )  for each 
treatment. Statistical comparison using the Tukey t-test 
(9) showed that A U C o a , i v  and A U C V , ~ ~  were statistically 
different ( p  < 0.01) from those obtained after both per- 
cutaneous treatments, although AUCo-4,iv did not differ 
statistically from A U C O - ~ , ~ ~  and the two values from the 
percutaneous treatments also did not differ from each 
other ( p  > 0.05). 


A relative A UCo4 value, defined as AUC0-4, t reatmenJ 
AUCo-4, iV3 also was determined for each treatment. In this 
case, the relative A U C 0 - 4  values represent minimum es- 
timates of the fraction of the dose absorbed, F ,  for the 


Table I-Mean f SE Values of the Area under the Plasma 
Concentration-Time Curve (0-4 hr) after Various I Treatments 
at 6.34 mmoledkg 


AUCo-4 X 
Treatment pg hdml Relative AUCb.dP 


Intravenous 4.81 f 0.37 (3)* 1 .oo 
Oral 4.71 f 0.38 (4) 0.98 
Topical (A) 0.34 f 0.18 (4) 0.07 
Topical (B) 0.54 f 0.08 (3) 0.11 


Relative to  mean value obtained after intravenous administration. 6 Number 
in parentheses is the number of animals studied in each group. 
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following reasons. 
1 .  Capacity-limited elimination of I1 occurs a t  plasma 


concentrations above 400 pg/ml(2). Both intravenous and 
oral administrations at  6.34 mmoles/kg gave plasma con- 
centrations well above this threshold, while percutaneous 
applications of I gave plasma concentrations below this 
concentration. When capacity-limited elimination occurs, 
the A UC increases disproportionally with respect to dose. 
The presence of capacity-limited elimination after the 
intravenous dose in the present case artifactually led to a 
larger AUCo 4,iv value for comparison with values obtained 
for the percutaneous treatments. Thus, the relative 
AUCo 4 values for the percutaneous absorption experi- 
ments are likely to underestimate F .  


2. Percutaneous drug absorption is sometimes fairly 
protracted. Some I absorption might still take place after 
the 4-hr period monitored in the percutaneous experi- 
ments. This factor would also lead to underestimation of 
F using the relative AUC- values. The present data could 
not be used for calculation of AUC from time zero to in- 
finity because significant uncertainties in elimination t 112 
estimates are produced by nonlinear elimination kinetics 
and possible incomplete absorption after the percutaneous 
doses. 


The present results, however, suggested that a t  least 
-10% of the percutaneous I dose was absorbed. Mean 
plasma I1 concentrations up to 200 pg/ml were obtained 
following a 6.34-mmoles/kg topical dose. These concen- 
trations approach those levels (-400 pg/ml) required for 
complete hypnosis in the rat. In fact, some animals in the 
percutaneous experiments were sufficiently sedated that 
continued ether anesthesia was unnecessary. I t  is clear that 
the pharmacological effects of I can be elicited through skin 
absorption. 


Hair removal by a commercial depilating agent appar- 
ently increased the rate of percutaneous I absorption in the 
rat. Although hair removal by shaving was done as close 
to the skin as possible, the remaining hair stubs probably 
still posed a significant barrier for drug absorption. On the 
other hand, the depilating agent might have caused some 
damage to the skin epidermis. This methodological un- 
certainty is encountered whenever haired animals are used 
for skin absorption experiments. 
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Theophylline Analysis by Reversed-Phase 
High-pressure Liquid Chromatography: 
Elimination of Interferences 
~~ ~~ ~ 


Key phrases Theophylline-analysis, reversed-phase high-pressure 
liquid chromatography, elimination of ampicillin and 1.7-dimethylxan- 
thine interference Smooth muscle relaxants-theophylline, re- 
versed-phase high-pressure liquid chromatographic analysis, elimination 
of ampicillin and 1,7-dimethylxanthine interference High-pressure 
liquid chromatography-analysis, theophylline, elimination of ampicillin 
and 1,7-dimethylxanthine interference 


To the Editor: 
High-pressure liquid chromatography (HPLC) has been 


applied to theophylline analysis in biological fluids (1-5). 
HPLC methods have distinct advantages over traditional 
UV spectrophotometric methods (6, 7) such as reduced 
sample requirement, greater specificity, and shorter 
analysis time. However, several drugs and drug metabolites 
interfere in the HPLC analysis of theophylline (8-11). Of 
particular concern are the interferences caused by ampi- 
cillin, a commonly used antibiotic, and by l,7-dimethyl- 
xanthine, an important metabolite of caffeine. 1,7-Di- 
methylxanthine is difficult to detect using ratios of peak 
heights obtained at  two different wavelengths because of 
the similarity of its UV spectrum to that of theophylline. 
We have found elevation of serum theophylline values 
caused by 1,7-dimethylxanthine to be as high as 2 pg/ml. 
Such a discrepancy could cause misleading interpretation 
of pharmacokinetic data and would lead to inaccurate 
dosage regimen calculations. 


We modified the method of Orcutt et al. (2) to eliminate 
interferences caused by ampicillin and 1,7-dimethylxan- 
thine by using either a reversed-phase column with a 5-pm 
support or a radial compression module with a reversed- 
phase cartridge. A mobile phase of methanol-tetrahy- 
drofuran-sodium acetate buffer provided the desired 
resolution. 


The HPLC system was composed of a single pump’, a 
loop injector2, and a dual-wavelength UV detector with 
absorbance capability at 254 and 280 nm3. A precolumn4 
helped prolong column life. Two types of prepacked col- 
umns were used. One consisted of a steel, 25 X 0.5-cm 
column packed with octadecylsilane bonded to  a 5-pm ir- 
regular support5. The other, intended for use in a radial 
compression unit, was a polyethylene column packed with 
octadecylsilane bonded to a spherical 10-pm silica sup- 
portfi. 


I Model 6 0 A ,  Waters Associates. Milford. Mass. 
Model U6K, Waters Associates, Milford, Mass. 


3 Model 440, Waters Associates, Milford, Mass. 
4 Co:Pell ODs, Whatman, Clifton, N.J. 
6 Partisil P X S  5/25 ODs, Whatman, Clifton, N.J. 
6 RCM with radial pak A, Waters Associates. Milford, Mass. 
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Synthesis of New Mercaptotriazoles with Potential 
Antibilharzial Activity 
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Abstract  Several 3-mercaptotriazoles with the 8-hydroxyquinoline 
moiety in the 5-position were prepared and tested for antiparasitic ac- 
tivity. Preliminary biological tests on experimentally infected mice with 
.Schistowma mansoni worms revealed that the new compounds possess 
potent schistasomicidal activity. 


Keyphrases Antibilharzial agents-mercaptotriazoles, synthesis, 
screening, Schistosoma mansoni, structure-activity relationships 0 
Mercaptotriazoles-antibilharzial activity, synthesis, screening, Schis- 
tosomo mansoni, structure-activity relationships 0 Structure-activity 
relationships-mercaptotriazoles, antibilharzial activity, synthesis, 
screening, Schistosoma mansoni 0 Schistosoma mansoni-treatment 
with mercaptotriazoles, synthesis, screening in mice, structure-activity 
relationships 


The fact that lucanthone (1) and its active metabolite 
hycanthone (2) were the first metal-free compounds to 
show clinical activity against bilharziasis initiated the 
synthesis of a distantly related compound, 6-chloro-5- 
(2-diethylaminoethylamino)-8-methylquinoline. The 
latter exhibited outstanding activity against experimental 
schistosomiasis (3,4). Unfortunately, preclinical toxicity 
studies indicated wide differences among various species 
of laboratory animals, precluding early clinical trials of this 
compound (3). 


BACKGROUND 


A novel schistosomicide of apparent clinical utility is 1-6-nitro-2- 
thiazolyl)-2-imidazolidinone (niridazole). This compound showed con- 
siderahle efficacy against Schistosoma mansoni and S. haematobium 
ilia oral administration ( 5 ) ,  but three types of side effects were encoun- 
tered: frequent ECG changes, neuropsychic effects, and transitory 
spermatogenesis impairment (6). 


A new entry in bilharzial chemotherapy is 1,2,3,4-tetrahydro-2-[ [(l-  
methylethyl)amino]methyl]-7-nitro-6-quinoline methanol (oxamni- 
cjiiine). It has potent schistosomicidal activity against S. mansoni by 
causing worms to shift from the mesenteric veins to the liver where they 
are destroyed (7). 


Recently, interest has been focused on the pharmacology of l-phe- 
nyl- 1,2,$-triazoles and 4-phenyl-1,2,4-triazoles (a), which showed diverse 
hiological activities. Furthermore, 1,4-disubstituted thiosemicarbazides 
(the precursors for cyclized triazole synthesis) possess a broad spectrum 
0 1  biological activities (9, 10). 


These observations prompted the synthesis of several 3-mercapto- 
triazoles having the substituted 8-hydroxyquinoline moiety in the 5- 
position. Incorporation of the potent antiparasitic drug iodochlorhy- 
drtrxyquin or diiodohydroxyquin in the 3-mercaptotriazole ring produced 
compounds with potential schistosomicidal activity and no undesirable 
or  toxic effects. 


CHEMISTRY 


The various substituted 1,2,4(4H)-triazoles were synthesized by re- 
actions outlined in Scheme I. conversion of the 8-hydroxyquinoline de- 
rivative ( I )  to the corresponding ethyl 8-quinolinoxyacetate (11) was 
carried out to synthesize 8-quinolinoxyacetic acid hydrazide (111) through 
refluxing in ethanol with 99-100% hydrazine hydrate. 


Substituted thiosemicarbazides (IV, Table I), prepared by the reaction 
id’ 111 with the appropriate isothiocyanate, were cyclized to  the corre- 
sponding mercaptotriazoles (V, Table 11) in 2 N NaOH. Condensation 


R, 
I 


Rl 
1 


R, 
i 


bH 
I 


~ C H ~ C O N H N H C S N H R  


IV 


I 
Rl 
I 


R, 
I 


V 


Rl 
I 


R ,-N(’S 


- WR2 
OCH,CONH NH, 


111 


VI 
Scheme I 


(it’ the substituted triazoles with chloroacetic acid produced substituted 
triazole-3-mercaptoacetic acids (VI, Table 111). All compounds were 
characterized by their sharp melting points, elemental analyses, and IR 
hpectra. 


EXPERIMENTAL’ 


Ethyl 8-Quinolinoxyacetate (IIa): Method A-To a solution of 
8-hydroxyquinoline (0.1 mole) in absolute ethanol (60 ml) was added 


1 Melting points were determined in open glass capillaries and are uncorrected. 
IR spectra were determined aa Nujol mulls with a Beckman IR-4210. Microanalyses 
were performed by the Microanalytical Unit, Faculty of Science, University of Cairo, 
Cairo, Egypt. 
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R> 
Table I-l-(8-Quinolinoxyacety1)-4-Substituted Thiosemicarbazides OCHICONHNHCSNHR, 


Yield, Melting Analysis, % 
Compound R3 Ri Rz % Point Formula Calc. Found 


IVa 


IVb 


IVC 


IVd 


IVe 


IVf 


IVg 


IVh 


IVi 


1v; 


IVk 


IVI 


IVm 


IVn 


IVO 


IVP 


IVQ 


IVr 


H 


H 


H 


H 


H 


H 


c1 


c1  


CI 


c1  


c1  


Cl 


I 


I 


I 


I 


I 


I 


H 


H 


H 


H 


H 


H 


I 


I 


I 


I 


I 


I 


I 


I 


I 


I 


I 


I 


65 


68 


66 


70 


75 


78 


70 


68 


62 


70 


75 


66 


64 


68 


60 


72 


75 


78 


198' 


129O 


194' 


150' 


234' 


169' 


177' 


172O 


169' 


165' 


106' 


160' 


196' 


183O 


194' 


1900 


185' 


180° 


c 55.3 
H 5.3 
N 18.4 
C 57.0 
H 5.1 
N 17.7 
C 58.2 
H 6.1 
N 17.0 
C 60.3 
H 6.1 
N 15.6 
C 61.4 
H 4.5 
N 15.9 
C 62.3 
H 4.9 
N 15.3 
C 37.8 
H 2.9 
N 11.8 
C 39.0 
H 3.7 
N 11.4 
C 41.7 
H 3.9 
N 10.8 
C 42.1 
H 2.7 
N 10.9 c 43.3 
H 3.0 
N 10.6 c 43.3 
H 3.0 
N 10.6 
C 30.2 
H 2.5 
I 45.7 
C 31.7 
H 2.5 
I 44.7 
C 32.9 
H 3.1 
I 43.5 c 35.4 
H 3.3 
I 41.6 
C 35.8 
H 2.3 
I 42.1 
C 36.9 
H 2.6 
I 41.1 


55.4 
5.5 
18.6 
57.0 
5.1 
17.9 
58.0 
6.0 
17.1 
60.5 
6.1 
15.8 
61.6 
4.5 
15.9 
62.6 
5.0 
15.0 
38.0 
3.1 
11.5 
39.4 
4.0 
11.5 
41.9 
4.1 
11.1 
42.4 
3.0 
11.0 
43.5 
3.3 
11.0 
43.4 
3.1 
10.9 
30.6 
2.8 
46.0 
31.9 
2.7 
44.9 
33.1 
3.3 
43.6 
35.8 
3.5 
42.0 
36.1 
2.6 
42.2 
37.2 
3.0 
41.5 


sodium ethoxide (0.1 mole of sodium in 20 ml of absolute ethanol) fol- 
lowed by ethyl chloroacetate (0.1 mole). The reaction mixture was re- 
fluxed under anhydrous conditions for 3 hr and filtered. The filtrate was 
poured over 100 ml of ice-cold water. The separated ester was extracted 
with ether and dried over anhydrous magnesium sulfate. Excess ether 
was removed by distillation, and the remaining crude ester was used to 
prepare the corresponding hydrazide. 


Ethyl 8-(5-Chloro-7-iodo)-quinolinoxyacetate (IIb): Method 
B-Equimolar quantities of iodochlorhydroxyquin (Ib, R1 = C1, Rz = 
I )  (0.1 mole), ethyl chloroacetate (0.1 mole), and potassium carbonate 
(0.12 mole) in absolute ethanol (100 ml) were refluxed for 3 hr. The re- 
action mixture was filtered, and the filtrate was concentrated and allowed 
to cool. The crude ester was collected and recrystallized from ethanol as 
yellow needles, mp 168O, in an 80% yield. 


Anal.-Calc. for C13HllCIIN03: C, 39.8; H, 2.8; N, 3.6. Found: C, 39.6; 
H, 2.7; N, 3.9. 


Ethyl 8-(.5,7-Diiodo)-quinolinoxyacetate (1Ic)-Method B pro- 
duced yellow needles, mp 195', in an 84% yield. 


Anal.-Calc. for C13HllIzN03: C, 32.3; H, 2.3; I, 52.6. Found: C, 32.0; 
H, 2.3; I, 52.4. 


8-Quinolinoxyacetic Acid Hydrazides (IIIa-1IIc)-To a solution 
of 0.1 mole of IIa-IIc in absolute ethanol (50 ml) was added 7 g of %loo% 
hydrazine hydrate, and the mixture was refluxed for 2 hr. The crude 
hydrazide, which separated on cooling, was collected by filtration and 
recrystallized from ethanol. Compound IIIa was obtained as white nee- 
dles, mp 71', in a 60% yield. 


Anal.-Calc. for CllHllN302: C, 60.8; H, 5.1; N, 19.4. Found: C, 60.6; 
H, 5.2; N, 19.4. 


Compound IIIb was obtained as yellow needles, mp 178', in a 65% 
yield. 


And-Calc. for CI1HSClIN302: C, 35.0; H, 2.4; N, 11.1. Found C, 34.8; 
H, 2.5; N, 11.0. 


Compound IIIc was obtained as yellow needles, mp 186O, in a 68% 
yield. 


Anal.-Calc. for CllHgI2N302: C, 28.1; H, 1.9; I, 54.2. Found: C, 28.0; 
H, 2.0; I, 54.5. 
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Table II-5-(8-Quinolinoxymethyl)-4-Substituted-3-mercapto-1,2,4(4~-triazoles I 
R, 


Yield, Melting Analysis, % 
Compound R3 Ri R2 % Point Formula Calc. Found 


Va 


Vb 


v c  


Vd 


Ve 


Vf 


v g  


Vh 


Vi 


Vi 


Vk 


Vl 


Vrn 


Vn 


v o  


VP 


vq  


Vr 


H 


H 


H 


H 


H 


H 


c1 


c1 


c1 


c1 


c1 


c1 


I 


I 


I 


I 


I 


I 


H 


H 


H 


H 


H 


H 


I 


I 


I 


I 


I 


I 


I 


I 


I 


I 


I 


I 


68 


66 


71 


75 


78 


73 


65 


67 


72 


78 


70 


66 


60 


64 


72 


77 


68 


70 


180' 


208' 


162O 


175' 


182O 


145' 


185' 


168' 


138' 


182' 


1200 


170' 


172' 


142O 


150' 


154' 


168O 


134O 


C 58.7 
H 4.9 
N 19.6 
C 60.4 
H 4.7 
N 18.8 
C 61.1 
H 5.7 
N 17.8 
C 63.5 
H 5.9 
N 16.5 
C 64.7 
H 4.2 
N 16.8 
C 65.5 
H 4.6 
N 16.1 c 39.3 
H 2.6 
N 12.2 
C 40.5 
H 3.4 
N 11.8 
C 43.2 
H 3.6 
N 11.2 c 43.7 
H 2.4 
N 11.3 
C 44.8 
H 2.8 
N 11.0 
C 44.8 
H 2.8 
N 11.0 
C 31.2 
H 2.2 
I 47.2 
C 32.7 
H 2.2 
I 46.2 c 33.9 
H 2.8 
I 44.9 
C 36.5 
H 3.0 
I 42.9 
C 36.7 
H 2.4 
I 43.2 


CisHi412N40S C 38.0 
H 2.3 
T 42.2 


58.8 
5.2 
20.0 
60.8 
5.0 
18.6 
61.3 
5.7 
17.8 
63.5 
6.0 
16.5 
64.9 
4.4 
17.1 
65.6 
4.5 
15.8 
39.5 
2.7 
12.5 
40.8 
3.3 
12.1 
43.3 
3.4 
11.1 
44.1 
2.6 
11.0 
45.1 
2.4 
11.0 
44.7 
3.1 
11.2 
31.0 
2.5 
47.5 
32.9 
2.4 
46.4 
34.1 
3.0 
45.3 
36.7 
3.2 
43.1 
36.8 
2.4 
43.2 
38.1 
2.5 
42.0 


1-(8-Quinolinoxyacetyl)-4-Substituted Thiosemicarbazides 
(1V)-Equimolar quantities of IIIa-IIIc (0.02 mole) and the appropriate 
isothiocyanate (0.02 mole) were mixed in dry benzene, and the mixture 
was refluxed on a steam bath for 2 hr. Excess benzene was removed by 
distillation. The separated solid was collected by filtration, washed with 
cold ethanol-water, dried, and recrystallized from ethanol. The various 
substituted thiosemicarbazides (Table I) were characterized by their 
sharp melting points and elemental analyses. 
5-(8-Quinolinoxymethyl)-4-Substituted-3-mercapto-1,2,4(4H)- 


triazoles (V)-A solution of 1-(8-quinolinoxyacetyl)-4-substituted 
thiosemicarbazide (0.01 mole) in 2 N NaOH (20 ml) was refluxed for 2-3 
hr. After cooling, the mixture was filtered; the filtrate was acidified with 
dilute hydrochloric acid until complete precipitation occurred (11,12). 
The separated solid was collected by filtration, washed with water, dried, 
and recrystallized from ethanol. Various substituted mercaptotriazoles 
were characterized by their sharp melting points and elemental analyses 


(Table 11). 
5-(8-Quinolinoxymethyl) -4- Substituted-l,2,4(4H)-triazole-3- 


mercaptoacetic Acids (V1)-A mixture of the appropriate substituted 
mercaptotriazole (0.005 mole), chloroacetic acid (0.005 mole), and sodium 
hydroxide (0.01 mole) in ethanol (20 ml) was refluxed for 3 hr. The mix- 
ture was cooled and acidified with dilute hydrochloric acid. The solid 
mass, which separated, was collected and recrystallized from ethanol 
(Table 111). 


Antibilharzial Activity-Swiss albino mice were infected with 100 
cercariae of S. mansoni by the tail immersion technique (13). Eight weeks 
after infection, the animals were divided into six groups: a control group 
and a group for each of the new drugs to be tested (Vb, Vd, Vg, Vi,  and 
hycanthone as a standard). 


The drugs were given orally as a single 100-mghg dose. Hycanthone 
was given as a single injection, 70 mg/kg im in 0.1 ml of distilled water. 
Oogram studies of the liver and intestine were made every 3rd day on five 
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Table III-5-(8-Quinolinoxymethyl)-4-Substituted-l,2,4(4H)-triazole-3-mercaptoacetic Acids R, 


Yield, Melting Analysis, % 
Compound R3 Ri Rz % Point Formula Calc. Found 


60.3 C 60.3 
H 5.5 5.6 
N 14.1 14.1 


H H 80 196' C2oHi6N403S C 61.2 61.4 
4.1 


N 14.3 14.5 
H H 78 145' CziHisN403S C 62.1 62.1 


H 4.4 4.4 


VId C6Hll H H 70 226' CmH22N403S 


VIe 


VIf CsH5cH2 


C6H5 H 4.1 


N 13.8 
C H d H C H z  c1 I 75 180' C17H14ClIN403S c 39.5 


H 2.7 
N 10.8 


VIh CHdCHd3 c1 I 72 164' ClsHlsClIN403S C 40.6 
H 3.4 
N 10.5 


VIi C6H 11 c1 I 68 168' C~oH2oClIN403S C 43.0 
H 3.6 
N 10.0 


H 2.5 
N 10.1 


H 2.9 
N 10.0 


VIm C2H5 I I 75 168' CisH14IzN403S C 32.2 
H 2.3 
I 44.6 


VIO CH3(CH2)3 I I 77 175O CisHisI2N403S C 34.6 
H 2.9 


Vk 


VIj C6H5 c1 I 85 172' CmHi4ClIN403S c 43.4 


VIk C6HsCH2 c1 I 82 166' C21HisClIN403S c 4'4.5 


14.1 
39.1 
3.0 
11.0 
41.0 
3.5 
10.5 
43.2 
3.8 
9.8 
43.6 
3.0 
10.5 
44.7 
3.3 
10.2 
32.5 
2.6 
45.0 
34.9 
3.2 


I 40.7 41.1 
I I 73 180' C ~ O H ~ O M W ~ S  C 36.9 37.2 


3.5 H 3.1 
I 39.1 38.8 


I I 78 200' CzoHi412N403S c 37.3 37.6 
H 2.2 2.5 
I 39.4 39.0 


I I 70 190' CziHi6I2N403S C 38.3 38.1 
H 2.4 2.8 
I 38.6 39.0 


Table IV-Oogram Findings in the Liver and Small Intestine of Infected Mice Treated with Experimental Compounds 


Liver Intestine 
Total Mature Dead Total Mature Dead 


6 18 


70 30 
86 14 
70 12 
70 15 


- - 
70 
0 
0 
18 
20 
20 


28 
48 
68 
74 
60 
56 


2 
52 
32 
8 
20 
24 


animals from each group. 
Table IV shows the average oogram pattern in the liver and intestine 


during the period of maximum drug effect, which was usually at the end 
of the 1st week, compared with hycanthone (14). 


Effect on Toxocara canis Larvae-Swiss albino mice were infected 
with lo00 larvated 7'. canis eggs by intragastric tube. Compound Vg was 
given as a single 100-mghg po dose to a group of the infected animals and 


Table V-Average Larval Counts in the Brain of Mice Infected 
with T. canis Larvae 


Duration of Average Larval Count 
Autopsy, davs Control Mice Treated Mice 


7 
15 


33 
41 


20 
27 


a second group served as controls. Table V shows the larval counts in the 
hrain of the treated group compared with the control group. 


RESULTS AND DISCUSSION 


The efficiency of a new antischistosomal drug was assessed in experi- 
mental infection by the oogram changes, which were said to be caused 
by loss of schistosoma worm muscle tone, drug action on the parasite 
reproductive organs, and death of the worms (15). 


Deviation of the oogram picture from normal was considered when 
there was an absence of any immature stages or when the number of 
mature ova exceeded 50% (15). 


Results obtained with Vb, Vd, Vg, and Vi showed marked deviation 
of the oogram picture from normal, indicating their potent antibilhanial 
effect. Furthermore, Vb and Vd eliminated all immature stages, dem- 
onstrating a powerful effect on the worm reproductive organs. 
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Compound Vg reduced the number of T. canis larvae in the brains of 
mice experimentally infected with visceral larva migrans. 
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Abstract The Weibd distribution function was applied to solid-state 
enzyme inactivation. On Weibull probability paper (within a narrow 
range), the plots of the accumulated inactivation ratio of each enzyme 
uersus time regressed to a straight line. The parameters m and k,  which 
correspond to the type and rate of the inactivation, were characteristic 
of each enzyme. The effect of temperature and parameter reproducibility 
are discussed. 


Keyphrmea Weibull distribution function-application solid-state 
enzyme inactivation studies 0 Enzyme kinetics-applicationof Weibull 
distribution to inactivation studies 0 Enzyme inactivation-kinetics, 
application of Weibull distribution to solid-state studies 


Stability is important for drug quality assurance, and 
reports on drug stability in solid dosage forms have been 
published (1, 2). The essential requirement in stability 
studies is the selection of rate equations, which have been 
determined in practical systems by trial and error. 


Some investigations using enzymes in the solid state 
failed because there was an inherent difficulty in fitting 
common rate equations to experimental data. Enzyme 
stability is complicated and is readily affected by factors 
such as temperature, humidity, and coexisting sub- 
stances. 


This paper1 describes application of the Weibull dis- 
tribution function to solid-state enzyme inactivation. The 
Weibull distribution originally was applied to stability 
predictions of other solid drugs (3,4). 


THEORETICAL 


Efforts have been made to interpret the shelflife of enzymes in solids 


This paper is Part CLVII of “Studies on Enzymes” by M. Sugiura. 
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and solutions and to describe mathematically the inactivation profile with 
meaningful parameters. Although equations possibly could be derived 
from empirical treatment of the process, eg., pseudo-first-order kinetics, 
no suitable function has been found. Therefore, shelflives rarely have 
been mentioned in solid-state enzyme inactivation studies. 


A general function, applicable to all inactivation curves, was derived 
by Weibull(5) and discussed in detail (6-8). A concise survey also was 
reported (9). When applied to enzyme inactivation rate data in the solid 
state, the Weibull distribution expresses the accumulated inactivation 
ratio, a, of the enzyme activity a t  time, t ,  by: 


a = 1 - exp[-(t)m/k] (Eq. 1) 


where the scale parameter, k, defines the time scale of the process and 
the shape parameter, m, characterizes the curve as an exponential 
function. The relationship between m and curve shape was discussed 
previously (8,9). 


Graphical representation of the data according to the Weibull distri- 
bution and the practical aspects of linearizing experimental data were 
reported (6.7). Equation 1 may be rearranged 


In In (1/1- a) = Ink + m In t (Eq. 2) 


From Eq. 2, a linear relation is obtained from a In In plot of In (1/1- a) 
uersus t .  The shape parameter, m, is obtained from the slope, and k is 
obtained from the ordinate value a t  t = 1. 


The theoretical correlation between Eq. 2 and chemical kinetics was 
discussed in detail (4). The equation expressing chemical kinetics varies 
according to the inactivation mechanism. However, within a narrow 
range, it is possible to express them by: 


where K is the rate constant, a is the initial enzyme activity, and Pi is the 
parameter independent of time, t. The integrated form of Eq. 3 is: 


f(a, a, Pi) = K t  (Eq, 4) 
Equations 2 and 4 can be correlated by assuming that logarithms of 


(Eq. 5) 


(Eq. 6) 


Eq. 4 are expressed approximately as a linear function of Eq. 2: 


In f (a ,  a, Pi) = In K + In t = A0 + A1 In In (1/1 - a) 
In In (1/1 - a) + l/A1 (In K - Ao) + 1/Al In t 
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following reasons. 
1 .  Capacity-limited elimination of I1 occurs a t  plasma 


concentrations above 400 pg/ml(2). Both intravenous and 
oral administrations at  6.34 mmoles/kg gave plasma con- 
centrations well above this threshold, while percutaneous 
applications of I gave plasma concentrations below this 
concentration. When capacity-limited elimination occurs, 
the A UC increases disproportionally with respect to dose. 
The presence of capacity-limited elimination after the 
intravenous dose in the present case artifactually led to a 
larger AUCo 4,iv value for comparison with values obtained 
for the percutaneous treatments. Thus, the relative 
AUCo 4 values for the percutaneous absorption experi- 
ments are likely to underestimate F .  


2. Percutaneous drug absorption is sometimes fairly 
protracted. Some I absorption might still take place after 
the 4-hr period monitored in the percutaneous experi- 
ments. This factor would also lead to underestimation of 
F using the relative AUC- values. The present data could 
not be used for calculation of AUC from time zero to in- 
finity because significant uncertainties in elimination t 112 
estimates are produced by nonlinear elimination kinetics 
and possible incomplete absorption after the percutaneous 
doses. 


The present results, however, suggested that a t  least 
-10% of the percutaneous I dose was absorbed. Mean 
plasma I1 concentrations up to 200 pg/ml were obtained 
following a 6.34-mmoles/kg topical dose. These concen- 
trations approach those levels (-400 pg/ml) required for 
complete hypnosis in the rat. In fact, some animals in the 
percutaneous experiments were sufficiently sedated that 
continued ether anesthesia was unnecessary. I t  is clear that 
the pharmacological effects of I can be elicited through skin 
absorption. 


Hair removal by a commercial depilating agent appar- 
ently increased the rate of percutaneous I absorption in the 
rat. Although hair removal by shaving was done as close 
to the skin as possible, the remaining hair stubs probably 
still posed a significant barrier for drug absorption. On the 
other hand, the depilating agent might have caused some 
damage to the skin epidermis. This methodological un- 
certainty is encountered whenever haired animals are used 
for skin absorption experiments. 


( 1 )  *J. T. Lettieri and H.-L. Fung, Hes. Commun. Chem. Pathol. 
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Theophylline Analysis by Reversed-Phase 
High-pressure Liquid Chromatography: 
Elimination of Interferences 
~~ ~~ ~ 


Key phrases Theophylline-analysis, reversed-phase high-pressure 
liquid chromatography, elimination of ampicillin and 1.7-dimethylxan- 
thine interference Smooth muscle relaxants-theophylline, re- 
versed-phase high-pressure liquid chromatographic analysis, elimination 
of ampicillin and 1,7-dimethylxanthine interference High-pressure 
liquid chromatography-analysis, theophylline, elimination of ampicillin 
and 1,7-dimethylxanthine interference 


To the Editor: 
High-pressure liquid chromatography (HPLC) has been 


applied to theophylline analysis in biological fluids (1-5). 
HPLC methods have distinct advantages over traditional 
UV spectrophotometric methods (6, 7) such as reduced 
sample requirement, greater specificity, and shorter 
analysis time. However, several drugs and drug metabolites 
interfere in the HPLC analysis of theophylline (8-11). Of 
particular concern are the interferences caused by ampi- 
cillin, a commonly used antibiotic, and by l,7-dimethyl- 
xanthine, an important metabolite of caffeine. 1,7-Di- 
methylxanthine is difficult to detect using ratios of peak 
heights obtained at  two different wavelengths because of 
the similarity of its UV spectrum to that of theophylline. 
We have found elevation of serum theophylline values 
caused by 1,7-dimethylxanthine to be as high as 2 pg/ml. 
Such a discrepancy could cause misleading interpretation 
of pharmacokinetic data and would lead to inaccurate 
dosage regimen calculations. 


We modified the method of Orcutt et al. (2) to eliminate 
interferences caused by ampicillin and 1,7-dimethylxan- 
thine by using either a reversed-phase column with a 5-pm 
support or a radial compression module with a reversed- 
phase cartridge. A mobile phase of methanol-tetrahy- 
drofuran-sodium acetate buffer provided the desired 
resolution. 


The HPLC system was composed of a single pump’, a 
loop injector2, and a dual-wavelength UV detector with 
absorbance capability at 254 and 280 nm3. A precolumn4 
helped prolong column life. Two types of prepacked col- 
umns were used. One consisted of a steel, 25 X 0.5-cm 
column packed with octadecylsilane bonded to  a 5-pm ir- 
regular support5. The other, intended for use in a radial 
compression unit, was a polyethylene column packed with 
octadecylsilane bonded to a spherical 10-pm silica sup- 
portfi. 


I Model 6 0 A ,  Waters Associates. Milford. Mass. 
Model U6K, Waters Associates, Milford, Mass. 


3 Model 440, Waters Associates, Milford, Mass. 
4 Co:Pell ODs, Whatman, Clifton, N.J. 
6 Partisil P X S  5/25 ODs, Whatman, Clifton, N.J. 
6 RCM with radial pak A, Waters Associates. Milford, Mass. 
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Figure 1-Chromatogram of theophylline, ampicillin, 1,7-dimethyl- 
xanthine, and the internal standard, fi-hydroxyethyltheophylline, on 
a radial compression, reversed-phase column. Conditions were: 6% 
methanol, 1.2% tetrahydrofuran in 0.01 mole of pH 5.0 sodium ace- 
tatelliter, flow rate of 3.0 mllmin, and detection at 280 nm, 0.01 aufs. 


The mobile phase was made from 0.01 mole of sodium 
acetatehter adjusted to pH 5.0 with acetic acid. This 
buffer was added to 60 ml of methanol and 12 ml of tetra- 
hydrofuran to make 1 liter of eluent for use with the radial 
compression system. Eluents used with the 5-pm column 
were composed of 70 ml of methanol and 10 ml of tetra- 
hydrofuran added to the sodium acetate buffer to wake 
1 liter. All chromatography solvents were filtered prior to 
use. Flow rates were 3.0 ml/min with the radial compres- 
sion module and 1.5 ml/min with the 5-pm support 
column. 


Blood and saliva samples were prepared by the method 
of Orcutt et al. (2) with the following modifications. The 
internal standard solution was 20-40 pg of P-hydroxy- 
ethyltheophylline/ml in 100% acetonitrile, and all samples 
were centrifuged at  11,500 rpm for 5 min after precipita- 
tion. Theophylline standards were prepared over the 2- 
50-pg/ml range in 0.01 mole of pH 5.0 sodium acetatehter. 
These standards were diluted with an equal volume of 
internal standard solution and chromatographed. Peak 
height ratios (theophyllinelP-hydroxyethyltheophylline) 
were used to define the standard curves. 


The separation of theophylline, P-hydroxyethyltheo- 
phylline, ampicillin, and 1,7-dimethylxanthine obtained 
with the radial compression system is shown in Fig. 1. The 
chromatographic analysis time for theophylline was 12 
min, and pressure did not exceed 1000 psi. Other sub- 
stances that interfere with the analysis are acetazolamide, 
cephalexin, cefoxitin, and dyphylline. The major disad- 
vantage of the radial compression module is the initial 
equipment cost. However, longer column life coupled with 
lower column cost when compared to conventional col- 
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Figure 2-Chromatogram of theophylline, ampicillin, 1,7-dimethyl- 
xanthine, and P-hydroxyethyltheophylline on a conventional column 
with a 5 - p n  support, reversed-phase column. Conditions were: 7 4  
methanol, 1 % tetrahydrofuran in 0.01 mole of pH 5.0sodium acetatel 
liter, flow rate of 1.5 mllmin, and detection at 280 nm, 0.01 aufs. 


umns may counterbalance the initial expense. The system 
is easily interchangeable with most chromatographic 
equipment. 


The separation of theophylline, P-hydroxyethyltheo- 
phylline, ampicillin, and 1,7-dimethylxanthine obtained 
with the 5-pm conventional column is shown in Fig. 2. The 
chromatographic analysis time for theophylline was 18 
min. Pressures were -3500 psi. Dyphylline caused inter- 
ference, but acetazolamide did not. Although the high re- 
tention and resolution of the 5-pm support column pro- 
vided excellent methylxanthine separation, analysis time 
was longer and pressures were much higher than in pre- 
viously used 10-pm columns. The compatibility of 
pumping and injection systems with high pressures must 
be considered with these columns. 


The two chromatographic systems provided excellent 
linearity with standard solutions over the concentration 
range examined (R2 = 0.9999). No endogenous substances 
interfered in the analysis of the limited number of samples 
analyzed. The following methylxanthines and drugs were 
well resolved (resolution >2) from theophylline and the 
internal standard using either system: caffeine, theo- 
bromine, 1-methylxanthine, 1-methyluric acid, 1,3-di- 
methyluric acid, phenobarbital, cefamandole, cefazolin, 
cephalothin, and methicillin. The methods proposed for 
theophylline analysis offer the advantages of selectivity 
from two important interfering substances. In addition, 
the organic solvents used have less toxic properties and 
lower cost than acetonitrile. Care must be taken to prepare 
the mobile phase by a standardized method. Small fluc- 
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tuations in solvent strength can cause shifting of peaks and 
changes in peak height ratios. Resolution of theophylline 
and /3-hydroxytheophylline can be optimized for each 
column by adjustments in the methanol concentration 
of *2%. 
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6,G’-Azopurine, a Poten t  In Vitro 
Inhibitor of Rabbit Liver Aldehyde Oxidase 


Keyphrases G,fi’-Azopurine-inhibition of rabbit liver aldehyde ox- 
idase, in uitro, prevention of azathioprine cytotoxicity IY Enzyme in- 
hibitors - &6’-azopurine, inhibition of ratihit liver aldehyde oxidase, in 
c’rlro, prevention o f  azathioprine cytotoxicity 0 Azathioprine-pre- 
vent ion of cytotoxicity by 6,6’-azopurine 


To the Editor: 


Hepatic aldehyde oxidase (a1dehyde:oxygen oxidore- 
ductase, EC 1.2.3.1) oxidizes many purines a t  the CS-po- 
sition (1-3) and has been implicated in the metabolism of 
azathioprine (3), methotrexate and its dialkyl and dichloro 
derivatives (4), formycin I3 (5,6), cyclophosphamide, and 
the N-alkylphenothiazines (7,8). Inhibitors of aldehyde 
oxidase and xanthine oxidase, either endogenous or 
therapeutically administered, may change the conversion 
rate of azathioprine into active and inactive metabolites. 
This factor becomes significant for the development of 
treatment schedules for the most favorable balance be- 
tween therapeutic effect and drug toxicity. 


We wish to report the finding of such an inhibitor. 
During investigations of oxoazopurine pharmacology (9, 
lo), we observed that 6,6’-azopurine disodium salt (I) was 
a potent inhibitor of rabbit liver aldehyde oxidase and also 


Table I-Identification of the Product of Enzymic Oxidation of 
6,6’-Azopurine Disodium Salt (I) by Rabbit Liver Aldehyde 
Oxidase 


R, Values” 
Chemically Enzymatically 


Solvent System Synthesized I1 Synthesized I1 I 


Ethanol-pyridine- 0.17 0.16 0.26 


n-Propanol-ammonia 0.36 0.37 0.59 


Ethanol-0.5 M 0.09 0.09 0.4 


water (67:20:13) 


(concentrated)- 
water (6030:lO) 


ammonium acetate 
( 5 2 )  


Chromatographic analyses were carried out using Whatman chromatography 
grade 1 paper. Results shown are averages of triplicate determinations. 


acted as a substrate for this enzyme. The  oxidation of I by 
the enzyme resulted in the formation of a known potent 
xanthine oxidase inhibitor, 8,8’-dioxo-6,6‘-azopurine (11) 
(9). 


A modified literature method (1) was used to obtain a 
partially purified aldehyde oxidase preparation from 
rabbit liver homogenates containing 5.04 mg of protein/ml. 
I t  was assayed using a spectrophotometric method based 
on measuring the rate of N1-methylnicotinamide chloride 
oxidation at 300 nm (1,6). The  conversion of N’-methyl- 
nicotinamide chloride to  its 2-pyrone was measured by 
monitoring the increase in absorbance a t  300 nm upon 
addition of the enzyme a t  ambient temperature to reaction 
mixtures containing, in 3 ml: substrate (0.5, 1,2.5,5, or 10 
rnM), desired concentration of I ranging from 2.6 to 13 pM 
in 5 mM pH 7.8 potassium phosphate buffer, and 0.005% 
edetic acid. The double-reciprocal plot (Fig. 1) of the in- 
hibition of rabbit liver aldehyde oxidase showed that I was 
a competitive inhibitor of this enzyme with a k, of 3.3 X 


M. The  k, for N1-methylnicotinamide chloride was 
318 pM. 


For the enzymatic synthesis of I1 from I, the following 
procedure was used. Compound I, 2.5 mg, was dissolved 
in 10 ml of water to  obtain a clear yellow solution. To this 
solution were added 7.5 ml of 0.05 M potassium phosphate 
buffer containing 0.005% edetic acid a t  pH 7.8 and 2.5 ml 
of aldehyde oxidase suspension (5.04 mg of protein/ml). 
A control reaction was carried out using the same reactants 
except that  2.5 ml of the buffer was added in the last step 
instead of the aldehyde oxidase suspension. Both reaction 
mixtures were incubated a t  room temperature for 15 
min. 


A t  the end of 15 min, both solutions were brought to a 
50% ammonium sulfate saturation by adding 313 g of solid 


. M-‘ X lo-* 
1 


[“-METHY LNlCOTlNAM IDE CH LOR ID€]  


Figure I-Double-reciprocal plots of thc. i n  vitro inhib i t ion  of rnbhit 
/ i w r  aldehyde oxidase by fi,h”-azopurinr disodium salt  ( I ,  No A P  ). 
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Nuclear-Substituted Styryl Ketone Analogs: Effects on 
Neoplasms, Microorganisms, and Mitochondria1 Respiration of 
Tumorous and Normal Cells 
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Abstract 0 Analogs of some antineoplastic and cytotoxic Mannich bases 
derived from conjugated styryl ketones were prepared and evaluated for 
activity in the P-388 lymphocytic leukemia screen. Most of the new 
compounds had lower antineoplastic and murine toxicity than the parent 
compounds. Antimicrobial evaluation of some oximes and alcohols related 
'to the Mannich bases revealed activity against certain Gram-positive 
bacteria and fungi. Primary pharmacological evaluation showed that 
some compounds containing a dimethylaminomethyl group displayed 
analgesic and antihistaminic properties. Five of the Mannich bases were 
evaluated as respiratory inhibitors in mitochondria derived from hepatic 
tumors, liver tissue from tumor-bearing animals, and normal rat liver. 
No statistical difference between the sensitivity of the three tissues to 
the compounds was obtained. 


Keyphrases Styryl ketones, nuclear substituted-effects on neo- 
plasms, microorganisms, mitochondrial respiration in normal and tumor 
cells, structure-activity relationships Antineoplastic agents, poten- 
tial-nuclear-substituted styryl ketones, effects on neoplasms, micro- 
organisms, mitochondrial respiration in normal and tumor cells, struc- 
ture-activity relationships 0 Mitochondria-effect of nuclear-substi- 
tuted styryl ketones on respiration, normal and tumor cells 0 Mannich 
bases-derivatives, effects on neoplasms, microorganisms, mitochondrial 
respiration in normal and tumor cells, structure-activity relationships 


Numerous Mannich bases derived from conjugated 
styryl ketones (I) have shown promising levels of anti- 
neoplastic activity accompanied by murine toxicity (1). 
The activity of these compounds is due, in part at least, to 
interference with mitochondrial function (2); examination 
of the effect of representative compounds on the electron 
transport chain of rat liver cells showed that competition 
with coenzyme &lo is an important site of action (3). In 
addition, various studies revealed that Mannich bases have 
antimicrobial activity (4-7) as well as other bioactivities 
(8,9), including analgesia in both Mannich bases (10) and 
their derivatives (1 1). 


BACKGROUND 


The aim of the present investigation was twofold. First, a study was 
contemplated involving a systematic modification of the lead compounds 
(I) to see if antineoplastic activity could be retained while toxicity was 
diminished. The assessment of the new derivatives for other bioactivities 
was also of interest. Second, this study compared the effects of repre- 
sentative Mannich bases on the mitochondrial electron transport chain 
derived from normal rat liver cells and from hepatomas. A structure- 
activity relationship to antineoplastic activity would permit the rational 
design of novel anticancer agents. 


The modification of the Mannich bases (10-11) was through systematic 
alterations of the basic center, then of the lipophilic pentamethylene 
chain, and f d y  of the carbonyl group. Reaction of Ic and If with methyl 
iodide produced IIa and IIb, which are quaternary ammonium salts, 
representatives of which are known to cause lysis of cytoplasmic mem- 
branes (12). Furthermore, the addition of one bulky group onto the 
quadrivalent nitrogen atom (IIa and IIb) may reduce absorption onto 
serum proteins (13). 


The activity of certain Mannich bases may be due to deamination to 
the corresponding conjugated carbonylene (14,15), and thus IIc and IId 


may be breakdown products of the precursor derivatives Ic, If, IIa, and 
1Ib in uivo. A comparison of the antitumor efficacies of these six com- 
pounds may allow certain conclusions about the active species. Com- 
pounds IIc and IId, while retaining the conjugated styryl ketone function 
permitting biological alkylation to occur (16-181, were expected to have 
considerably lower aqueous solubility than the precursor compounds. 
By contrast, Mannich bases 1110 and IIIb, in which the lipophilic pen- 
tamethylene chain of Ia had been removed, were predicted to have greater 
aqueous solubility than 10. Recently, the biological activity of cu,@-un- 
saturated ketones has been attributed partially to a judicious balance 
between their hydrophilic and hydrophobic portions (19). 


The final series of alkylating agents related to I involved ketone 
modification. Oximes may be ketone prtdrugs (20), and the formation 
of  IVa and 1Vb might allow selective release of the precursor ketones in 
tumorous tissue due to the acid lability of oximes (21); the claim has been 
made that the extracellular fluid of certain tumors is more acidic than 


Io: R, = R, = H 
Ib: R, = 2-Cl, R, = H 
Ic: R, = 443,  R, = H 
Id: R,  = 243, R, = 4-Cl 


If: R, = 3-C1, R, = 4-Cl 
Ie: R ,  = 241, R, = 6-C1 


IIa: R ,  = 4-C1, R, H, X = CH 
I 


CH,I+CH,), 1 
IIb: R ,  = 3431, R, = 443, X = CH 


I 
CH&(CH,), I 


IIc: R ,  443, R, = H, X = C 
II 


/"\ 
H H  


IId: R,  = 341, R, = 4-Cl, X = C 
II 
c 
/ \  


H H  


&=+H-R 


6 ~H,N(cH,) ,  . H C ~  
IIIa: R = H 
IIIb: R = CH, 
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IVU: R ,  = 2-C1, R, = H, X = C 
II 
NOH 


IVb: R ,  = 3-CI, R, = 4 4 3 ,  X = C 
I1 
NOH 


IVC: R, = 243 ,  R, = H, X = CH(OH) 
IVd: R,  = 4-CI, R, = H, X = C H ( 0 H )  


IVf: R ,  = 3-CI, R, = 4-C1, X = C H ( 0 H )  
I V e :  R ,  = 2-CI, R, = 4-C1, X = C H ( 0 H )  


@~H-cH~-c -CH- (cH,),cY, 
II I 


~ H O H   OH ~ H , N ( C H  I ) n  . HCI 


V 


CH~N(CH,), . HCI 
VI 


'OH 
V I h :  R ,  = R, = H 
VIlb: R ,  = 2-C1, R, = H 
VIIC: R, = 4-C1, R, = H 
VIM: R, = 2-C1, R, = 6-Cl 


VIIf: R, = 4-N(CH3),, R, = H 
VIIe: R, = 343, R, = 4 4 3  


H 


VIIIa: R, = R, = H 
VIIIb: R, = 2-C1, R, = H 
VIIIC: R, = 4421, R, = H 
VIIId: R ,  = 3-c1, R, = 4-CI 


normal extracellular fluid (22, 23). In addition, an oxime derived from 
an cu,fi-unsaturated ketone had a ninefold increase in aqueous solubility 
over the precursor ketone (24). Reduction of the Mannich base ketone 
function would produce the substituted allyl alcohols IVc-IVf, expected 
t o  have alkylating properties due to the stability of the carbonium ion. 
In the case of these aryl-substituted alcohols, the carhonium ion would 
he expected to he further destabilized by delocalization of the positive 
charge on the ring. The murine toxicity of I may he associated with the 
dimethylaminomethyl function. Hence, nitrogenous analogs of conju- 
gated styryl ketones that were not Mannich bases, were synthesized, 
namely the oximes \'I1 as well as the aziridines VIII, representatives of 
which have displayed anticancer activities (25). 


The second phase of the investigation involved comparing the effects 
o f  certain compounds on mitochondria derived from normal and from 
tumorous cells. Since the Mannich bases Ia and Id-If interfere with 
certain processes in the hepatocyte mitochondrial electron transport 
chain (31, an experimental rat hepatoma model was sought in which to 
examine the effects of these compounds on mitochondria from nontu- 
morous tissue from normal and tumor-bearing rats. 


Since 1960, various Morris hepatomas have become available (26). The 
5123 TCH hepatoma chosen has a high mitochondria titer and is a highly 
differentiated stable growing tumor with an intermediate growth rate. 
This hepatoma grows in the pelvic region of the Buffalo rat strain, and 
the tumors develop within 4-5 weeks. Thus, by isolating the mitochondria 
from these three sources, the effects of  la, Id-]/, and l l la  in the presence 
of various substrates may permit conclusions ahout a mitochondrial 
sensitivity to the cytotoxic and antineoplastic Mannich bases. 


RESULTS AND DISCUSSION 
The first phase involved the synthesis and screening of derivatives 


I-VIII. In these compounds, the olefinic double bond of the styryl group 
was shown hy 'H-NMR and IR spectroscopy to have the (El-configura- 
tion; 'H and ':C-NMR spectroscopy revealed that allyl alcohols IVc and 
IVe had the threo-configuration, while IVf was a 60:40 mixture of 
cq th ro -  and threo-isomers. Purification ol IVd led to the isolation of 
the threo-isomer (1Vd'). After considerable difficulty, a small quantity 
o f  the urythro-isomer (IVd") was isolated as the maleate salt. In the re- 
action between Ia and hydroxylaniine, the only product isolated was the 
hydroxylamino derivative, V. An attempt was made to form the IVd 
phosphate ester since the claim has been made that certain cancers 
contain high phosphatase ( 2 7 ) .  However, the product showed that IVd 
dehydration had occurred, producing the diolefin VI. NMR spectroscopy 
( 100 MHz) showed that the aziridines V l l l  had the cis-configuration. 


The activity of I-VIII agninst 1'-888 lymphocytic leukemia and their 
murine toxicity is summarized in Table I .  The Mannich bases (1) in- 
creased the survival time in mice by an average 18% and the related 


Table  I-Evaluation against  P-388 Lymphocytic Leukemia a n d  
Murine Toxicity of Some Conjugated Styrenoid Ketones and  
Related Compounds 


Maximum Increase 
in Mean Murine Toxicity 


Survival Time of Compound 
Com- (dose in milligrams (dose in milligrams 
pound per kilogram)" per kilogram) KR' 


Ia  
Ib 
IC 
Id 


IIa 
I lb  
IIC 
IId 


IIIa  
IIIb 
IVa 
IVb 
IVC 
IVd' 
IVd" 
IVe 


VI 
VIIa 
VIIb 
VIIC 
VlId  
VIIe 


:; 


I;/ 


105 (100) 
104 (6.25) 
113 (50) 
130 (18) 
115 (28) 
142 (6.25) 
113 (6.25) 
119 (12.5) 
118 (400) 
109 (50) 
108 (50) 
109 (37.5) 
112 (100) 
116 (50) 
117 (50) 
127 (25) 
112 (25) 
108 (12.5) 
109 (12.5) 
106 (50) 
11 1 (50) 
122 (50) 
105 (200) 
108 (100) 
118 (400) 
120 (200) 


0 (200), 6 (100) 
0 (200). 5 (100). 6 150) 


0 (200),2 (loo), 6 (50) 
0 (170). 3 (115). 6 (75) 
2 (200); 6 (100)' 
1 (ZOO), 5 (100),6 (50) 
0 (200J, 3 (loo), 6 (50) 
6 (50) 
6 (50)p 
0 (loo), 5 (50),6 (25) 
0 (loo), 3 (50), 6 (25) 
2 (200), 6 (100) 
1 (200), 6 (100) 
6 (200) 
5 (200), 6 (100) 
6 (200) 
6 (400) 
6 (200) ~~~ 


93 (iooj S (4ooj VIIf 
0 (loo), 5 (18), 6 (9) 115 (4.5) VIIIa 


1.5 
5.1 
1.7 
1 .o 
2.8 
1.2 
2.1 


2.3 
5.0 


1.2 


- 


11 


- 
- 
3.2 
2.6 
2.5 
- 
- 
- 
- 
- 
- 
-. 


- 
- 
- 
- 


0 Figures are the ratios of the survival times of treated animals to those of control 
animals, expressed as a percentage. A compound is considered to be active if it in- 
creases the mean survival time by 25%. The data for Id-If and IIlb are from Ref. 
1 and are reproduced with permission of the copyright owner. * The murine toxicity 
of the compound is measured by the number of survivors out of six on the 5th day 
after the dosage schedule commenced. The data for Compounds la, Ib  (200- and 
100-mg/kg doses), Id-If, 110 (200- and 100-mg/kg doses), Ilc, IIlb, and IVc are from 
Ref. 1, and the data for IId (50-mg/kg dose) are from Ref. 2. These results are re- 
produced with permission of the copyright owner. r The figures, in micrograms per 
milliliter, in the KB cell culture screen indicate the dose inhibiting 50% of the growth 
of human epidermoid carcinoma of the nasopharynx in Eagle's medium. A com- 
pound is considered to be active if it inhibits SO% of the growth of this tumor at a 
concentration of 4 pglml. The data for Ic-If,Ila, IIc, IIIb, and IVe are from Ref. 
1, and the result for IIIa is from Ref. 2. This information is reproduced with per- 
mission of the copyright owner. d The maximum dose administered with this 
compound was 50 mgkg. At 400 mg/kg, there were no deaths when the compound 
was administered twice on Days 2 and 6 to three animals. 
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Table 11-Antimicrobial Evaluations of Some Oximes and Alcohols Derived from Coniugated Stvrvl  Ketones 


Organism 


Escherichia coli (ATCC 8739) 
Pseudomonos aeruginosa (ATCC 10145) 
Klebsiella neumoniae (ATCC 4352) 
HaemophiLs influenzae (ATCC 19418) 
Staphylococcus aureus (ATCC 6538) 
Streptococcus pyogenes (hospital isolate) 
Streptococcus pneumoniae (ATCC 6303) 
Streptococcus faecalis (ATCC 8030) 
Bacillus subtilis (ATCC 6633) 
Salmonella typhimurium (G46) 
Bordetella bronchiseptica (ATCC 4617) 
Trichophyton mentagro hytes (ATCC 9533) 
Microsporum gypseum &TCC 14683) 
Aspergillus niger (ATCC 10535) 
Candida albicans (ATCC 10231) 
Saccharomyces carlbergensis (ATCC 9080) 


IVa IVb IVd’ IVe VIIa VIIb VIIC VIId VIIe VIIf 


>500 
>500 
< 100 


<loo 
- 
- 
- 


<loo 
<lo0 
4 0 0  
<lo0 
>500 
>500 
>500 
>500 
>500 


>500 
>500 
<100 


< 100 


<lo0 
<lo0 
>500 
<loo 
<I00 
<lo0 
<500 
<500 
<500 


- 


- 
- 


>500 
>500 
<ioo 
<loo 


<lo0 
< 100 
>500 
<500 
<loo 
<lo0 
<500 
<500 
<500 


- 
- - 


>500 
>500 
<loo 


<lo0 
- 


- 
- 


<lo0 
<lo0 
>500 
<lo0 
<loo 
< 100 
<500 
<500 
<500 


>500 
>500 
>500 
>500 


10 
100 


>500 
100 
10 


>500 


>500 
>540 
>500 
>500 
>500 


- 


>500 
>500 
>500 
>500 


10 
10 
10 
10 
10 


>500 


>500 
>500 
>500 
>500 
>500 


- 


>500 
>500 
>500 
>500 
>500 
>500 
>500 


250 
10 


>500 


>500 
>500 
>500 
>500 
>500 


- 


>500 
>500 
>500 


<loo 
- 


- 
- 


<loo 
<loo 
>500 
>500 
<loo 
<loo 
>500 
>500 
>500 


>500 
>500 
>500 
>500 
>500 
>500 
>500 
>500 
>500 
>500 


>500 
>500 
>500 
>500 
>500 


- 


>500 
>500 
>500 


>500 
- 


- 
- 


>500 
> 500 
>500 
>500 
<500 
<500 
>500 
>500 
>500 


0 15 Average antimicrobial activityb 23 1 292 262 292 100 167 40 192 


Figures were calculated from (combined antimicrobial activity 
X 100)/number of microorganisms in the screen. The combined antimicrobial activity WBS determined by giving the following scores at the highest potency of the compound 
against the microorganisms: <5001, 1W2.5, and <1005. 


0 Figures are the minimum inhibitory concentrations of the compounds in micrograms per milliliter. 


synthons (11-VIII) caused an average 1310 increase. Thus, antineoplastic 
activity was retained, albeit diminished. In general, murine toxicity also 
was retained but reduced except for the VII oximes, which did not contain 
the dimethylaminomethyl function. The oximes VII had an average 11% 
increase in mean survival time but were virtually bereft of murine tox- 
icity. 


All compounds examined in the in uitro KB screen displayed cyto- 
toxicity. Quaternization of Ic gave IIa with similar effect in the P-388 
screen and murine toxicity; the possible metabolite of both compounds, 
the cu,/3,cu‘,P’-diolefinic ketone IIc, retained activity and decreased host 
toxicity. Quaternization o f  the highly active Mannich base If gave IIb with 
lower antineoplastic activity and lower murine toxicity, while the 
deaminated IId was virtually devoid of antileukemic potency, even 
though host toxicity was lower than in If. A comparison of the data for 
the unsubstituted Mannich bases In, 1110, and IIIb revealed that while 
a similar low activity level in the 1’-388 screen was observed, murine 
toxicity increased as the chain length was shortened. While the average 
increase in mean survival time for Ib and If was 23%, the related oximes 
IVa and IVb increased survival time by 14% and host toxicity was re- 
duced. The threo-isomeric ally1 alcohol IVd’ increased the mean survival 
time by twice that of either the erythro-isomer IVd” or the precursor 
Mannich base Ic. 


The dichlorinated alcohols IVe and IVf had markedly inferior anti- 
neoplastic activity compared to the related Mannich bases Id and If. 
While three oximes, VlIa, VIld, and VIIe, showed an average 20% in- 
crease in the lil‘espan of the mice unaccompanied by host toxicity a t  the 
maximum doses administered, the aziridines VIIIa-VIIId proved lethal 
at  100 mg/kg. A representative aziridine, VIIIa, was examined further, 


but an increase of only 15% in mean survival time was found a t  the opti- 
mum dose level. 


Some Mannich base derivatives were screened for antimicrobial ac- 
tivity (4, 5) and other pharmacological activities (11). Since a,P-un- 
saturated ketones have shown significant mammalian toxicity, it was felt 
that evaluating some related alcohols and oximes, in which the carbon- 
ylene group is masked, might lead to a greater chance of clinical accept- 
ability if antimicrobial or pharmacological activity is found. 


The antimicrobial results of 10 of the alcohols and oximes are listed 
in Table 11. The results indicated that compounds containing a dimeth- 
ylaminomethyl group, namely the oximes IVa and IVb and the alcohols 
IVd’ and IVe, had the greatest activity and were virtually equipotent. 
In the VII series of oximes, the o-chloro and 2,6-dichloro oximes VIIb and 
VIId showed the greatest activity. The most sensitive bacteria to these 
compounds were the Gram-positive organisms Staphylococcus aureus, 
Streptococcus faecalis, and Bacillus subtilis. Compounds IVb, IVd‘, and 
IVe all showed the same activity against the five fungi in contrast to IVa, 
which was inactive. The VII oximes were virtually devoid of antifungal 
activity. 


Some Mannich bases have demonstrated analgesia (LO), and the data 
generated from the primary pharmacological screening (Table 111) in- 
dicate that the oximes and alcohols derived from these compounds have 
this property. Numerous narcotic analgesics have a common structural 
unit linked together, namely a tertiary nitrogen atom, a two-carbon chain, 
and a quaternary carbon atom to which an aryl ring is attached (28). The 
compounds bear some similarity to the general formula of narcotic an- 
algesics, although a styryl group and not an aryl ring is attached to the 
quaternary carbon atom. The overlap of T-orbitals in this group of 


Table  111-Evaluation of Some Oximes and  Alcohols Derived from Conjugated Styryl  Ketones fo r  Analgesic, Anti-Inflammatory, a n d  
Antihistaminic Activities 


Analgesic Activitya Anti-Inflammatory Activityb 
Percentage ProtectionC Percentage Protection 


Dose, Antihistaminic 
ComDound 32 64 128 ED50 mg/kg 3 hr 5 hr Activityd 


IVa 7 5 e  
IVb 7 
IVd‘ 74 


IVe 52f 
VIIa - 
VIIb 
VIIC 
VIId - 
VIIe - 
VIIf 49 


- 
- 


100 
42 
91 


98 
- 


- 
38 


58 
- 


- 22 ~~ 


96 64 
91 18 


- 30 
Algesicg - 
Algesicg - 
AlgesicR - 


54 
6 


96 42 


- 
- 


64 
- 
128 
256 
128 
64 
64 
64 


128 
64 


128 


17 0 


39 17 
87 17 
0 0 
0 0 


25 50 
0 0 
0 0 
0 0 
0 0 


lOOf  
79 
lOOf 


1001 
29 
13 
12 
15 
7 


31 


Analgesic activity was measured by the percenta e protection in the phenylquinone writhing test. Under these conditions, aspirin gave 50% protection at 52 mgkg. 
A compound displaying an effect >50% is considerefto be active. Anti-inflammatory activity was measured by the percentage protection afforded by the compound 
to carrageenin-induced edema. The reference compound, indomethacin, gave 50% protection at 12 mgkg  under these conditions. Compounds showing >50% protection 
are considered active. Dose levels in milligrams per kilogram. Figures indicate the percenta e rotection of the compound at 0.1 mg/ml against a standard histamine 
dose. A compound is considered active if 20% protection is obtained. The reference compouncf 8 henylhydramine, gave 100% protection at 0.01 mg/ml. e Percentage 
protections at 16 mg/kg for IVo and IVe were 42 and 10, respectively. f At a dose level of 0.01 mgfml, IVa. IVd’, and IVe inhibited the histamine action by 52,70, and 
100%. respectively. At 0.001 mg/ml, IVa, IVd’, and IVe inhibited the action of histamine by 29,18, and 52%. respectively. 8 Percentage increases in the number of writhes 
for VIIa, VIlb, and VIlc were 18,31, and 6, respectively. 
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Table IV-Inhibition of Respiration of Mitochondria Obtained from the Hepatic Tumor 5123 TCH, from the Liver of the Tumor- 
Bearing Animal, and from Normal Rat Liver by the Mannich Bases Ia, Id-If, and IIIa Using Succinate as the Substrate 


Com- 
pound 


Ia 


Id 


Ie 


If 


IIIa 


Concen- 
tration, 
pmoles 


5.0 
2.5 
0.5 
5.0 
2.5 
0.5 
0.1 
5.0 
2.5 
0.5 
0.1 
5.0 
2.5 
0.5 
0.1 
5.0 


Hepatic Tumor 5123 TCH 
Increase 


in 
Inhibi- Respira- 
tion, tion", 


% S E  % SE 


96.69 1.07 -0.61 2.43 
66.35 6.15 2.44 6.38 
4.70 4.64 10.83 54.92 


97.38 1.00 -2.75 1.06 
95.62 1.52 -0.58 1.81 
85.09 3.05 11.96 2.36 
21.05 3.99 -4.62 41.17 
97.14 1.06 -1.79 0.55 


101.6 3.35 -1.05 0.94 
83.29 4.07 14.53 3.71 
22.61 7.58 47.98 17.09 
95.60 2.12 -0.88 0.88 
84.69 8.78 5.30 3.31 
90.78 4.24 5.81 3.59 
44.53 17.23 -32.25 21.27 
10.83 4.50 -64.41 28.39 


Hepatic Tissue from Tumor-Bearing 
Animal 


Increase 
in 


Inhibi- Respira- 
tion, tion*, 


% SE % S E  


96.62 1.72 2.40 0.80 
84.27 2.88 -4.49 2.41 
-4.57 12.30 -30.20 46.99 
97.35 1.62 -1.87 1.21 
96.18 1.43 -1.00 1.13 
83.26 2.84 10.29 2.98 
51.06 10.70 -13.10 19.77 
94.34 2.20 -2.37 1.93 
89.69 2.08 -4.78 1.34 
74.40 3.92 2.10 0.97 
6.57 12.31 -29.02 23.33 


97.55 1.53 1.55 1.02 
~ _ _  


95.22 3.08 -1.20 1.03 
78.68 8.47 3.45 1.49 
36.21 20.18 -37.64 15.16 


-10.08 7.02 -52.87 45.27 


Normal Rat Liver 
Increase 


in 
Inhibi- Respira- 
tion, tiona, 


% S E  % SE 


85.10 1.68 2.98 2.63 
85.00 5.77 -4.74 2.34 


-25.42 22.71 -0.58 28.70 
94.27 2.26 -2.01 0.96 
91.47 2.99 -4.65 2.14 
71.08 6.26 2.59 2.53 
23.29 27.08 -12.37 7.97 
97.49 1.64 0.21 0.38 
95.85 2.00 0.049 0.75 
74.44 6.59 8.81 4.20 
21.92 13.24 7.37 10.42 
95.00 1.30 -3.73 1.45 
94.27 1.85 -1.59 1.52 
76.76 5.37 -5.78 6.21 
49.92 8.81 -17.97 9.54 


1.86 12.17 -44.33 31.12 


The percentage increase in respiration indicates the change in respiration after ubiquinone addition. 


compounds may not preclude alignment a t  a nonpolar portion of the 
receptor, which is normally occupied by the aryl ring. The IVa and IVd' 
monochloro derivatives had, on the average, approximately 2.4 times the 
potency of IVb and IVe, which have two chlorine atoms in the aromatic 
ring and may exert some steric impedance to binding a t  a receptor. Co- 
deine analgesia, expressed as an EDa value, is 14.2 mghg in the hot plate 
test (29); and although the compounds listed in Table 111 were evaluated 
by the phenylquinone writhing test, it may be considered that IVa and 
IVd' are similar in potency to codeine, while IVe and 1Vb are approxi- 
mately one-half and one-fifth as active as this widely used drug. 


The VII oximes displayed a wide spectrum of response in the analgesia 
screen, ranging from algesia (VIIa-VIIc) to weak analgesic activity (VIId 
and VIIe) to VIlf, which had approximately one-third of the activity of 
codeine. The demonstration of analgesia by certain of these compounds 
would be enhanced if anti-inflammatory properties were also found in 
the active cornpounds. Table I l l  indicates that none of the derivatives 
met the criterion for activity a t  3 and 5 hr. 


Table Ill indicates that  all of the compounds examined in the anti- 
histaminic screen displayed activity, with maximum potency shown by 
the dimethylaminomethyl compounds IVa, IVb, IVd', and IVe. These 


derivatives are related structurally to the propylamine group of anti- 
histaminics, in which halogenation of the aromatic ring enhances activity 
(30). Both of the alcohols IVd' and IVe as well as the oxime IVa showed 
histamine-inhibiting properties at a concentration as low as 0.001 mg/ml. 
None of the compounds listed in Table 111 demonstrated activity in the 
cardiovascular, hypoglycemic, and antianaphylactic screens, except IVe 
which inhibited passive cutaneous anaphylaxis in rats by 75% a t  a dose 
of 75 mglkg. 


The second phase of the work involved the examination of the effect 
of the Mannich bases la, Id-If, and IIIa on respiration of mitochondria 
obtained from the 5123 TCH hepatic tumor and from the tumor-bearing 
animal as well as from normal rat  liver using different substrates (Tables 
IV-VII). Statistical evaluation showed no difference (at p = 0.05, analysis 
of variance) in sensitivity of the three types of tissue to the Mannich 
bases. 


In summary, this work has shown that molecular modification of the 
Mannich bases (I)  produced compounds of lower murine toxicity, gen- 
erally accompanied by reduced anticancer activity. The results of mito- 
chondrial respiration inhibition studies likewise showed that five of the 
compounds were not selective for mitochondria from tumor cells. 


Table V-Inhibition of Respiration of Mitochondria Obtained from the Hepatic Tumor 5123 TCH, from the Liver of the Tumor- 
Bearing Animal, and from Normal Rat Liver by the Mannich Bases Ia, Id-If, and IIIa Using Glutamate as the Substrate 


Hepatic Tissue from Tumor-Bearing - 
Hepatic Tumor 5123 TCH Animal Normal Rat Liver 


Increase Increase Increase 
in in in 


Concen- Inhibi- Respira- Inhibi- Respira- Inhibi- Respira- 
Com- tration, tion, tion", tion, tion", tion, tion", 
pound pmoles % SE % S E  90 SE % SE % SE 90 SE 


Ia 5.0 75.54 5.93 1.01 5.44 83.59 4.58 -6.83 6.51 89.16 1.03 -2.77 4.21 
2.5 67.39 3.85 -15.16 7.02 75.36 6.24 -8.14 3.66 61.30 3.54 -0.61 1.41 
0.5 42.88 9.81 1.44 11.85 7.17 9.36 19.77 26.91 31.44 11.22 -11.47 17.10 


Id 5.0 81.78 4.33 -8.17 4.65 88.74 2.58 -1.22 2.79 84.19 4.11 -1.06 4.60 
2.5 77.24 2.90 -13.55 4.95 87.44 2.47 -5.86 2.77 81.64 2.02 -0.58 1.62 
0.5 50.05 3.11 -24.80 11.49 85.91 0.68 -1.89 1.83 73.77 4.72 
0.1 23.40 11.67 -13.39 6.74 78.58 3.16 -5.36 2.99 -22.38 30.43 -11.56 20.53 


Ie 5.0 90.06 3.47 0.096 6.72 83.70 4.32 -4.90 2.90 81.69 4.41 -1.27 3.71 
2.5 75.73 3.22 -11.52 9.87 89.91 3.75 -0.46 1.91 81.22 2.61 -2.17 3.97 
0.5 68.45 2.50 -16.04 7.90 82.37 2.29 -2.78 3.19 75.23 2.48 -6.37 6.51 
0.1 44.42 9.06 -1.73 13.31 68.68 7.77 -9.82 1.52 29.12 23.30 -25.05 17.93 


2.5 80.06 6.89 -13.42 15.30 88.83 3.34 1.49 2.18 85.47 2.39 -3.71 2.70 
0.5 57.18 4.49 -27.68 5.91 81.08 3.65 -0.39 2.71 81.92 6.06 -5.89 2.13 
0.1 47.77 13.65 -24.71 8.95 78.09 4.93 -3.05 2.76 72.41 5.36 -7.14 3.36 


IIIa 5.0 6.87 3.62 -78.15 17.10 18.75 12.85 7.54 13.21 4.45 11.14 -46.67 46.67 
The percentage increase in respiration indicates the change in respiration after ubiquinone addition. 


6.45 9.52 


If 5.0 86.61 3.08 0.36 7.91 92.82 3.23 2.95 4.62 91.76 2.81 3.44 5.00 
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Table VI-Inhibition of Respiration of Mitochondria Obtained from the Hepatic Tumor 5123 TCH, from the Liver of the Tumor- 
Bearing Animal, and from Normal Rat  Liver by the Mannich Bases Ia, Id-If, and IIIa Using 3-Hydroxybutyrate as the Substrate 


Hepatic Tissue from Tumor-Bearing 
Hepatic Tumor 5123 TCH Animal Normal Rat Liver 


Increase Increase Increase 
in in in 


Concen- Inhibi- Respira- Inhibi- Respira- Inhibi- Respira- 
Com- tration, tion, tiona, tion, tion', tion, tion', 
pound pmoles % SE % SE % SE % SE % SE % SE 


10 5.0 95.16 2.75 -1.38 1.13 94.89 2.07 -2.99 1.38 92.49 0.67 -2.20 1.16 
2.5 92.59 2.59 -4.47 2.39 96.06 2.00 -1.90 1.66 93.43 1.35 -0.19 1.70 
0.5 23.20 12.14 -125.9 31.37 -21.82 38.68 -8.55 5.13 -26.75 15.98 -19.23 17.44 


Id 5.0 97.57 1.32 -1.72 1.36 92.79 2.22 -6.38 2.26 96.64 1.71 -1.27 1.14 
2.5 97.83 3.09 -0.73 2.53 95.28 2.24 0.64 2.14 94.73 2.00 -1.58 1.28 - _  - ~. 


0.5 93.72 3.01 -7.80 4.44 92.41 4.88 -8.92 6.95 98.02 0.80 -1.37 1.13 
0.1 54.19 10.61 -51.62 19.46 90.42 4.11 3.14 3.43 33.10 29.67 -1.54 1.54 


Ie 5.0 99.70 0.27 0.27 0.27 96.15 1.51 -2.34 0.96 91.90 2.19 -2.67 1.68 
2.5 97.11 1.85 -0.51 3.51 94.53 1.47 -3.49 1.56 96.47 1.87 -1.81 1.05 
0.5 92.99 3.49 -3.33 1.65 95.74 2.40 -1.54 2.52 96.41 1.28 -0.94 0.95 
0.1 69.17 13.79 -20.79 12.11 93.79 1.65 -3.46 1.02 -55.73 28.36 -24.56 17.88 ._ 


5.0 93.90 2.03 -4.07 2.28 97.76 0.84 -1.17 0.53 98.75 1.25 -0.33 0.33 
2.5 93.22 1.72 -6.47 1.85 97.56 0.99 -1.90 0.78 97.11 1.23 -1.87 1.90 
0.5 89.01 3.37 -4.90 3.82 97.67 0.83 -0.89 0.67 97.91 1.91 -1.70 1.70 


If 


0.1 58.21 2.24 -52.97 21.57 95.56 1.09 -3.59 1.37 76.45 22.02 0.16 0.16 
IIIa 5.0 18.27 8.18 -36.35 10.08 14.46 9.59 -81.10 27.19 -21.91 8.63 -16.77 12.37 


The percentage increase in respiration indicates the change in respiration after ubiquinone addition. 


Table VII-Inhibition of Respiration of Mitochondria Obtained from the Hepatic Tumor 5123 TCH, from the Liver of the Tumor- 
Bearing Animal, and from Normal Bat Liver by the  Mannich Bases la, Id-If, and IIIa Using Palmitylcarnitine as the Substrate 


Hepatic Tissue from Tumor-Bearing 
Hepatic Tumor 5123 TCH Animals Normal Rat Liver 


Increase 


Concen- Inhibi- Respira- Inhibi- Respira- Inhibi ~ Respira- 


Increase Increase 
in in in 


Corn- tration, tion, tiona, tion, tiona, tion, tion', 
pound pmoles % SE % SE % SE % S E  % SE % SE 


la 5.0 87.97 6.02 2.05 9.84 88.84 2.23 4.22 2.75 89.04 4.39 19.86 5.11 


0.5 -26.17 8.35 10.16 6.30 -61.49 17.48 51.99 24.57 -51.86 16.34 23.18 38.94 
2.5 51.85 7.01 -29.37 12.39 77.88 10.15 -17.67 16.74 -30.02 33.32 -24.37 19.51 


Id 5.0 85.24 4.29 -0.05 5.31 89.21 3.42 -7.13 4.15 82.12 5.54 -1.16 2.58 
2.5 81.74 5.07 -8.94 10.42 91.26 2.71 -1.44 4.49 77.65 5.87 -2.85 4.09 


Ie 


If 


IIIa 


0.5 
0.1 
5.0 
2.5 
0.5 
0.1 
5.0 
2.5 
0.5 
0.1 
5.0 


2.38 


89.35 
86.70 
22.93 


96.45 
81.48 
74.67 


-68.39 
12.80 


-25.77 


-20.13 


16.93 
4.74 
3.71 
4.67 


11.17 
6.02 
1.60 
2.48 


13.27 
10.58 


8.74 


. . ~  


-71.21 
79.23 
-0.09 
-0.48 


-36.30 
74.52 
3.07 


-4.46 
-12.51 


-56.56 
71.82 


29.14 
28.93 
2.62 
2.23 


28.82 
18.14 
1.60 
6.38 
9.94 


60.09 
47.96 


83.99 


86.80 
87.44 
56.24 


-46.65 
96.13 
90.93 
65.81 


-50.89 
-39.03 


-19.96 
2.80 
8.24 
2.03 
2.20 


12.88 
23.45 
2.13 
0.57 


25.86 
47.13 
5.07 


-9.38 
-55.53 
-1.77 
-1.28 


-14.94 
3.88 


-3.51 
-3.01 


4.37 
-9.36 
14.01 


2.96 
37.91 
2.15 
2.45 


12.11 
10.05 
2.59 
2.33 


10.04 


20.58 
674.6 


-18.53 
-57.76 


71.89 
61.85 


-16.31 
-69.09 


95.00 
91.24 
59.62 


-83.61 
-57.71 


28.21 
30.49 
6.02 
7.40 


21.19 
9.42 
2.89 
1.39 
8.40 


55.68 
30.26 


-31.67 


-1.84 
-2.11 


-11.41 
64.25 
-2.62 


2.03 
-31.72 
-19.41 
-64.10 


-128.4 
20.80 
61.18 


4.43 
12.53 
28.94 
10.90 
2.48 
5.69 


14.01 
45.80 
45.30 


The percentage increase in respiration indicates the change in respiration after ubiquinone addition. 


EXPERIMENTAL 


Compound Preparation-The preparation of Ia-If, IIa, and IIc was 
described previously (31). Compounds IIb, IId, and IIIa were prepared 
by the literature methodology (2) as was IlIb (1). The synthesis of IVa, 
IVb, We, IVf, and V-VIII was accomplished using a reported procedure 
(32), and the alcohols IVc and IVd were prepared by the method de- 
scribed previously (33). Compounds IVc and lve  possessed the threo- 
configuration; IVd was obtained as the pure threo-isomer, IVd' (33), and 
a small quantity of the erythro-isomer (IVd") was isolated as the maleate 
salt (33). The alcohol IVf was shown by spectroscopic means to consist 
of a 60:40 mixture of the erythro- and threo-isomers (32). 


Compound Screening-The data summarized in Table I were gen- 
erated by the Drug Research and Development Division of the National 
Cancer Institute, using their protocols (34). The compounds were ad- 
ministered in saline (Ia, Ib, Id, If, IIb, IIIa. IIIb, IVa-IVd', IVe. and IVn. 
saline with polysorbate 80' (Ic, VIM, VIIf, and VIIIa-VIIId), hydroxy- 
propylcellulose (Ie, IIa, IIc, IVd", V, VI, VIIa-VIIc, and W e ) ,  and an 


unspecified solvent (IId) by the intraperitoneal route. The CD~FI  strain 
of mice was used for all compounds except Ie, If, IIa, IIc, IIIb, IVc, IVd', 
and IVd", in which cases the BsDzFl strain of mice was employed. 


Injections were made daily for 9 consecutive days, except in the fol- 
lowing cases. The maximum increase in mean survival times recorded 
in Table I for Ie was obtained by making three injections every 4 days; 
for IIa and IIc, only one injection was made. In addition, the murine 
toxicity data found in Table I for Id were obtained when three injections 
were made every 4 days, and the toxicity of 110 at the N-mg/kg dose level 
was found when one injection was made. The toxicity data for IIb and 
IId at  the 200- and 100-mg/kg dose levels, respectively, were derived from 
two injections separated by a 4-day period. The toxicity data for IVc at  
the 200-mg/kg dose level were obtained by making three injections every 
4 days. 


For the antimicrobial screen2, the compounds were dissolved in water 
or dimethyl sulfoxide and diluted serially to various concentrations. The 
concentrations of stock solutions were prepared such that when 0.5 ml 


I Tween 80, Atlas Chemical Industries, Wilmington, DE 19899. 
2 The antimicrobial and harmacological screens were carried out by Bio-Re- 


search Laboratories Ltd., bfontreal, Quebec, Canada. 
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was added to 15 ml of agar medium, the desired final concentrations were 
obtained. The growth medium for the bacteria was trypticase soy agar 
with 5% defibrinated rabbit blood added for the growth of Haemophifus 
influenzae, Streptococcus pyogenes, and Streptococcus pneumoniae. 
Modified Sabouraud agar was employed for the growth of the fungi. The 
test organisms were grown previously for 2 days a t  35” for bacteria and 
yeast and for 1 week a t  24“ for fungi on slants of the same media. The agar 
plates were streaked with a loopful of cell suspension, which had been 
washed off the slants and diluted to approximately lo5 organisms/ml. 
The plates were incubated for 2-14 days a t  24” for fungi and a t  35” for 
bacteria. The results in Table 11 indicate the minimal inhibitory con- 
centration of the compound that prevents visible growth in the media. 


Unless otherwise stated, the same number of animals was used for 
controls as for pharmacological evaluation of the compound. The screen 
employed for examining the compounds for analgesic activity was the 
phenylquinone writhing test (35). Five male Swiss albino mice, 18-22 g, 
were used for each dose for each compound. The EDSO values for five of 
the compounds listed in Table 111 were obtained by using five mice a t  
doses of 16,32, and 64 mg/kg for IVa and IVe and a t  32,64, and 128 mg/kg 
for IVh, IVd’, and VIIf. 


The anti-inflammatory screen measured the antagonism of the test 
cornpound to carrageenin-induced rat paw edema (36). Six female 
Sprague-Dawley rats, 120-160 g. were used for the compounds listed in 
Table 111, except for Vlla-VIIc and VIIe where four animals were used. 
The edema volume was recorded at  the end of 3 and 5 hr. The compounds 
were examined for antihistaminic activity using four guinea pig ileum 
preparations (37). The antianaphylactic screen measured the potential 
of a compound to inhibit passive cutaneous anaphylaxis in rats (38). Four 
female Sprague-Dawley rats were used for each compound. Compounds 
were administered intravenously a t  125 mg/kg for IVa, 100 mg/kg for IVb 
and Vlld, 25 mgkg for IVd’and IVe, 128 mg/kg for VIIa-VIIc and VIIe, 
and 50 mg/kg for VIIf. A compound was considered active if it reduced 
wheal formation by 50%. The reference compound, chromolyn sodium, 
reduced the wheal area by 90% at a dose of 100 mg/kg. 


The antidepressant screen measured the antagonism of a compound 
to tetrabenazine-induced ptosis in mice (39,40). Six male Swiss albino 
mice were used for each compound; the compounds were administered 
subcutaneously, except VIIa-VIIc and VIIe, which were given intra- 
peritoneally. A dose of 128 mg/kg was used for all compounds except IVa 
and IVe, where the dose was 64 mg/kg. A compound should antagonize 
the tetrabenazine effect by 30% after 30 min and by 10% after 60 min to 
be considered active. The reference compound, amitriptyline, caused an 
antagonism of 90 and 50% after 30 and 60 min, respectively, a t  a dose of 
8 mg/kg. 


In the cardiovascular screen, a Sprague-Dawley rat  of either sex, 
250-400 g, was anesthetized by intraperitoneal urethan injection (1.9 
g/kg). After cannulation of the femoral vein, the blood pressure was 
monitored uia a pressure transducer? connected to a cannula in the left 
carotid artery. The arterial blood pressure and heart rate were recorded 
on a polygraph4. After the preparation had stabilized, the test compound 
was dissolved in saline and/or polysorbate 801 (1%) and administered in 
a volume of 0.01-0.05 ml. The changes in blood pressure and heart rate 
were expressed as percentage differences between the pre- and postdrug 
values. One or two determinations using one rat for each compound were 
made a t  the following dose levels: IVa, IVb, and VIM a t  20 mg/kg; IVd’, 
IVe, and VIIf at  10 mg/kg; and VIIa-VIIc and VIIe at  both 1 and 5 mg/kg. 
A compound should increase the blood pressure and heart rate by 30% 
for a time period considerably in excess of 5 min to be considered ac- 
tive. 


The screen for hypoglycemic activity involved the measurement of 
blood sugar concentration in rats (41). Four male Sprague-Dawley rats 
were used for each compound. Compounds IVb, IVd’, IVe, VIM, and VIIf 
were administered a t  a dose of 128 mg/kg PO. A dose of 64 mg/kg po was 
employed for IVa. Compounds VIIa-VIIc and VIIe were administered 
a t  100 mg/kg iv. A 20% decrease in blood sugar concentration is required 
for a compound to be considered active in this screen. 


Inhibition of Respiration in Mitochondria Obtained from Hepatic 
Tumor 5123 TCH and from Hat Liver-The inoculation of the hepatic 
tumor 5123 ‘I’CH into rats proceeded as follows. Adult, male Buffalo 
strain rats5 containing a 4-5-week-old tumor6 were sacrificed and the 
tumors were removed. The healthy tumor tissue was dissected from the 


Statham. 
(;ass. 
Simonsen Lahoratories. Gilroy, Calif. 
Dr. R. A. Hickie, Department of Pharmacology. College of Medicine, llniversity 


of Saskatchewan, Saskatoon, Saskatchewan, Canada, S7N OWO. 


remainder of the neoplasm. A 10% suspension of the tumor tissue in 
normal saline was prepared and placed in a glass hand homogenizer7, after 
which two or three thrusts with a glass pestle were undertaken. The 
suspension (1 ml) was injected subcutaneously into each side of the in- 
guinal regions of a male Buffalo rat, 100 g. 


The mitochondrial pellet containing tumorous tissue was prepared as 
follows. Adult, male Buffalo rats containing a 4-5-week-old 5123 TCH 
tumor were sacrificed by decapitation and the tumors were removed. The 
healthy tumor tissue (5  g) was dissected from the remaining tumor mass 
and made into a 25% suspension using ice-cold 3.4 mM tromethamine 
hydrochlorides buffer (pH 7.40 a t  room temperature). The 3.4 mM tro- 
methamine hydrochloride buffer contained 0.25 M sucrose and 1.0 mM 
ethylene glycol-bis(aminoethy1)tetraacetate. All of the following proce- 
dures were carried nut a t  0”. 


The tumor tissue was homogenized with 15-20 thrusts with a pestle 
in a glass homogenizer7 and then diluted to a 10T0 homogenate with 
buffer. The mitochondrial pellet, prepared from the homogenate using 
the reported methodology (3), was suspended in cold buffer (10 ml) to 
give a protein concentration of approximately 6 mg/ml; 0.5 ml of this 
suspension was used in each determination. Homogenntes from 10 g of 
liver from tumor-hearing animals and normal Buffalo rats were prepared 
in a similar manner and suspended in 10 ml of huffer. One milliliter of 
this suspension was diluted with 4 ml of buffer, giving a suspension with 
a protein concentration of -5 mg/ml; 0.5 ml of this suspension was used 
in each determination. 


The media and methodology for measuring the effect of the Mannich 
bases on mitochondrial respiration were reported previously ( 3 ) .  The 
percentage increase in respiration was measured by adding 5 pl  of a so- 
lution of ubiquinone (9 nmoles) in ethanol to the cell approximately 2 
min after the addition of the Mannich base and noting the effect on res- 
piration. The results in Tables IV-VII represent the mean values of five 
to eight separate determinations. In every case that mitochondria were 
used, the protein content was determined hy a modification (42) of the 
previously described procedure (43). Results were evaluated statistically 
by the analysis of variance using the SPSS-Anova program (44) and a 
compute+. 
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Abstract  0 Diastereomeric urethane derivatives of atropine (d,l-hyo- 
scyamine) and l-hyoscyamine were prepared by reacting the alkaloids 
with (-)-1-phenylethylisocyanate. The derivatives, as the picrate ion- 
pairs, were characterized by their melting points, optical rotations, ele- 
mental analyses, and IR, NMR, and UV-visible spectra. 


Keyphrases o Diastereomers-atropine and I-hyoscyamine urethane 
derivatives, chemical synthesis o Atropine-derivatives, urethane dia- 
stereomers, chemical synthesis Hyoscyamine-derivatives, urethane 
diastereomers, chemical synthesis 


In an investigation designed to develop a procedure for 
the quantitation of d -hyoscyamine and I - hyoscyamine at 
therapeutic levels in finished drug dosage forms, a method 
for the preparation and isolation of stable diastereomeric 
urethane picrate derivatives was found. The derivatives 
were prepared by reacting the chiral isocyanate reagent 
(-)-1-phenylethylisocyanate with l-hyoscyamine and at- 
ropine (d,l-hyoscyamine). 


The preparation of suitable alcohol derivatives generally 
is based on ester formation by reactions with acid chlorides 
or acid anhydrides (1-3) or on urethane formation by re- 
action with isocyanates (4-6). Little use of optically active 
isocyanates for the racemic mixture resolution has been 
reported in the literature. The reaction of (-bmenthyli- 
socyanate with alcohols (71, the use of (-)-menthyliso- 
cyanate to prepare derivatives with tert -butyl alcohol, 
lactic acid, and amino acids (8), and the reaction of 
a-phenylethylisocyanates with amines, alcohols, and 
Grignard reagents (9) have been studied. Optical activity 
was retained during these reactions, and the respective 
derivatives possessed a larger optical rotation than the 
reagent itself. 


Other investigators (10) reported that (-)-1-phen- 
ylethylisocyanate does not polymerize and can be stored 
for long periods, neat or in solution, without a change in 
the optical rotation value. GLC has been used (11) for the 
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Abstract 0 A GLC assay was developed for pseudoephedrine in serum 
using 3-methylamino-1-phenyl-1-propanol as an internal standard. After 
extraction from serum with benzene under alkaline conditions, pseudo- 
ephedrine was derivatized with pentafluorobenzyl bromide and quan- 
titated by electron-capture GLC. The method has a detection limit of 
4 . 0 2  pg/ml of serum using 1-ml samples. 


Keyphrases Pseudoephedrine-analysis, electron-capture GLC, 
human serum, bioavailability 0 Vasoconstrictors (adrenergic)-pseu- 
doephedrine, electron-capture GLC analysis, human serum, bioavail- 
ability 0 GLC, electron capture-analysis, pseudoephedrine, human 
serum, bioavailability 


Various analytical methods for pseudoephedrine (I) 
determination in biological fluids have been reported, in- 
cluding GLC methods with flame-ionization (1-3), elec- 
tron-capture (4,5), and nitrogen-specific (6) detection. The 
flame-ionization and nitrogen-specific detector procedures 
have low sensitivity, while the electron-capture procedure 
requires a time-consuming derivatization. Kuntzman et 
al. (7) prepared the acetyl derivative of pseudoephedrine 
with tritiated acetic anhydride and quantitated it by 
scintillation counting. However, this method lacks speci- 
ficity. 


The report describes a rapid and specific GLC method 
for pseudoephedrine determination in serum utilizing 
electron-capture detection of the pentafluorobenzyl de- 
rivative. The method is sufficiently sensitive for clinical 
pharmacokinetic evaluations after a single pseudoephed- 
rine dose. Expected serum concentrations range from 4 . 8  
to 0.1 pg/ml during the 24-hr interval following oral in- 
gestion of 180 mg of pseudoephedrine hydrochloride (7). 


EXPERIMENTAL 


Reagents and Materials-Pseudoephedrine hydrochloride', the 
internal standard2, and pentafluorobeniyl bromide? were used as sup- 
plied. The other chemicals were analytical reagent grade. 


Apparatus-The samples were extracted at  100 cpm on a two-speed 
reciprocating shake# and centrifuged at 10' in a refrigerated centrifuge5. 
Sample solutions in test tubes were mixed by vortexinp. The pentaflu- 


HCOH 
I 


CH,HNCH 
I 


CH, 


I 


NF reference standard. 


A-10261, Abbott Laboratories, North Chicago, Ill. 
Pierce Chemical Co.. Rockford, IL 61105. 
Eberbach Corp., Ann Arbor, Mich. 


* 3-Methylamino-l-phenyl-l-propanol, Abbott internal reference standard, 


6 Model RC-3, Sorvall, Newtown, Conn. 
6 Vortex Genie model K-550-GT, Scientific Industries, Springfield, Mass. 


Table I-Assay Reproducibility of Serum Pseudoephedrine 
Concentration 


Theoretical, Observed' 
Pg/ml Mean f SD, pg/ml RSD, % 


0.05 
0.10 
0.20 
0.40 
0.60 
1.00 


0.055 f 0.008 
0.108 f 0.009 
0.218 f 0.014 
0.388 f 0.015 
0.552 f 0.024 
1.029 f 0.060 


14.4 
8.1 
6.5 
3.8 
4.4 
5.8 


0 Mean of three determinations a t  each concentration. 


orobenzyl derivatives were prepared at high temperature on a heating 
block'. 


GLC-A reporting gas chromatograph8 equipped with a computing 
integratorg, a 6.7Mi-constant-current electron-capture detectorL0, and an 
automatic sampler" were used. The 1.21-m (4-ft) X 4-mm i.d. glass col- 
umn was packed with 5% 0V-225I2 on Gas Chrom Q1* (80-100 mesh). 
The column was conditioned at  250' for 16 hr with argon-methane 
(955)13 at  20 ml/min before being connected to the detector. The carrier 
gas cylinder was fitted with an oxygen trap filterI4. 


The samples were chromatographed using a carrier gas flow rate of 44 
ml/min, with the injector, column oven, and detector maintained at 200, 
190, and 300', respectively. 


Standards-A 100-pg/ml stock solution of pseudoephedrine was 
prepared by dissolving 24.4 mg of pseudoephedrine hydrochloride in 200 
ml of distilled water. The 1-pg/ml working serum pseudoephedrine 
standard was prepared by diluting 1.0 ml of the stock solution to 100 ml 
with drug-free serum. Other serum standards were prepared by further 
diluting the 1-pg/ml serum standard with drug-free serum. 


. . -  
0 4 8 1 2 0  4 8 1 2 0  4 8 1 2 0  4 8 12. 


MINUTES 


Figure 1-Chromatograms of extracted serum samples. Key: 1, serum 
blank; 2, serum blank containing internal standard; 3, serum pseudo- 
ephedrine standard at 0.10 pglml; 4,  serum pseudoephedrine standard 
a t  0.60 pg/ml; A, pseudoephedrine; and B,  internal standard. 


Dri-block DB-3, Techne, Princeton, N.J. 
8 Hewlett-Packard model 5830A. * Hewlett-Packard model 18850A. 


lo Hewlett-Packard model 1880314. 
Hewlett-Packard model 7671A. 
A plied Science Laboratories State College Pa. 


l3 &theson Gas Products, Elk Grove Village, ill. 
I4 Altech Associates. Arlington Heights, Ill. 


002243549I 791 1200-1567$0 1.0010 
@ 1979. American Pharmaceutical Association 


Journal of Pharmaceuiical Sciences I 1581 
Vol. 68, No. 12, December 1979 







Table 11-Assay Sensitivity 


Peak Area Ratio, 


d m l  Internal Standard 
Serum Pseudoepliedrine, Pseudoephedrine to 


0.05 


0.10 


0.20 


0.060 
0.072 
0.075 
0.127 
0.125 
0.111 
0.243 . .~ ~~ 


0.219 
0.220 


Linear Regression Parameters 
Number of points 
Slope 
y-Intercept 
Correlation coefficient 
Calculated sensitivitv". rrdml 


9 
1.057 
0.0158 
0.992 
0.020 


0 Sensitivity was defined as the concentration calculated by linear regression 
analysis to give a peak area ratio greater than the y-intercept 95% of the time. 


An internal standard stock solution, 100 pg/ml, was prepared by dis- 
solving 20 mg of internal standard in 200 ml of methanol. The 1-pg/ml 
working internal standard was prepared by diluting 1 ml of the internal 
standard stock solution to 100 ml with distilled water. 


Assay-To 1.0 ml of serum in 20-1111 screw-capped test tubes fitted 
with polytef-lined caps were added 0.5 ml of the working internill stan- 
dard, 1 ml of 0.1 M Na:jP04, and 6 ml of benzene. The samples were ex- 
tracted by shaking at 100 cpm for 10 min. After centrifugation a t  3000 
rpm for 5 min, 5-ml aliquots of the organic phase were transferred to 
15-ml screw-capped conical test tubes containing 1 ml of 0.1 N HC1. The 
pseudoephedrine and the internal standard were back-extracted into the 
acidic solution by shaking for 5 min. 


Following centrifugation, the organic phase was removed by aspiration. 
The aqueous solution was alkalinized with 1 ml of 1 N NaOH and ex- 
tracted with 2.5 ml of benzene for 5 min. Then 2 ml of the benzene extract 
was transferred to a screw-capped conical test tube, and evaporated to 
dryness at  45' with filtered a i P .  To the residue were added 0.1 ml of 0.1 
M KzHP04,O.l ml of ethanol, and 0.1 ml of 2 mg of pentafluorobenzyl 
bromide/ml of ethanol. The mixture was capped after vortexing and 
reacted at 100' for 1 hr. 


After the mixture had cooled to room temperature, 1 ml of 0.1 M 
K2HP04 and 2.5 ml of benzene were added, and the  solution was ex- 
tracted for 5 min. Then 2 ml of the benzene extract was evaporated to 
dryness at 40' with filtered air to remove excess pentafluorobenzyl bro- 
mide. The residue was dissolved in 1 ml of benzene by vortexing, and a 
2 - 4  aliquot was chromatographed. 


Calculations-The peak area ratios of pseudoephedrine to the in- 
ternal standard were plotted uersus the pseudoephedrine concentration 
expressed as micrograms per milliliter of serum. Values for unknown 
pseudoephedrine concentrations in serum were calculated by the least- 
squares regression method from the calibration curve. 


RESULTS AND DISCUSSION 


Under the described assay conditions, derivation of pseudoephedrine 


' 5  Air purifier, Koby Inc., Marlboro, Mass. 


Table 111-Assay Accuracy of Se rum Pseudoephedrine 
Concentration 


Unknown Theoretical, pg/ml Observed, pg/ml Recovery, % 


1 0.050 0.056 112.0 
2 0 0 
3 0.600 0.556 92.7 
4 0.300 0.309 103.0 
5 1.000 0.964 96.4 
6 0.150 0.157 104.7 
7 0.400 0.375 93.8 
8 0.075 0.076 101.3 
9 0.800 0.755 94.4 


10 0.500 0.472 94.4 
11 0.100 0.110 110.0 
12 0.200 0.213 106.5 


- 


Average rn 
and the internal standard with pentafluorobenzyl bromide yielded unique 
derivatives with GLC retention times of 6.3 and 7.5 min, respectively (Fig. 
1). Pentafluorobenzyl derivatives of ephedrine and norephedrine have 
retention times of 5.1 and 21.8 min, respectively. The pseudoephedrine 
and internal standard derivatives were well resolved from coextracted 
endogenous compounds in serum. 


Assay reproducibility was estimated by analyzing replicate standards 
( n  = 3) ranging from 0.05 to 1.00 pg of pseudoephedrine/ml. Relative 
standard deviations (Table I) ranged fiom 14.4 to 3.8%, with the largest 
deviations associated with concentrations of <0.1 pg/ml. Assay sensi- 
tivity, defined as the pseudoephedrine concentration calculated by linear 
regression analysis that  gave a peak area ratio response greater than the 
y-intercept 95% of the time, was -0.02 pg/ml (Table 11). The accuracy 
of the assay was estimated by analyzing serum samples containing known 
pseudoephedrine quantities under blind conditions. The average recovery 
was 100.8 f 6.9% ( n  = 11) (Table 111). 


The extraction efficiency, compared to extraction of the standard in 
water, averaged 104.0 f 2.2% (mean f S D )  for triplicate serum pseudo- 
ephedrine samples at 1 pg/ml. This value was calculated by dividing the 
peak area ratios of the extracted serum samples by the peak area ratios 
of the water samples. 


This study indicated that the described GLC method can be employed 
to quantitate serum pseudoephedrine levels in a single-dose bioavail- 
ability study. 
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Controlled Drug Dissolution by Radiation-Induced 
Polymerization in the Presence of Dimethylaminoethyl 
Methacrylate-Methyl Methacrylate Copolymer or 
Methacrylic Acid-Methyl Acrylate Copolymer 
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Abstract  o Polymer-containing tablet preparation was studied using 
radiation-induced polymerization of glass-forming monomers a t  low 
temperatures in the presence of dimethylaminoethyl methacrylate- 
methyl methacrylate copolymer or methyl acrylate-methacrylic acid 
copolymer. Drug dissolution from tablets was in the pH 3.0-8.0 range. 
A copolymer contained in the tablets dissolved in the dissolution medium 
at a specific pH. Drug dissolution from tablets took place rapidly a t  pH 
>6.0 in the presence of methyl acrylate-methacrylic acid copolymer and 
a t  pH <5.0 in the presence of dimethylaminoethyl methacrylate-methyl 
met hacrylate copolymer. The polymers had fibrous or capillary pore 
structures in contrast to the spherical pore structures formed in the 
presence of polyethylene glycol 600. 


Keyphrases Dosage forms-controlled-release delivery devices, ra- 
diation-induced polymerization of glass-forming monomers, low tem- 
perature, in the presence of dimethylaminoethyl methacrylate-methyl 
methacrylate or methacrylic acid-methyl acrylate copolymers, for various 
drugs, dissolution rate from tablets Tablets-drug dissolution rate, 
radiation-induced polymerization of glass-forming monomers in the 
presence of dimethylaminoethyl methacrylate-methyl methacrylate or 
methacrylic acid-methyl acrylate copolymers, various drugs 0 Copoly- 
mers-anionic and cationic, controlled-release tablets, dissolution rate, 
various drugs 0 Dissolution rates-various drugs, tablets containing 
radiation-induced polymers of glass-forming monomers in the presence 
of cationic and anionic copolymers 


Recent studies reported enzyme immobilization by 
polymer entrapment (1-3). Controlled drug dissolution by 
polymer entrapment is attractive due to durable and 
moderately controlled pharmaceutical effects (4-6). 


Radiation-induced polymerization using glass-forming 
monomers (7) at  low temperatures for the preparation of 
polymer matrixes containing biofunctional substances 


:T In  vacuo 


2ol , . ,\ I,, . , , , . . 
1 o6 10' 


0 
-80' -40' OD +40° lo5  


TEMPERATURE DOSE, rads 


Figure I-Effect of irradiation conditions on native drug actiuity. Drug 
was dissolvPd in distilled water (pH 6.0) and put'into aglass ampul. The 
ampul was sealed undw a vacuum of mm Hg. Irradiation was 
carried out at I X lofi rads (R)lhr in vacuo. The natiue drug activity was 
taken ds IOOCL.  Key (drug concentration): 0,60 pg of potassium chlo- 
ridelml; 0 , 2 5  pg of salicylic acidlml; A ,  8 pg of sulfanilamidelml; 0, 
60 gg of aspirinlml; and 8 , 2 0  gg of colchicinelml. 


(8-10) such as enzymes, microbial cells, and drugs has been 
reported. Glass-forming monomers are a suitable en- 
trapping matrix because they supercool to highly viscous 
liquids or amorphous solid at low temperatures and be- 
cause they polymerize even a t  low temperatures. The 
polymer matrixes produced by this method were charac- 
teristic in porous structure due to crystallized solvent or 
crystallized water in the matrix at  low temperatures; this 
porous structure facilitates substrate or drug diffusion in 
and out of the matrix. 


However, controlled drug dissolution often requires 
dissolution of a drug in a solvent within a specific pH range. 
The entrapping method permits the mixing of various 
additives with drugs and polymer in the matrix. This paper 
describes drug dissolution from solid tablets prepared by 
radiation-induced polymerization in the presence of di- 
methylaminoethyl methacrylate-methyl methacrylate 
copolymer or methacrylic acid-methyl acrylate copolymer 
for controlled dissolution at  pH 3.0-8.0. 


EXPERIMENTAL 


Monomers-2-Hydroxyethyl methacrylate', hydroxyethyl acrylate', 
and glycidyl methacrylate' were used. 


Drugs-Aspirin*, sulfanilamideg, salicylic acid3, colchicineg, and po- 
tassium chloride4 were used. 


Copolymers-Copolymer5 of dimethylaminoethyl methacrylate- 
methyl methacrylate (cation-type copolymer) and copolymer6 of meth- 
acrylic acid-methyl acrylate (anion-type copolymer) were used. The 
cation-type copolymer was dissolved only in a medium corresponding 
to the gastric juice a t  pH <5.0; the anion-type copolymer was dissolved 
in a medium corresponding to the intestinal juice at pH >6.0. 


Porous Polymer-Drug Tablet  Preparation-Polymer tablets 
containing drugs were made as follows. Drug, 600 mg, was put in a flat- 
bottom glass ampul, 14 mm id. ,  and then 0.5 ml of the copolymers- 
glass-forming monomer mixture was added. Powdered copolymers, such 
as anion- and cation-type copolymers, completely dissolved a t  30-80' 
in glass-forming monomers such as 2-hydroxyethyl methacrylate, hy- 
droxyethyl acrylate, and glycidyl methacrylate. The ampul was sealed 
under a vacuum of mm Hg a t  -196O (liquid nitrogen) and was ir- 
radiated for 2 hr a t  5 X lo5 r adsh r  a t  -78' with y-rays from a 6oCo 
source. After irradiation, the polymer-drug matrix was obtained as a 
homogeneous tablet, 14 mm in diameter and 4 mm thick. 


Drug Dissolution from Tablets-The dissolution test was made with 
the dissolution apparatus7 a t  37' a t  a rate of 100 rpm according to USP 
XIX. The basket containing the tablet was immersed in 1000 ml of dis- 
solution medium a t  various pH values. A t  time intervals over 480 min, 
5 ml of the dissolution medium was sampled. The dissolved drug was 


Tokyo Kasei Kogyo Co., Ltd. Monomers were purified by distillation according 
to conventional methods. * Nipponkayaku Co. 


3 Kanto Chemical Co. 
Otsuka Pharmaceuticals Co. (-48-mesh powder). 
Eudragit E, Rohm Pharma GMBH. 
Eudragit L, RBhm Pharma GMBH. 
Model TR-SS, Toyama Sangyo. 
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Table I-Parameters fo r  Drug  Dissolution from Polymer Tablets, 14 mm in Diameter  and  4 mm Thick, i n  the  Presence of Anion-Type 
Copolymer 


Composition, wt. % 


Anion-Type k ,  
Sample Copolymer Monomer Drug (mol. wt.) w, 96 x 10-3 min-1 


1 - 100% Hydroxyethyl Aspirin (180.16) 31.2 0.89 


2 5 95% Hydroxyethyl Aspirin (180.16) 34.9 1.24 


3 10 90% Hydroxyethyl Aspirin (180.16) 39.3 1.99 


4 20 80% Hydroxyethyl Aspirin (180.16) 47.4 3.41 


5 10 90% Hydroxyethyl Aspirin (180.16) 57.9 7.26 


6 10 90% Zlycidyl Aspirin (180.16) 7.2 0.50 


7 10 90% Hydroxyethyl Potassium chloride (74.55) 37.6 4.31 


8 10 90% Hydroxyethyl Salicylic acid (138.12) 40.1 2.88 


9 10 90% Hydroxyethyl Sulfanilamide (172.21) 37.2 2.36 


methacrylate 


methacry late 


methacrylate 


methacrylate 


acr late 


methacry late 


methacry late 


methacry late 


methacrylate 


methacrylate 
10 10 90% Hydroxyethyl Colchicine (399.45) 38.6 1.00 


assayed spectrophotometricallf a t  460 nm by a mercury thiocyanate 
method for potassium chloride (ll), at 258 nm for sulfanilamide, a t  296 
nm for salicylic acid, a t  273 nm for aspirin, and a t  353 nm for colchi- 
cine. 


Measurement of Tablet Porosity-Polymer-drug matrix porosity 
was observed by scanning electron microscopy9. 


The polymer-drug matrix water content ( W )  was defined as: 


(Eq. 1) 


where W, and W, are the weights of water absorbed in the polymer and 
of dried polymer, respectively. 


ci 4.0 


9 3.0 
’b 


0 2.0 


I 


% 


s 


‘“0 120 240 360 480 
MINUTES 


1 .0! 
W11.U I Lil 


Figure 2-Semilogarithmic relationship between aCoI(aC0 - CI) and 
dissolution time for polymer tablets in the presence of an anion-type 
copolymer. Sample number refers to compositions in Table I .  The dis- 
solution medium was at pH 8.0. Key (tablet system and drug): 0,100% 
hydronyethyl methacrylate (aspirin); 0,9596 hydroryethyl methac- 
rylate-5% anion-type copolymer (aspirin); A, 90% hydroxyethyl 
methacrylate-lO% anion-type copolymer (aspirin); .,80% hydroxy- 
ethyl methacrylate-20% anion-type copolymer (aspirin); H, 90% hy- 
droxyethyl acrylate-10% anion-type copolymer (aspirin); A, 90% 
glycidyl methacrylate-10% anion-type copolymer (aspirin); (D,90% 
hydroxyethyl methacrylate-IO% anion-type copolymer (potassium 
chloride); m, 90% hydroxyethyl methacrylate-10% anion-type co- 
polymer (salicylic acid); A, 90% hydroxyethyl methacrylate-10% 
anion-type copolymer (sulfanilamide); and a, 90% hydroxyethyl 
methacrylate-10% anion-type copolymer (colchicine). 


* Shimazu double-beam spectrophotometer, model UV-200. 
Model JSM-03. Japan Electron Optics Laboratory Co. 


RESULTS A N D  DISCUSSION 


Effect of Irradiation on Drugs-It was necessary to know the irra- 
diation effect on drug activity before polymer tablet preparation. The 
relation between native drug relative activity and the irradiation condi- 
tions used in experimental tablet preparation is shown in Fig. 1. Under 
the present experimental temperature, energy, and irradiation duration, 
there was no detectable drug decomposition. Since drug radiation damage 
is enhanced in the presence of oxygen, the irradiation in a vacuum is 
desirable. 


D r u g  Dissolution-Time Curves of Tablets  i n  Presence of 
Anion-Type Copolymer-Potassium chloride, salicylic acid, sulfanil- 
amide, aspirin, or colchicine was entrapped in the polymer matrix by 
radiation-induced polymerization of a glass-forming monomer a t  low 
temperature in the presence of an anion-type copolymer. The dissolved 
drug in the dissolution medium a t  pH 8.0 was measured a t  certain time 
intervals. 


First-order drug dissolution kinetics were investigated using the 
Noyes-Whitney equation (12,13). The rate constant for dissolution ( k )  
and the drug concentration a t  time t were expressed as: 


ff co 
(aC0 - C1) 


kt = I n  (Eq. 2) 


where (Y represents V/Vo, V and Vo are the volumes of tablet per unit 
weight and medium used for dissolution, C1 is the drug concentration 
in the dissolution medium, CO is the initial drug concentration in the 
tablet, and k is the dissolution rate constant. 


The relation between t and aCo/(oCo - CI)  in tablets of various 
anion-type copolymer concentrations and various polymer matrixes and 
drug componenta is shown in Fig. 2. The dissolution rate constant ( k )  was 
calculated from the initial slope of linear graphs (Table I). 


240 400 0 
MtNUTES 


8 b 
Figure 3-Effects ofkind of copolymer [anion type (a) and cation type 
(b)] and dissolution medium pH [PH 3.0 (0) and 8.0 (A)] on aspirin 
dissolution from polyhydronyethyl methacrylate tablet. Tablet com- 
position was 90% hydroxyethyl methacrylate-10% copolymer. 
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Figure 4-Effect of dissolution medium pH (PH 3.0 (0) and 8.0 (A)] 
on aspirin dissolution from polyhydroxyethyl methacrylate tablet in 
the presence of polyethylene glycol 600. 


For Samples 1-4 (Fig. 2). aspirin dissolution from the tablet increased 
with anion-type copolymer concentration. This increase was attributed 
to anion-type copolymer dissolution in the tablet a t  pH 8.0, although the 
copolymer barely dissolved in 2- hydroxyethyl methacrylate monomer 
a t  concentrations ahove 30%. The results for Samples 3 ,5 ,  and 6 in Fig. 
2, showing aspirin dissolution from various polymer tablets, depended 
on the kind of glass-forming monomer or matrix. This dissolution was 
related to the hydrophilic property of the matrix, which is indicated in 
Table I in relation to the polymer matrix water content ( W ) .  


Drug dissolution from tablets in the presence of a IO%anion-type co- 
polymer is shown for Samples 3 and 7-10 in Fig. 2. Dissolution decreased 
in the order potassium chloride, salicylic acid, sulfanilamide, aspirin, and 
colchicine, perhaps due to differences in drug molecular weights (Table 


a b 


C d 
Figure 5-Scanning electron microphotographs of porous structure 
of polyhydroxyethyl methacrylate tablets containing aspirin in the 
presence of various odditiues. The specimens were dried for 4 days at 
room temperature in vacuo mm Hg) and then fractured at room 
trmpwature. The fractured surface was coated by gold in a vacuum 
euaporator. Key: a, tablet in the presence of 10% anion-type copolymer 
before treatment with dissolution medium; b, tablet in the presence of 
10% anion-type copolymer after treatment with dissolution medium 
at pH 8.0; c, tablet in the presence of 10% cation-type copolymer after 
treatment with dissolution medium at pH 3.0; and d,  tablet in the 
prmence of 10% polyethyleneglycol 600after treatment with dissolu- 
tion medium at pH 3.0. 


I). The larger the molecular weight of the trapped substances, the smaller 
was the dissolution rate from the matrix. 


The intersections of the straight lines and the axis of the ordinates show 
values higher than unity (Fig. 2). This deviation was probably due to the 
rapid dissolution of drugs and anion- or cation-type copolymers trapped 
on the matrix surface by polymer swelling. 


Effect of Medium pH on Aspirin Dissolution from Polyhydrox- 
ycthyl Methacrylate Tablet-The anion-type copolymer dissolved in 
the medium only a t  pH >6.0, while the cation-type copolymer dissolved 
only a t  pH G . 0 .  Aspirin dissolution from tablets containing various co- 
polymers was investigated for dissolution media at various pH values (14, 
15) (Fig. 3). The dissolution rate a t  pH 8.0 was larger than that a t  pH 3.0 
for anion-type copolymer tablets, while the pH dependency of dissolution 
in the presence of the cation-type copolymer was the opposite to that in 
the presence of the anion-type copolymer. Therefore, dissolution of the 
formulation was markedly influenced by pH in the presence of a co- 
polymer. 


Aspirin dissolution from a porous polyhydroxyethyl methacrylate 
tablet prepared with polyethylene glycol 600 instead of with a copolymer 
also was investigated. Dissolution of the formulation was hardly in- 
fluenced by dissolution medium pH (Fig. 4). 


Porous Structure-Polymer tablet structure was observed hy scan- 
ning electron microscopy after complete removal of additives such as 
aspirin, polyethylene glycol 600, and copolymers (Fig. 5).  Since the porous 
structure is hardly observable in Fig. 5a, it must have been a consequence 
of the dissolution of copolymers or polyethylene glycol 600. The porous 
polymer matrix obtained in the presence of a copolymer is shown in Figs. 
56 and 5c, and the porous polymer matrix obtained in the presence of 
polyethylene glycol 600 is shown in Fig. 5d. The porous structures in Figs. 
5b and 5c are quite similar but are different from the structure in Fig. 
5d. The reason may be the difference in dispersion form of those additives 
(copolymer and polyethylene glycol 600) in hydroxyethyl methacrylate 
monomer before polymerization. That  is, the anion- or cation-type co- 
polymer may be dispersed in the monomer in the fibrous molecular form, 
and the pore structure forms in the polymer after polymerization as 
shown in Figs. 5b and 5c. On the other hand, polyethylene glycol 600 may 
be dispersed in the monomer in the spherical form owing to its crystal- 
lization a t  low temperatures, and then the pore structure in Fig. 5d forms. 
Consequently, porous structure in the tablets can be controlled by varying 
the kinds of additives and their concentrations. 
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Compound Vg reduced the number of T. canis larvae in the brains of 
mice experimentally infected with visceral larva migrans. 
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Abstract The Weibd distribution function was applied to solid-state 
enzyme inactivation. On Weibull probability paper (within a narrow 
range), the plots of the accumulated inactivation ratio of each enzyme 
uersus time regressed to a straight line. The parameters m and k,  which 
correspond to the type and rate of the inactivation, were characteristic 
of each enzyme. The effect of temperature and parameter reproducibility 
are discussed. 


Keyphrmea Weibull distribution function-application solid-state 
enzyme inactivation studies 0 Enzyme kinetics-applicationof Weibull 
distribution to inactivation studies 0 Enzyme inactivation-kinetics, 
application of Weibull distribution to solid-state studies 


Stability is important for drug quality assurance, and 
reports on drug stability in solid dosage forms have been 
published (1, 2). The essential requirement in stability 
studies is the selection of rate equations, which have been 
determined in practical systems by trial and error. 


Some investigations using enzymes in the solid state 
failed because there was an inherent difficulty in fitting 
common rate equations to experimental data. Enzyme 
stability is complicated and is readily affected by factors 
such as temperature, humidity, and coexisting sub- 
stances. 


This paper1 describes application of the Weibull dis- 
tribution function to solid-state enzyme inactivation. The 
Weibull distribution originally was applied to stability 
predictions of other solid drugs (3,4). 


THEORETICAL 


Efforts have been made to interpret the shelflife of enzymes in solids 


This paper is Part CLVII of “Studies on Enzymes” by M. Sugiura. 
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and solutions and to describe mathematically the inactivation profile with 
meaningful parameters. Although equations possibly could be derived 
from empirical treatment of the process, eg., pseudo-first-order kinetics, 
no suitable function has been found. Therefore, shelflives rarely have 
been mentioned in solid-state enzyme inactivation studies. 


A general function, applicable to all inactivation curves, was derived 
by Weibull(5) and discussed in detail (6-8). A concise survey also was 
reported (9). When applied to enzyme inactivation rate data in the solid 
state, the Weibull distribution expresses the accumulated inactivation 
ratio, a, of the enzyme activity a t  time, t ,  by: 


a = 1 - exp[-(t)m/k] (Eq. 1) 


where the scale parameter, k, defines the time scale of the process and 
the shape parameter, m, characterizes the curve as an exponential 
function. The relationship between m and curve shape was discussed 
previously (8,9). 


Graphical representation of the data according to the Weibull distri- 
bution and the practical aspects of linearizing experimental data were 
reported (6.7). Equation 1 may be rearranged 


In In (1/1- a) = Ink + m In t (Eq. 2) 


From Eq. 2, a linear relation is obtained from a In In plot of In (1/1- a) 
uersus t .  The shape parameter, m, is obtained from the slope, and k is 
obtained from the ordinate value a t  t = 1. 


The theoretical correlation between Eq. 2 and chemical kinetics was 
discussed in detail (4). The equation expressing chemical kinetics varies 
according to the inactivation mechanism. However, within a narrow 
range, it is possible to express them by: 


where K is the rate constant, a is the initial enzyme activity, and Pi is the 
parameter independent of time, t. The integrated form of Eq. 3 is: 


f(a, a, Pi) = K t  (Eq, 4) 
Equations 2 and 4 can be correlated by assuming that logarithms of 


(Eq. 5) 


(Eq. 6) 


Eq. 4 are expressed approximately as a linear function of Eq. 2: 


In f (a ,  a, Pi) = In K + In t = A0 + A1 In In (1/1 - a) 
In In (1/1 - a) + l/A1 (In K - Ao) + 1/Al In t 
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Table I-Regression Line Parameters on Weibull Probability Paper for Lipase and Amylase Inactivation at Various Temperatures 


Enzvme 
Water, 


% Parameter 
Temperature 


60' 55' 50° 450 40' 


Lipase 
Aspergillus 7.8 


Rhizopus 8.5 


Candida 7.3 


Pancreatic 7.9 


Aspergillus 8.6 


Diastase 7.8 


Pancreatic 7.6 


Amylase 


m - 0.82 0.90 0.91 0.93 
Ink - -2.74 -3.53 -4.28 -5.13 
m 4.55 4.73 4.20 4.52 - 
Ink - 10.74 -13.28 -15.56 -20.15 - 
m - 2.12 1.40 1.43 1.44 
In k - -5.60 -4.97 -6.00 -6.60 
m - 0.68 0.50 0.52 0.52 
Ink - -1.69 -2.12 -2.78 -3.47 


m 
ln k 
m 
Ink 
m 
In k 


- 1.45 1.49 1.57 1.55 
- -3.90 -5.20 -6.67 -7.67 
- 1.69 2.18 2.17 2.21 
- -4.90 -7.96 -8.93 -10.68 
- 0.90 0.79 0.83 1.30 
- -0.96 -2.50 -4.21 -8.70 


Table 11-Reproducibility of the Parameters k and m 


Number of Parameter 
Water, Tempera- Experi- (Urn) 


Enzyme Yo ture ments m Ink Xlnk  


Aspergillus 4.9 50' 1 0.79 -3.90 -4.91 
lipase 2 0.85 -4.09 -4.81 


3 0.68 -3.53 -5.10 
4 0.85 -4.10 -4.82 


Aspergillus 11.2 40' 1 1.03 -4.52 -4.39 
lipase 2 1.05 -4.60 -4.38 


3 1.08 -4.48 -4.15 
Pancreatic 10.1 50' 1 0.50 -2.25 -4.50 


lipase 2 0.50 -2.05 -4.10 
3 0.50 -2.12 -4.24 


From Eqs. 2 and 6, the relationship between the constants determined 
on Weibull probability paper and the relationship determined by 
chemical kinetics are: 


In k = 1/A1 (In K - Ao) (Eq. 7 a )  


m = 1/Al (Eq. 7 6 )  


Therefore, from Eq. 76,  m corresponds to the shape of /(a, a, Pi), i.e., the 
reaction mechanism, and k lIrn is proportional to the reaction rate con- 
stant. Therefore, the selection of rate equations becomes unnecessary. 


EXPERIMENTAL 


Enzymes-The enzymes were microbial lipases from Aspergillus 
genus2, Rhizopus sp. NR 4003, and Candida cylindracea nov. SP.~; mi- 
crobial a-amylase from Aspergillus oryzae5; pancreatin from porcine 
pancreas6; and diastase from malt7. 


In t 
0 1 2 3 4 


1 


I I 
1 2 4 6 810 20 40 6 0 8 0  


DAYS AFTER ONSET, t 
Figure 1-Regression line on Weibull probability paper /or lipase in- 
activation at various temperatures. Key: 4, pancreatic lipase (water 
content 7.9%); and 0, Rhizopus lipase (water content 8.5%). 


2 Lipase AP, Amano Pharmaceutical Co., Nagoya, Japan. 
3 Lipase Saiken, Osaka Saiken Co., Osaka, Japan. 
4 Lipase MY, Meito Sangyo Co., Nagoya, Ja an. 
6 Biodiastase 1O00, Amano Pharmaceutical EO., Nagoya, Japan. 
6 Pancreatin, Amano Pharmaceutical Co., Nagoya, Japan. 


Diastase, Toyo Jozo Co., Shizuoka, Japan. 


Stability Test-All enzymes were tested initially by placing the ac- 
curately weighed lyophilizates in open ampuls in a humidity chamber 
for 1 week. At  the end of the equilibrium period, the samples were 
weighed, and the weight gain was noted. Moisture pickup was expressed 
as the percent weight gain, The humidity chambers, which were glass 
desiccators, were kept a t  -25'. Constant humidities were obtained by 
placing appropriate saturated salt solutions in the bottoms of the desic- 
cators. 


After the ampuls were sealed, each enzyme was placed in thermostated 
water baths a t  40,45,50,55, and 60°. Samples were removed at appro- 
priate periods, and the remaining activity was determined. 


Enzyme Activity Assay-The activities of lipases and a-amylases 
were determined according to a reported procedure (10, 11). The re- 
maining activity was expressed as a ratio relative to that of the enzyme 
stored in a refrigerator. 


RESULTS AND DISCUSSION 


The inactivation behavior of pancreatic lipase and Rhizopus lipase 
at  various temperatures is shown in Fig. 1; the accumulated inactivation 
ratios were plotted versus time according to the linearized form of Eq. 
2. Within a narrow range (inactivation ratio 5-30%), the inactivation data 
plots yielded a straight regression line. The Weibull distribution function 
distorted the original scale of the observation greatly; in particular, de- 
viations occurring in the lower and the upper tail were overemphasized 
compared to those in the middle of the plot. 


The same stress test was carried out with lipase and a-amylase samples. 
The inactivation ratio plot of each enzyme also regressed to a straight 
line, which confirmed that enzyme inactivation could be followed by the 
Weibull distribution function. The parameters m and k were determined 
by a graphic calculation (Table I). Table I shows the specific parameters 
that characterize the inactivation profile for each enzyme. Temperatures 
of <55-60° had no influence on the parameters, which indicated that the 
stress test could be applied to solid enzyme inactivation studies during 
preservation. 


The finding that most of the m values for each enzyme differed from 
those of common rate equations, estimated at  -1.0 (4), confirmed an 
inherent difficulty in fitting other common rate equations to experimental 
data and thereby interpreting enzyme stabilities. 


Table I1 shows the reproducibility of the parameters with pancreatic 
lipase and Rhizopus lipase as a model. Table I1 shows that the resultant 
parameter variation was satisfactorily small. Therefore, the Weibull 
distribution is applicable to solid-state enzyme inactivation studies in 
practical fields. 


Enzyme inactivation in aqueous systems has been studied extensively 
with regard to protein structures and biochemical functions (12-14). The 
present study was confined to application of the Weibull distribution 
function to solid-state enzyme inactivation. Enzyme inactivation in the 
solid state could be described by a straight regression line in terms of 
meaningful parameters. The excellent parameter reproducibility and 
the absence of temperature influence ensure that this function will be 
useful in further work involving the quantitative prediction of solid-state 
enzyme stabilities. 
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C. B. NYATHI*, V. S. GUPTA*, and J. R. DIMMOCK*x 
Received March 2, 1979, from the *Department of Physiological Sciences, Western College of Veterinary Medicine, and the $College of 
Pharmacy, University of Saskatchewan, Saskatoon, Saskatchewan, Canada, S7N OWO. Accepted for publication May 11,1979. 


Abstract 0 Several Mannich bases derived from conjugated styryl ke- 
tones were shown to have potent cytotoxicity toward murine leukemia 
L-1210 cells and Walker 256 carcinosarcoma cells in culture. The most 
cytotoxic derivative, (E)-l-(3,4-dichlorophenyl)-4-dimethylami- 
nomethyl- 1-nonen-3-one hydrochloride, profoundly inhibited the in- 
corporation of tritiated leucine into protein(s) and tritiated deoxythy- 
midine into DNA at concentrations of 0.79-1.32 pM in L-1210 cells. At  
higher concentrations, incorporation of tritiated uridine into RNA and 
tritiated deoxyuridine into DNA was inhibited to a lesser degree. This 
compound failed to inhibit the enzymes thymidylate synthetase or 
dihydrofolate reductase up to a concentration of lo-‘ M and was inef- 
fective in retarding the growth of the Walker 256 carcinosarcoma in 
rats. 


Keyphrases 0 Mannich bases-derived from conjugated styryl ketones, 
cytotoxicity, murine leukemia L-1210 and Walker 256 carcinosarcoma 
cells, in uitro and in uiuo 0 Antineoplastic agents, potential-Mannich 
bases derived from conjugated styryl ketones, cytotoxicity, murine leu- 
kemia L-1210 and Walker 256 carcinosarcoma cells, in oitro and in oiuo 


1-(3,4-Dichlorophen#4-dimethylaminomethyl-l-nonen-3-one hy- 
drochloride-cytotoxicity against murine leukemia L-1210 and Walker 
256 carcinosarcoma cells, in oitro and in oioo 


Several Mannich bases derived from acyclic a,P-un- 
saturated ketones (I) have shown antitumor and cytotoxic 
activities (1-3). Previous studies showed a correlation 
between cytotoxicity and murine toxicity with mitochon- 
drial function disturbance (4). With the representative 
Mannich bases IIb-IIe, competition with coenzyme &lo 
occurred (5).  The purpose of this study was to discover 
whether these Mannich bases act a t  sites other than mi- 
tochondria or whether the biological activity observed is 
due solely to the effect on mitochondria. 


Since series I compounds may be regarded as biological 
alkylating agents, a class of compounds known to interfere 
with the syntheses of DNA and RNA (6-8) as well as pro- 
tein (9, lo), the effect on the syntheses of these biological 
macromolecules is reported. 


RESULTS A N D  DISCUSSION 


Earlier work from these laboratories, which showed that the established 
biological alkylating agents chlorambucil and cyclophosphamide in- 


I1 
IIa: R, = R, = R, = H  
IIb: R, = R, = H, R, = (CH,),CH, 
I I c :  R,  = 2421, R, = 4-C1, R, = (CH,),CH, 
IId: R, = 24.3, R, = 6-C1, R, = (CH,),CH, 
IIe: R, = 3431, R, = 4421, R, = (CH,),CH, 


hibited DNA synthesis, employed murine leukemia L-1210 and Walker 
ascites carcinoma 256 cells (11,12). The first consideration in the present 
study was to establish whether representative compounds in Series I were 
cytotoxic to these two cell lines. Since IIa-IIe had previously demon- 
strated activity in the KB screen (4,5), an in oitro screen using human 
epidermoid carcinoma of the nasopharynx in Eagle’s medium, these 
compounds were examined for cytotoxicity against the L-1210 and 
Walker 256 cells. Both tumors showed essentially the same sensitivity 
to IIa-IIe with IDSO values (inhibitory doses for 50% reduction in cell 
numbers) in the range of 3.44-3.96 pM.  The most potent compound 
against L-1210 cells was IIe, with an ID60 of 3.46 pM (Fig. 1). This com- 
pound was used in subsequent studies. 


Some reactions involved in the DNA, RNA, and protein syntheses are 
summarized in Scheme I. During the exponential growth phase, cells 
preferentially utilize deoxyuridine for the de nooo synthesis of deox- 
ythymidine monophosphate (13). This reaction is catalyzed by thymi- 
dylate synthetase. An alternative route for deoxythymidine monophos- 
phate synthesis is by direct phosphorylation of deoxythymidine. Deox- 
ythymidine monophosphate, after conversion to its corresponding tri- 
phosphate, is utilized for DNA synthesis (13). Thus, the effect of com- 
pounds on DNA synthesis can be monitored by studying the incorpora- 
tion of either tritiated deoxythymidine or tritiated deoxyuridine. 


Similarly, the effects of biologically active compounds on RNA syn- 
thesis can be investigated by studying their effects on the incorporation 
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tuations in solvent strength can cause shifting of peaks and 
changes in peak height ratios. Resolution of theophylline 
and /3-hydroxytheophylline can be optimized for each 
column by adjustments in the methanol concentration 
of *2%. 


(1) H. D. Thompson, H. T. Nagasawa, and J .  W. Jenne, J .  Lab. Clin. 


(2) J. J .  Orcutt, P. P. Kozak,Jr., S. A. Gillman, and L. H. Cummins, 


(3) R. F. Adams, F. L. Vandemark, and G. J. Schmidt, ibid., 22,1903 


( 4 )  L. C. Franconi, G. L. Hawk, B. J. Sandmann, and W. G. Haney, 


(5) S. J. Soldin and J .  G.  Hill, Clin. Riochem., 10,74 (1977). 
( 6 )  A. Schack and S. H. Waxler, J. Pharmacol. Exp. Ther., 97,283. 


(7)  P. Jatlow, Clin. Chem., 21,1518 (1975). 
(8) C. A. Rohinson, Jr., and J. Dobbs, ibid., 24,2208 (1978). 
(9) R. C. Kelly, D. E. Prentice, and G. M. Hearne, ibid., 24, 838 


Med., 84,584 (1974). 


(‘[in. Chem., 23,599 (1977). 


(1976). 


Anal .  Chem., 48,372 (1976). 


(1949). 


I 1978). ~ - -  - I  


(10) C. A. Rohinson, Jr., B. Mitchell, J. Vasiliades, and A. Siegal, ibid., 
24, 1847 (1978). 


(11) J. W. Nelson, A. L. Cordry, C. G. Aron, and R. A. Bartell, ibid., 
23, 124 (1977). 


Joy R. Miksic 
Benjamin Hodes 
School of Pharmacy 
Duquesne University 
t’ittshrgh. PA 15219 


Received May 23, 1979. 
Accepted for publication June 26, 1979. 
Supported by the Pittsburgh Foundation, the Fisher Charitable Trust, 


the Hunkele Foundation, the James McCandles Charities, and the 
Hrookes Educational Fund. 


We acknowledge the assistance ot’ E. Petzold, The Upjohn Co., Kala- 
mazoo, Mich. 


6,G’-Azopurine, a Poten t  In Vitro 
Inhibitor of Rabbit Liver Aldehyde Oxidase 


Keyphrases G,fi’-Azopurine-inhibition of rabbit liver aldehyde ox- 
idase, in uitro, prevention of azathioprine cytotoxicity IY Enzyme in- 
hibitors - &6’-azopurine, inhibition of ratihit liver aldehyde oxidase, in 
c’rlro, prevention o f  azathioprine cytotoxicity 0 Azathioprine-pre- 
vent ion of cytotoxicity by 6,6’-azopurine 


To the Editor: 


Hepatic aldehyde oxidase (a1dehyde:oxygen oxidore- 
ductase, EC 1.2.3.1) oxidizes many purines a t  the CS-po- 
sition (1-3) and has been implicated in the metabolism of 
azathioprine (3), methotrexate and its dialkyl and dichloro 
derivatives (4), formycin I3 (5,6), cyclophosphamide, and 
the N-alkylphenothiazines (7,8). Inhibitors of aldehyde 
oxidase and xanthine oxidase, either endogenous or 
therapeutically administered, may change the conversion 
rate of azathioprine into active and inactive metabolites. 
This factor becomes significant for the development of 
treatment schedules for the most favorable balance be- 
tween therapeutic effect and drug toxicity. 


We wish to report the finding of such an inhibitor. 
During investigations of oxoazopurine pharmacology (9, 
lo), we observed that 6,6’-azopurine disodium salt (I) was 
a potent inhibitor of rabbit liver aldehyde oxidase and also 


Table I-Identification of the Product of Enzymic Oxidation of 
6,6’-Azopurine Disodium Salt (I) by Rabbit Liver Aldehyde 
Oxidase 


R, Values” 
Chemically Enzymatically 


Solvent System Synthesized I1 Synthesized I1 I 


Ethanol-pyridine- 0.17 0.16 0.26 


n-Propanol-ammonia 0.36 0.37 0.59 


Ethanol-0.5 M 0.09 0.09 0.4 


water (67:20:13) 


(concentrated)- 
water (6030:lO) 


ammonium acetate 
( 5 2 )  


Chromatographic analyses were carried out using Whatman chromatography 
grade 1 paper. Results shown are averages of triplicate determinations. 


acted as a substrate for this enzyme. The  oxidation of I by 
the enzyme resulted in the formation of a known potent 
xanthine oxidase inhibitor, 8,8’-dioxo-6,6‘-azopurine (11) 
(9). 


A modified literature method (1) was used to obtain a 
partially purified aldehyde oxidase preparation from 
rabbit liver homogenates containing 5.04 mg of protein/ml. 
I t  was assayed using a spectrophotometric method based 
on measuring the rate of N1-methylnicotinamide chloride 
oxidation at 300 nm (1,6). The  conversion of N’-methyl- 
nicotinamide chloride to  its 2-pyrone was measured by 
monitoring the increase in absorbance a t  300 nm upon 
addition of the enzyme a t  ambient temperature to reaction 
mixtures containing, in 3 ml: substrate (0.5, 1,2.5,5, or 10 
rnM), desired concentration of I ranging from 2.6 to 13 pM 
in 5 mM pH 7.8 potassium phosphate buffer, and 0.005% 
edetic acid. The double-reciprocal plot (Fig. 1) of the in- 
hibition of rabbit liver aldehyde oxidase showed that I was 
a competitive inhibitor of this enzyme with a k, of 3.3 X 


M. The  k, for N1-methylnicotinamide chloride was 
318 pM. 


For the enzymatic synthesis of I1 from I, the following 
procedure was used. Compound I, 2.5 mg, was dissolved 
in 10 ml of water to  obtain a clear yellow solution. To this 
solution were added 7.5 ml of 0.05 M potassium phosphate 
buffer containing 0.005% edetic acid a t  pH 7.8 and 2.5 ml 
of aldehyde oxidase suspension (5.04 mg of protein/ml). 
A control reaction was carried out using the same reactants 
except that  2.5 ml of the buffer was added in the last step 
instead of the aldehyde oxidase suspension. Both reaction 
mixtures were incubated a t  room temperature for 15 
min. 


A t  the end of 15 min, both solutions were brought to a 
50% ammonium sulfate saturation by adding 313 g of solid 


. M-‘ X lo-* 
1 


[“-METHY LNlCOTlNAM IDE CH LOR ID€]  


Figure I-Double-reciprocal plots of thc. i n  vitro inhib i t ion  of rnbhit 
/ i w r  aldehyde oxidase by fi,h”-azopurinr disodium salt  ( I ,  No A P  ). 
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ammonium sulfatehiter of the reaction mixture. The so- 
lutions were centrifuged at  8000 rpm for 20 min at 4’. A 
brown precipitate was obtained from the reaction mixture 
with the enzyme suspension, while a yellow precipitate was 
obtained from the control reaction mixture. Both precip- 
itates were dissolved in 25 ml of water separately, and 2.0 
ml of 5 N HC1 was added to each solution. These solutions 
were centrifuged a t  8000 rpm for 20 min at  4 O ,  and the 
precipitates were treated according to the same procedure 
again. 


A t  the end, a bright-orange precipitate was obtained 
from the reaction mixture containing the enzyme sus- 
pension, while a yellow precipitate was obtained from the 
control reaction. The orange precipitate was identified as 
8,8’-dioxo-6,6’-azopurine by comparing the Rf values in 
three different solvent systems (Table I)  and the UV 
characteristics with authentic samples of 11. The yellow 
precipitate was identified as I. Compound I was unchanged 
under the same conditions even after 6 hr in the absence 
of enzyme. 


Compound I is the first example of a purine dimer that 
can react with rabbit liver aldehyde oxidase. This finding 
is significant because it has been suggested that controlled 
inhibition of aldehyde oxidase will reduce the cytotoxic 
effects of the immunosuppressive agent azathioprine and 
modify its chemotherapeutic effects in order to develop 
more effective treatment schedules (3). Compound I can 
be considered as a sequential inhibitor of two enzymes 
involved in azathioprine metabolism. It should inhibit 
aldehyde oxidase and be converted to 11, which is a potent 
inhibitor of another enzyme in the metabolic pathway, 
xanthine oxidase. Thus, investigation of the inhibition of 
mammalian aldehyde oxidase by I may provide such an 
agent. 


Because of the significance of aldehyde oxidase in the 
metabolism of various biologically active N-heterocyclic 
compounds, I can be used in the investigation of the 
mechanism of the action of these compounds. 
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Effect of Altered Plasma Protein Binding on 
Apparent Volume of Distribution 


Keyphrases Volume of distribution-effect of altered plasma protein 
binding, pharmacokinetics 0 Drug binding-plasma, volume of distri- 
bution, effect of altered plasma protein binding Plasma protein 
binding-effect of alterations on apparent drug volume of distribution 
0 Models, pharmacokinetic-apparent volume of distribution, effect 
of altered plasma protein binding 


To the Editor: 
Changes in the apparent volume of distribution occur 


with age, disease, and displacement (drug interaction) and 
in the presence of saturable binding. Relationships have 
been developed (1-6) to explain these changes based on 
alterations in plasma and/or tissue binding. Our discussion 
is restricted to measurement of drug concentrations in 
plasma. Gillette (1) showed that the volume of distribution, 
V, can be expressed by: 


V = a ( V / + X V T ) t ( 1 - a ) V ,  (Eq. 1) 


where a is the fraction unbound in plasma, Vf  is the vol- 
ume into which the unbound drug is distributed, X is the 
ratio of tissue drug concentration to unbound plasma drug 
concentration, VT is the tissue volume, and V, is the ap- 
parent volume of distribution of the plasma protein to 
which the drug binds. A simplified relationship, based on 
the physiological concepts of Gillette (1,4-6), was proposed 
( 2 , 3 )  as follows: 


where V p  is the plasma volume, VT is the volume outside 
plasma into which the drug distributes, and a and (YT are 
the fractions unbound in these two compartments. 


The relationship of Eq. ‘2 does not take into account that 
plasma proteins are distributed throughout the extracel- 
lular fluids. When the binding to proteins in plasma is al- 
tered, similar changes are expected in the binding to these 
proteins located in other extracellular fluids. Furthermore, 
this relationship cannot distinguish between binding to 
these proteins and binding elsewhere in the body. This 
distinction is important for anticipating changes in the 
volume of distribution on altering drug binding and the 
converse. 


The following derivation provides a method for making 
this distinction. From mass balance considerations: 


(Eq. 3) A = A p  + Ag + A H  


where: 


A = total amount of drug in the body 
A p  = total amount of drug in plasma 
AE = total amount of drug in the extracellular fluid 


outside plasma 
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Abstract  0 Diastereomeric urethane derivatives of atropine (d,l-hyo- 
scyamine) and l-hyoscyamine were prepared by reacting the alkaloids 
with (-)-1-phenylethylisocyanate. The derivatives, as the picrate ion- 
pairs, were characterized by their melting points, optical rotations, ele- 
mental analyses, and IR, NMR, and UV-visible spectra. 


Keyphrases o Diastereomers-atropine and I-hyoscyamine urethane 
derivatives, chemical synthesis o Atropine-derivatives, urethane dia- 
stereomers, chemical synthesis Hyoscyamine-derivatives, urethane 
diastereomers, chemical synthesis 


In an investigation designed to develop a procedure for 
the quantitation of d -hyoscyamine and I - hyoscyamine at 
therapeutic levels in finished drug dosage forms, a method 
for the preparation and isolation of stable diastereomeric 
urethane picrate derivatives was found. The derivatives 
were prepared by reacting the chiral isocyanate reagent 
(-)-1-phenylethylisocyanate with l-hyoscyamine and at- 
ropine (d,l-hyoscyamine). 


The preparation of suitable alcohol derivatives generally 
is based on ester formation by reactions with acid chlorides 
or acid anhydrides (1-3) or on urethane formation by re- 
action with isocyanates (4-6). Little use of optically active 
isocyanates for the racemic mixture resolution has been 
reported in the literature. The reaction of (-bmenthyli- 
socyanate with alcohols (71, the use of (-)-menthyliso- 
cyanate to prepare derivatives with tert -butyl alcohol, 
lactic acid, and amino acids (8), and the reaction of 
a-phenylethylisocyanates with amines, alcohols, and 
Grignard reagents (9) have been studied. Optical activity 
was retained during these reactions, and the respective 
derivatives possessed a larger optical rotation than the 
reagent itself. 


Other investigators (10) reported that (-)-1-phen- 
ylethylisocyanate does not polymerize and can be stored 
for long periods, neat or in solution, without a change in 
the optical rotation value. GLC has been used (11) for the 
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PARTS PER MILLION, 6 


Figure 3-Expansion of Fig. I ,  3.8-5.2-ppm region. 


I L- L- .J  


9.0 8.0 6.0 5.0 4.0 3.0 2.0 1.0 0 
PARTS PER MILLION, 6 


Figure 1-NMR spectrum of I in deuterochloroform with 0.1 7; tetra- 
methylsilane as reference (frequency, 99.539 MHz;.single pulse width, 
4 psec; repetition, 5 SPC; data points, 8 k ;  number of scans, 1 O c ) l ) .  


separation of diastereomers of (R)-(+)-1-phenylethylur- 
ethanes of secondary alcohols. 


EXPERIMENTAL 


Apparatus-The reaction apparatus was assembled from stock items 
with 24/40 joints: round-bottom flask, 150 ml, three neck; dropping 
funnel, 25 ml; reflux condenser, water jacketed; glass inlet tubing with 
stopcock for nitrogen introduction; heating mantle with rheostat; and 
rotary vacuum evaporator with dry ice-acetone cold trap and high vac- 
uum pump. NMR spectrometers for operation a t  60 MHz' and 100 MHz2 
were used. Tetramethylsilane in deuterochloroform was the internal 
reference for chemical shift measurements. 


Reagents-Benzene was analytical reagent grade, thiophene free, 
dried by refluxing over sodium, and distilled just prior to use. The ether" 
was anhydrous grade, and all other reagents were analytical reagent grade. 
The nitrogen gas was highly purified, anhydrous grade. 1 -Hyoscyamine 
and atropine4 were dried in a vacuum desiccator over silica gel. (-)-l-  
Phenylethylisocyanate", 97% purity, was received in a sealed ampul and 
maintained under a nitrogen atmosphere after opening. 


Procedure-The glass reaction apparatus was assembled with the 


4 


I - L - L I . I -  - I . - - L -  
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 


PARTS PER MILLION, 6 


Figure 2-NMR spectrum of II in deuterochloroform with 0.1% tet- 
ramethylsilanc as reference. For instrument parameters, see Fig. 1. 


1 Varian T-60, Varian Instrument, Palo Alto. Calif. 
2 deol Ft-100 (Fourier translormation), Jeol Analytical Instruments, Cranford, 


3 Fisher Scientific Co., Fair Lawn, N.J. 
4 Sigma Chemical Co.. St. Louis, Mo. 


'I'ridorn Chemical, Hauppauge. N.Y. 


N.J. 


water condenser in place. The reaction flask was flame dried while the 
system was purged with nitrogen, and the system was allowed to cool to 
room temperature while a nitrogen atmosphere was maintained. 


T o  assure anhydrous conditions, the alkaloids (300 mg) were dissolved 
in 10 ml of benzene in a 50-ml glass stoppered flask, followed by the ad- 
dition of 2 g of anhydrous magnesium sulfate. This preparation was al- 
lowed to stand 2 hr with intermittent stirring and was transferred to the 
dried reaction flask after filtering. 


While a nitrogen atmosphere was maintained, ROO pl of (-)-1-phen- 
ylethylisocyanate reagent was added to give a 2: 1 molar ratio of reagent 
to alkaloid. The heating mantle temperature was slowly adjusted to bring 
the solution to a gentle boil with stirring by a small magnetic stirring bar. 
After refluxing 2 hr under nitrogen, the reaction flask (intact system) was 
lowered into a water bath maintained a t  5". The water condenser was 
removed, and the dropping funnel containing picric acid solution was 
attached to the system. (The picric acid solution was prepared by dis- 
solving 500 mg of picric acid in 10 ml of benzene; 5 g of anhydrous mag- 
nesium sulfate was added and, after standing for 48 hr, the solution was 
filtered into the dropping funnel.) 


The picric acid solution was added dropwise, with stirring, over a 
25-min period to the reaction flask maintained at  5'. Ten milliliters of 
dry benzene was used to wash the dropping funnel and to assure the 
quantitative addition of the picric acid solution. 


All connections were removed from the reaction flask, and the flask 
was attached to a vacuum rotary evaporator. Glass stoppers (24/4O joint) 
were used to close the other openings. 


The flask was rotated in a water bath a t  25". and the solvent was re- 
moved by reduced pressure. The unreacted reagent was removed by 
maintaining a vacuum ( < I  mm Hg) for 4 hr a t  2 5 O  after the solvent was 
removed. 


The residue was dissolved in 5 ml of methylene chloride and transferred 
dropwise to a flask containing 300 ml of ether. Crystals formed on cooling 
the solution to -19". The solution was allowed to stand for 24 hr hefore 
filtering. Crystallization from ether was repeated prior to the charac- 
terization studies. 


RESULTS AND DISCUSSION 


The initial investigation for the preparation of diastereomeric deriv- 
atives involved the formation of esters by the reaction ot' the alkaloids 
individually with both camphor-d-sulfonyl chloride and tu-methoxy- 
tr-trifluoromethylphenyl acid chloride (Mosher's acid chloride) in pyri- 


I I---- 
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Figure I---Expansion of Fig. 2, 3.8-5.2-ppm rc>gion. 
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dine at 10’. The acid produced during the reaction formed salts with the 
derivatives. However, since these salts could not be induced to crystallize, 
isolation of the free amine derivatives was attempted. Unfortunately, this 
attempt was unsuccessful because partial elimination occurred to give 
apoatropine, which was identified by comparison of the NMR spectrum 
with a published spectrum (12). 


Since the alkaloid reaction with an isocyanate would give the free amine 
derivatives directly, derivatization with a chiral isocyanate reagent was 
investigated next. The (-)-1-phenylethylurethane derivatives of 1- 
hyoscyamine and atropine were prepared by reacting the alkaloids with 
(-)-1-phenylethylisocyanate in benzene. Both the free amine (-)-1- 
phenylethylurethane derivative and the corresponding hydrochlorides 
were oils a t  room temperature. T o  aid in characterization of these de- 
rivatives, a stable crystalline solid was needed. Picrate derivatives of 
tropane alkaloids are stable solids. Thus, the picrate salts of the diaste- 
reomeric derivatives were prepared using picric acid in benzene. 


A high-performance liquid chromatographic (HPLC) procedure (13), 
using the derivatives as the picrate ion-pairs, indicated that less than 2% 
of the underivatized alkaloids remained in the crude reaction mixtures 
prepared according to the reaction conditions given under Experi- 
mental. 


The NMR spectra at 60 MHz of atropine (-)-1-phenylethylurethane 
picrate (I) and l-hyoscyamine (-)-1-phenylethylurethane picrate (11) 
revealed minor differences in chemical shifts for the proton absorbances 
in the 3.84-4.64-ppm region. 


However, more dramatic differences were observed when these NMR 
spectra were determined a t  100 MHz using Fourier transformation. 


Table  I-Elemental Analyses and  Melting Points of I a n d  I1 


M.eltinga Analysisb, % 
Comoound Trial Point Calc. Found 


I 1 148-149’ C 57.74 57.65 
H 5.30 5.33 
N 10.52 10.51 


1 2 148-149O c -  57.86 
H -  5.35 
N -  10.56 


I1 1 169-170’ C 57.74 57.50 
H 5.30 5.40 
N 10.52 10.47 


I1  2 169- 170’ c -  57.62 
H -  5.32 
N -  i n.54 


0 Capillary melting-point apparatus, Arthur H. Thomas Co., Philadelphia, Pa. 
Atlantic Microlab, Atlanta, Ca. 


Table 11-UV and Visible Absorptivity Values for I a n d  I1 


Wavelength, 
Compound nm Absorptivity 


I 


I1 


405 
345 
242 
405 
345 
242 


11.3 
21.7 
18.5 
11.1 
21.5 
18.9 


I 
n 


Figures 1 and 2 compare the complete 100-MHz spectra (0-10 ppm) de- 
termined on individual solutions having 10 mg of I and 11 in 0.5 ml of 
deuterochloroform containing 0.1% tetramethylsilane. Figures 3 and 4 
show expansions (fivefold) of the 3.8-5.2-ppm regions of I and 11, re- 
spectively. These spectra better demonstrate the differences in the 
chemical shifts of the absorptions of the methine proton (3.84-4.04-ppm 
region) and the methylene protons (4.22-4.64-ppm region) of the tropic 
acid moiety. The absorptions for the tropane ring C-3 proton and for the 
urethane moiety methine and nitrogen atom protons overlap and occur 
in the 4.54-5.20-ppm region. These absorptions overlap the lower field 
peaks for the methylene protons. By preparing various mixtures of I and 
11, rough diastereomeric composition estimates could be made from 
the NMR spectra in the 4.22-4.64-ppm region. 


The derivatives, as the picrate ion pairs, were characterized by deter- 
mination of melting points, optical rotations, elemental analyses, and 
IR, NMR, and UV-visible spectra. Table I contains elemental analysis 
data and melting points as determined on duplicate preparations of I and 
11. 


In line with the original goal of this project, several HPLC systems were 
investigated for resolution of the diastereomeric mixture. However, 
satisfactory resolution was not achieved using various ion-exchange, 
reversed-phase partitioning, and ion-pairing techniques. 


The optical rotations were determined on I and I1 in chloroform using 
a recording polarimeter6. The specific rotations were calculated for each 
derivative: I, [a13 = -25.4”, 0.965; and 11, [a1205 = -51.2’, 0.702. 


The IR7 spectra of I and I1 were identical and gave absorbance bands 
in agreement with their structure. 


The UV and visible8 absorptivity values for I and I1 in chloroform are 
recorded in Table 11. 


REFERENCES 


(1) J. A. Dale, D. L. Dull, and H. S. Mosher, J .  Org. Chem., 34,2543 


(2) J. A. Dale and H. S. Mosher, ibid., 35,4002 (1970). 
( 3 )  M. S. Biernbaum and H. S. Mosher, ihid.. 36,3168 (1971). 
(4) B. T. Dewey and N. F. Witt, Ind. Eng. Chem., Anal. Ed., 12,459 


(5) Ibid., 14,648 (1942). 
(6) W. M. Hearan, J. D. Hiatt, and C. R. Fordyce, Am. Soc., 66,995 


(7) A. Neville and R. H. Pickard, J. Chem. SOC., 85,685 (1904). 
(8) C. Valee, Ann. Chim., 15,410 (1908). 
(9) A. P. Terent’ev, R. A. Gracheva, and V. T. Bezruchko, Dokl. Akal. 


(10) R. A. Gracheva, A. P. Terent’ev, and V. T .  Bezruchko, Zh. Org. 


(11) W. Pereira, V. A. Bacon, W. Patton, D. Halperti, and G. E. Pol- 


(12) “Sadtler Standard Spectra,” Sadtler Research Laboratories, 


(13) W. Santi, J. M. Huen, and R. W. Frei, J. Chromatogr., 115,423 


(1969). 


(1940). ’ 


( 1944). 


Nauk SSSR, 172,622 (1967) (Russian). 


Khim., 5,1058 (1969) (Russian). 


lock, Anal. Lett.,  3,23 (1970). 


Philadelphia, Pa., Spectrutn 4443 M. 


(1975). 


Hendix Ericsson automatic type 14:lA. Bendix Corp.. Lewisburg, W.Va. 


Model 5260, Beckman Instruments, Fullerton, Calit. 
’ Model 180, Perkin-Elmer Corp., Norwalk, Conn. 


Journal of Pharmaceutical Sciences I 1041 
Vol. 68, No. 8, August 1979 












Cefoxitin Sodium: 
Solution and Solid-state Chemical Stability Studies 


EARL R. OBERHOLTZER and GERALD S. BRENNERX 
Received July 31,1978, from Merck Sharp & Dohme Research Laboratories. West Point. PA 19486. 
1979. 


Accepted for publication January 16, 


~~ ~ 


Abstract 0 Studies were undertaken to provide the basic physico- 
chemical information necessary for preparing a suitahle parenteral for- 
mulation of cefoxitin sodium. Emphasis was placed on the physico- 
chemical properties of the compound in solution and in the solid state. 
Cefoxitin sodium is very soluhle in water and exhibits apparent first-order 
decomposition in this medium a t  pH 3-9. Maximum stability in water 
is a t  pH 5-7. Under these pH conditions, cefoxitin sodium loses about 
10% of its activity in 2 days a t  25'. Thermal decomposition rates for 
amorphous and crystalline cefoxitin sodium samples were determined. 
Amorphous cefoxitin sodium was considerably less stable than its cor- 
responding crystalline form. Solid-state decomposition plots are biphasic, 
displaying initial rapid losses followed by a slower decay period. The 
extent of loss in the crystalline solid a t  the end of the more rapid initial 
phase can be correlated with the water content of the solid. 


Keyphrases u Cefoxitin sodium-chemical stability, amorphous and 
crystalline solids, water content 0 Antibiotics-cefoxitin sodium, 
chemical stability, amorphous and crystalline solids, water content 0 
Stability-cefoxitin sodium, amorphous and crystalline solids, water 
content 


Cefoxitin sodium' (I), the sodium salt of 34hy- 
droxymethyl) -7a-methoxy- 8-0x0 - 7 - [2 - (2- thieny1)acet- 
amid01 -5- thia-l-azabicyclo[4.2.0]oct-2-ene-2-carboxylate 
carbamate (ester), is a semisynthetic derivative of a new 
class of P-lactam antibiotics, the cephamycins. I t  is 
chemically unique in that the cephem nucleus is substi- 
tuted with a 'la-methoxy and 3-carbamoyloxymethyl 
group. Cefoxitin is active against Gram-positive and 
Gram-negative bacteria (1) and is therapeutically impor- 
tant because of its resistance to destruction by bacterial 
,8-lactamase (2,3). 


This paper describes preformulation studies undertaken 
to provide the basic physicochemical information neces- 
sary for preparing a suitable parenteral formulation of this 
antibiotic. Emphasis was placed on the physicochemical 
properties of the compound in solution and in the solid 
state. Findings from these preformulation studies are re- 
ported herein. 


OCH, 


LOO-Na+ 
I 


EXPERIMENTAL 


Materials-Amorphous and crystalline.cefoxitin sodium samples were 
laboratory samples2 used as received. A selected lot of cefoxitin free acid 
was used as a reference standard. All other chemicals and solvents were 
reagent grade and were used without further purification. 


Kinetic ProcedureeSolution Studies-Buffer solutions for kinetic 
studies were prepared by adding 1.0 N NaOH sufficient to attain the 


Mefoxin. Merck Sharp and Dohme. * Merck Sharp and Dohme Research Laboratories. 


desired pH to 50 ml of solutions 0.5 M each in acetic, phosphoric, and 
boric acids and diluting to 250 ml with water (modified Hritton-Rohinson 
buffer). In this manner, buffers were prepared a t  pH 3,5,7, or 9,O.l M 
in each of the previously named acids. 


Aliquots of an aqueous stock solution (5% w/v) of cefoxitin stdium were 
diluted with sufficient buffer to make 0.5 or  1% solutions. These solutions 
were stored a t  25.0 f 0.5" in glass-stoppered volumetric flasks, and ali- 
quots were withdrawn periodically for analysis. Aliquots of reaction so- 
lutions and reference standard cefoxitin acid were diluted for UV spec- 
trophotometric assay with 1% pH 6.0 phosphate buffer prepared as di- 
rected in the USP ( 4 ) .  Each aliquot was diluted to a nominal concentra- 
tion of 40 pg/ml with 1% pH 6.0 phosphate buffer. For the standard so- 
lution, cefoxitin acid was dissolved in 1% pH 6.0 phosphate buffer and 
diluted to about 40 pg/ml. Absorbances of sample and standard solutions 
were determined at 262 nm. The true absorbance a t  262 nm was obtained 
by applying a suitable baseline correction. 


The reaction solution pH was checked initially and a t  the end of the 
10-day period and did not change significantly during that time. 


Solid-state Studies-Individual samples of about 50 mg each of 
amorphous and crystalline cefoxitin sodium were stored in tightly closed 
glass vials in constant-temperature ovens. Separate individual samples 
were removed periodically for each assay point. 


Characterization of Crystall ine Form-The primary tool for the 
differentiation of amorphous and crystalline cefoxitin sodium was a 
commercial X-ray powder diffractometer' supplying CuKa radiation. 
Solid-state IR spectroscopy, differential scanning calorimetry, and optical 
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Figure  I -spectral changes for decomposition of eefoxitin sodium in 
p H  9.0 buffer at 2.5". The curves are labeled a s  to hours after the start  
oi the reaction. 


Phillips Electronic Instruments model 12045 full-wave constant potential unit 
with vertical diffractometer and scintillation counter detector. 
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Figure 2-Thin-layer chromatogram of a 1 ri sfdution of cefoxitin sa- 
dium follouling storagr at  2.5’ for 72 hr. 


microscopy with polarized light were also employed to determine crys- 
tallinity. 


Analytical Procedures-Cefoxitin sodium stahility studies in solu- 
tion and in the solid state were monitored by UV spectrophotometry, 
iodometric titration, microbiological assay, high-performance liquid 
chromatography (HPIX),  and TLC. 


1IV Spectrophotomrtry-Intact cefoxitin sodium exhibits a UV ah- 
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Figure 3-Apparent first-order plots followed by UVspectrophotom- 
etr,y for decomposition of 0.5 and 1 P;, solutions of cefoxitin sodium a t  
2 5 O  and various p H  ualues. Key: A, pH 5 and 7; 0, pH 3; and 0, pH 
9. 
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Figure 4-Typical plots of solid-state decomposition of amorphous 
cpfoxitin sodium at various temperatures. Key: A, 40’; 0, 60°; and 0, 
R O O .  


sorption hand near 262 nm attributed to the O=CNC=C linkage in the 
molecule. &Lactam ring opening leads to disappearance of this absorp- 
tion hand. Periodic monitoring of UV spectra of stability samples was 
carried out to follow the extent of this transformation. This UV spec- 
trophotometric method, with appropriate baseline corrections, yielded 
assay values essentially identical to those obtained by HPLC and iodo- 
metric methods. 


Spectral changes as a function of time for the decomposition of a ce- 
foxitin sodium solution at  pH 9 are illustrated in Fig. I. 


lodometric Titration-The well-established iodometric titration for 
@lactam antibiotics is applicahle to the determination of the integrity 
of the fl-lactam moiety in cefoxitin sodium. The procedure used in these 
studies is a modification of the “Code of Federal Regulations” method 
( 5 ) .  


Microbiological Assay-Cefoxitin sodium potency was determined 
by an agar-diffusion (plate) assay with Staphylococcus aureus 
(NHRL-HI 1034) as the test organism. 


HPLC-HPLC was used to follow cefoxitin sodium decomposition. 
The liquid chromatograph4 employed was equipped with a variable- 
wavelength UV detector5 set at 254 nm; the separation was carried out 
on a 30-cn-1, lO-pm, microporous, octadecylsilane stationary phaseG with 
an acetonitrile-water-acetic acid (2080:l) mobile phase. The column 
pressure was 800-900 psig, and the column temperature was controlled 
a t  25’. The sample load on the column was 10 pl of a 1-mg/ml solu- 
tion. 


TLC-Solution and solid degraded samples (100 pg) were evaluated 
qualitatively by TLC. Cefoxitin sodium was chromatographed using 
butanol-acetic acid-water (4:l : l)  with precoated silica gel plates con- 
taining a fluorescent indicator7. Visualization was accomplished by flu- 
orescence quenching under shortwave UV light or by iodine staining. 


RESULTS AND DISCUSSION 


The results of experimental studies with cefoxitin indicated that 
crystalline cefoxitin sodium has properties that  make it a suitable 
chemical and physical form of the antibiotic for use as a sterile powder 
for reconstitution prior to parenteral administration. 


Physical Properties-Crystalline and amorphous cefoxitin sodium 
forms are colorless to off-white solids with a slight characteristic odor. 
The compound is optically active and, as a 1% solution in methanol, ex- 
hibits a specific rotation of [a]25Enm +210°, calculated on a water and 
solvent-free basis. The UV spectrum in pH 7.0 phosphate buffer is 
characterized by maxima a t  235 and 262 nm with approximate log c values 
of 4.17 and 3.97, respectively. 


Solution Properties-Aqueous Solubilily-Cefoxitin sodium is 
soluble in water in excess of 1000 mg/ml. This value more than satisfies 


4 Dupont model 841 with model 833 flow controller. 


6 Waters Associates pBondapak CIB. 
7 Quantum Industries $IF. 


Perkin-Elmer model LC-55. 
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Table I-Apparent First-Order Constants, Tlon, and  Tho% fo r  
0.5 and  1.0% Solutions of Cefoxitin Sodium at 25' a n d  Various 
pH Values 


Kohs X lo3, 
PH hr-I TIW, hr 7'50%. hr 


3.0 3.42 40 212 
5.0 2.44 50 291 
7.0 2.46 49 288 
9.0 7.83 14 89 


the required solubility for use in injection products based on the intended 
dose and desired volumes for administration. 


Solution'Stability-The /3-lactam ring of cefoxitin sodium undergoes 
cleavage in water. Subsequent fragmentation of the p-lactam hydrolysis 
product yields a complex product mixture, as evidenced by the TLC 
hydrolysis product pattern (Fig. 2). 


As with other /3-lactam antibiotics, long-term solution stability at 25" 
is not sufficient a t  pH 3-9 to permit formulation of cefoxitin sodium as 
a preconstituted solution (Table I). However, these studies established 
the viability of a formulation consisting of a readily soluble sterile solid 
for the extemporaneous preparation of a solution for injection. As the 
data indicate, such solutions, under proper pH control, exhibit about a 
10% loss (Tlm) in potency when maintained a t  25" for 48 hr. 


The studies summarized in Table I and Fig. 3 establish the pH-rate 
profile for cefoxitin sodium a t  25". The semilogarithmic data plots ob- 
tained a t  various pH values were reasonably linear (Fig. 3), indicating 
that cefoxitin sodium degradation follows first-order kinetics. The ap- 
parent first-order rate constants, Kohs (Table I), were calculated from 
the slopes of log percent remaining cefoxitin sodium concentration-time 
data by means of a computer-programmed least-squares regression 
analysis. The p-lactam hydrolysis rate was nearly identical a t  pH 5.0 and 
7.0. Under these pH conditions, the time for 10% loss (Tlw) was ap- 
proximately 50 hr a t  25" and the half-life (Tsw) was about 290 hr. Re- 
activity of the p-lactam was significantly greater under basic conditions. 
A t  pH 9.0, the half-life was approximately 89 hr. Sensitivity to acid was 
less pronounced than to base, as evidenced by the degradation rate a t  pH 
3.0 which was not dramatically greater than the rate in the pH 5.0-7.0 
range. 


No adverse physical changes, other than some yellowing, were observed 
in the solutions employed for solution stability studies. AH solutions re- 
mained free of precipitates during the study. 


Solid-state Properties-Physical Forms-An amorphous and a 
crystalline form of cefoxitin sodium were evaluated during preformula- 
tion studies. The amorphous material was the first form investigated 
during preclinical and initial clinical studies. As solid-state stability 
deficiencies in the amorphous material became apparent, attention was 
directed toward preparation of a more highly ordered structure, a crys- 
talline solid. When this goal was accomplished, the properties of the 
crystalline solid were investigated and compared to the amorphous ma- 
terials. 


The amorphous form is a white to off-white solid and does not exhibit 
any well-defined thermal transitions by differential scanning calorimetry 
below 350". Gradual solid decomposition is observed by differential 
scanning calorimetry as temperatures increase over 150". The amorphous 
form shows no distinct X-ray powder diffraction pattern and is nonbi- 
refringent when examined microscopically under polarized light. 


Crystalline cefoxitin sodium is a white to off-white solid and exhibits 
a characteristic X-ray powder diffraction pattern and a decomposition 
exotherm by differential scanning calorimetry a t  approximately 190- 
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Figure 5-Typical plots of solid-state decomposition of crystalline 
cefoxitin sodium at various temperatures. Key: A, 40'; 0,600; and 0, 
80". 


200'. The solid is birefringent when examined microscopically under 
polarized light. 


Solid-State Stability-Accelerated chemical and physical stability 
testing of amorphous and crystalline cefoxitin sodium solids was carried 
out as part of a screening program to guide selection of the proper physical 
form for use in a formulation. Both solid forms, when exposed to elevated 
temperature and subsequently examined qualitatively by TLC, revealed 
degradation to a complex mixture of decomposition products. The 
complexity of the degradation pattern also was reflected in quantitative 
studies. Typical data plots from these studies used to determine reaction 
order indicate that degradation did not follow a simple kinetic relation- 
ship. A rough reaction order screening was carried out hy data plotting. 
If the amount of intact cefoxitin is plotted as a function of time, a straight 
line does not result for zero- or first-order plots. 


The amount of intact cefoxitin sodium in the two different solid forms 
as a function of time and temperature is depicted graphically in Figs. 4 
and 5. Both solids exhibited a biphasic decomposition pattern typified 
by an initial accelerated decomposition period followed by a slower decay 
period. This trend suggests that  cefoxitin sodium exhibits two or more 
parallel decomposition pathways, one or more of which is rapid and the 
others slower. The initial more rapid degradation rate of crystalline 
material a t  elevated temperature and of amorphous material a t  low 
temperatures to a level of -85-90% of the initial concentration is con- 
sistent with partial solid hydrolysis; the hydrolysis apparently is limited 
only by the concentration of water, an exhaustible solid constituent. 
Thermal degradation reactions occurring a t  a slower rate most likely 
account for the additional losses in the subsequent slow decay period. 


In cefoxitin sodium decomposition by hydrolysis, water is consumed 
when the p-lactam, R-CO-N-R'R", is opened to RCOOH + HNRR". 
Since the cefoxitin sodium samples studied contained about 0.5% water, 
which corresponded to approximately 12 mole % water, about 12% of the 
drug could be expected to decompose by hydrolysis. In fact, as the data 
in Fig. 5 indicate, crystalline cefoxitin sodium subjected to 60 and 80" 
thermal stress suffered drug loss to that extent in the initial more rapid 
phase of its decomposition. Drug loss to that extent also occurred in 
crystalline material at 40" when the study was extended to periods be- 
yond those shown in Fig. 5 and to samples of amorphous solid maintained 
a t  40" as indicated in Fig. 4. The fact that  the loss in the initial phase of 
accelerated studies on the amorphous solid a t  60 and 80" is more exten- 
sive suggests that  the decomposition pathway for this material is not the 
same as for the crystalline solid a t  higher temperatures and that the ob- 
served rates must reflect a substantial contribution from nonhydrolytic 
reactions. The activation energy for these thermal, nonhydrolytic pro- 
cesses is most likely considerably less for amorphous materials than for 
their corresponding crystalline forms. 


A comparison of the thermal decomposition data for amorphous and 
crystalline cefoxitin sodium demonstrates that  crystalline material is 
more stable. While an increasing water content generally increased the 
net decomposition rate of both forms, i t  could be shown by maintaining 
equivalent water levels that  stability differences between the two forms 
did not reflect differences in water content. The data in Figs. 4 and 5 were 
obtained for samples of approximately equal water content (0.5%). 


I t  is concluded that the stability differences noted between the solids 
relate to differences in the degree of crystallinity. Stability differences 
between crystalline and amorphous solids have been the subject of prior 
publications. Among p-lactam antibiotics, amorphous forms of penicillin 
potassium (6), epicillin (71, and a number of cephalosporins (8,9) are less 
stable chemically than their crystalline counterparts. 


In addition to chemical stability differences between amorphous and 
crystalline forms of cefoxitin sodium solids, physical stability differences 
have been noted. Upon aging, amorphous cefoxitin sodium develops 
considerably more color than its crystalline counterparts, as reflected 
in both solid-state and solution color measurements. 


Crystalline cefoxitin sodium is thus both chemically and physically 
more stable than the amorphous form. 
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Synthesis and Evaluation of Benzylfluorenyl and 
1 -Arylethyl Quaternary Ammonium Salts for Antimicrobial and 
Antineoplastic Activities 
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Abstract A numher of' suhstituted benzyldimethyl-9-fluorenylam- 
monium bromides (11) and 9-henzylfluorenyl-9-trimethylammonium 
hromides ( I V )  were synthesized and examined for antimicrohial and 
anticancer activities. Series IV showed greater antimicrobial activity than 
Series I I  while some corresponding acyclic fluorene analogs were bereft 
o f  antimicrohial activities. Significant a n t i n e o p k i c  act.ivity was not 
found in Series I1 and IV. Representative fluorenes subjected to a pre- 
liminary screen for various pharmacological activities revealed marked 
anti-inl'lammatory and analgesic properties coupled with some antihis- 
tnminic activities. T h e  acyclic quaternary ammonium compounds 
demonstrated substant ial pressor activities. 


Keyphrases  0 Bpnzyllluorene- --quaternary ammonium derivatives, 
synthesis, antimicrohial and antineoplastic activity, structure-activity 
relationships 0 Arylethylamines-quaternary ammonium derivatives, 
synthesis, antimicrohial and antineoplastic activity, structure-activity 
relationships 0 Antimicrohial agents-henzylfluorene, arylethylamines, 
quaternary ammonium derivatives Antineoplastic agents-benzyl- 
I'luorene, arylethylamines, quaternary ammonium derivatives 


As a continuation of studies on new antimicrobial (1-4) 
and antineoplastic (5-8) agents, it was decided to examine 
the biological activities of some novel substituted fluo- 
renes, representatives of which have demonstrated anti- 
microbial (9-11) and anticancer (12-14) activities. Since 
quaternary ammonium compounds are known to possess 
antiseptic properties, especially when bulky1 groups are 
attached to the quadrivalent nitrogen center, which may 
reduce adsorption onto serum proteins (15), the prepara- 
tion of fluorenes attached to a quaternary nitrogen atom 
was contemplated. 


The  reactivity ot' benzylic derivatives is documented 
clearly (16); in the two planned structural isomer series 
(Scheme I), a benzyl group was attached either to a qua- 
ternary nitrogen atom (11) or directly to the fluorene ring 
(IV). In both cases, facile proton loss from the benzylic 
methylene group may occur. Furthermore, in Series 11, the 
9-fluorenyl proton may be considered labile. Thus, both 
I1 and IV have the potential for forming carbanions, which 
would be available for electrophilic attack by biological 
macromolecules. 


In addition, it was proposed to synthesize some fluorene 
11 and IV analogs so that structural requirements for 
bioactivities might be discerned. In the case of V, which 
is similar in structure to antifungal 9-fluorenol (9), both 
the benzyl and quaternary ammonium groups were re- 
moved. The quaternary ammonium compound VI was an 


aR, (Ii (.r.SCH.*Kr t 


H Rr 
In: R I  = H 
Ib:  Ri = CI 
Ic: RI = Br 


CH,ONa 
__L 


( - 1  I 
Br CH, 


IIu: Ri = R2 = H 
IIb: RI = H, R2 = F 
IIc: R,  = H, R 2  = C1 
IId: R, = H, R2 = Br 
IIe: R ,  = H, R 2  = CF, 


IIf: R ,  = H, R2 = CH, 
Ik: R,  = H, R2 = OCH, 
I I h :  R,  = CI, R 2  = H 
IIi: R ,  = Br, R = H 


1110-IIIi ( a s  in  11) 


( - 1  


Rr 
IVo-IVi (as  in  11) 


Sch i,mr I 


analog of TV with the benzyl function replaced by a methyl 
group. Previous investigations compared the antimicrobial 
activities of flexible acyclic analogs of more rigid cyclic 
structures with the corresponding cyclic compounds ( 1-4). 
For this reason, the synthesis of several quaternary am- 
monium compounds derived from 1-arylethylamines (VII 
and VIII) was contemplated. 


RESULTS AND DISCUSSION 


T h e  synthetic pathway for the  prepared fluorenes is illustrated in 
Scheme 1. T h e  appropriate N,N-dimethylated henzylamines, prepared 
hy the  Eschwieler-Clark procedure, were quaternized with 9-bro- 
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Comparative Pharmacokinetics of Coumarin Anticoagulants XLIII: 
Concentration-Dependent Hepatic Uptake of Warfarin in Rats 
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Abstract  0 The purpose of this study was to determine if hepatic war- 
farin uptake, which has a major quantitative effect on warfarin distri- 
bution in rats, is concentration dependent. Adult male rats received either 
0.1 or 1.0 mg of racemic warfaridkg iv and were killed 6 hr later. With 
increasing dose, the concentrations of free and total (free plus protein- 
bound) serum warfarin increased much more than proportionally, and 
the total warfarin concentration in the liver increased much less than 
proportionally. The liver to serum total warfarin concentration ratios 
6 hr after injection of the 0.1- and 1.0-mg/kg doses were 11.3 f 1.7 and 
0.814 f 0.222, respectively (mean f SD, n = 6, p < 0.001). The ratio of 
the total drug concentration in the liver to the free drug concentration 
in serum (mean f SD) was 866 f 105 in animals that  received the 0.1- 


mg/kg dose and 11 1 f 42 in animals that  received the 1.0-mg/kg dose (p 
< 0.001). It is concluded that hepatic warfarin uptake decreases with 
increasing drug concentration and that this may cause the apparent 
volume of distribution of warfarin to decrease with increasing dose in 
rats. 


Keyphrases Coumarin anticoagulants-warfarin, hepatic uptake, 
concentration dependence, rats Warfarin-hepatic uptake, concen- 
tration dependence, rats 0 Anticoagulants-warfarin, hepatic uptake, 
concentration dependence, rats 0 I'harmacokinetics-anticoagulants, 
warfarin, hepatic uptake, rats 


The pharmacokinetics of warfarin in rats provide a 
classical example of the effect of serum protein binding on 
the elimination of a drug with a hepatic clearance much 
lower than, and therefore independent of, the hepatic 
blood perfusion rate (1). Very large interindividual dif- 
ferences in total warfarin clearance by rats are associated 
with, and can be related to, corresponding differences in 
the serum free fraction of the drug (2). However, theoret- 
ical considerations suggest that the pharmacokinetic 
components of total clearance, i .e.,  the apparent volume 
of distribution and 0, are affected by changes in tissue 
binding of the drug, even though tissue binding should 
have no effect on the total clearance per se (3,4). 


Despite being bound extensively to serum proteins (= 
99% in the pharmacologically realistic drug concentration 
range), warfarin concentrates in rat liver. In a previous 
study in this series, an average liver to serum concentration 
ratio of 2.5 was found in rats injected with a O.B-mg/kg dose 
of warfarin and sacrificed when the serum warfarin con- 
centration had declined to -0.4 pg/ml(2). The rat livers 
contained nearly one-half the amount of warfarin in the 
bodies at the time of sacrifice. Whether caused by satu- 
rable binding to hepatic tissues or by a saturable transport 
process, this pronounced warfarin uptake by the liver could 
be drug concentration dependent. Such concentration 
dependence may have important effects on warfarin 
pharmacokinetics and was explored in this investiga- 
tion. 


EXPERIMENTAL 


Twelve adult male Sprague-Dawley rats, 284-323 g, with unrestricted 
access to food and water received an intravenous injection of racemic 
14C-warfarin1 (158 pCi/mg), about 3.5 pCi, together with sufficient 
nonradioactive warfarin to constitute a total dose of 0.1 or 1.0 mg/kg. Six 
rats received the low dose and six received the high dose. The drug was 
injected rapidly into the femoral vein. Six hours later, the animals were 
anesthetized with ether and exsanguinated from the adrta by syringe. 


Serum was separated from the blood, and warfarin was extracted and 
separated from its metabolites by TLC to allow quantitation by scintil- 
lation spectrometry (5). The liver was excised, and the large left lobe was 
removed, weighed, and homogenized with two volumes of ice-cold 0.9% 


Amersham Corp., Arlington Heights, Il l .  


sodium chloride by means of a polytef pestle tissue grinder (30-ml 
chamber volume) a t  2OOO rpm for 5 min. Warfarin in the liver homogenate 
was extracted, separated from its metabolites, and assayed as described 
previously (2). Recovery of added warfarin from the liver homogenate 
was 88 f 7% (mean f SD, n = 8) and was concentration independent in 
the range of 0.2-22 pg /g  wet weight of liver. 


The free fraction of warfarin in serum was determined by equilibrium 
dialysis a t  37O (Z), without drug addition to either the buffer or the serum 
phase. The free warfarin fraction in the liver was calculated as described 
previously (6), based on the assumptions that the free warfarin concen- 
trations in serum and in liver water are identical and that the liver con- 
tains 70% water. 


Statistical significance of differences was determined by the Student 
t test (unpaired, two tailed). 


RESULTS 


The serum and liver drug concentrations were determined 6 hr after 
intravenous injection when serum warfarin concentrations were in the 
terminal exponential (8) phase (7). Injection of a 0.1-mg/kg dose of 
warfarin resulted in average total (free and bound) drug concentrations 
o f  0.102 pg/ml in serum and 1.14 p g / g  wet weight of liver (Table I). Upon 
injection of a l.O-mg/kg dose, the average total concentrations were 4.65 
pg/ml in serum and 3.58 pg/g of liver (Table 11). Thus, a 10-fold increase 
in the warfarin dose produced a 46-fold increase in the total serum war- 
farin concentration but only a threefold increase of the concentration in 
the liver. Therefore, the average liver to serum concentration ratio of  total 
warfarin decreased from 11.3 at the lower dose to only 0.814 at the higher 
dose. 


The concentrations of free warfarin in serum (mean f SD, n = 6) were 
0.00133 f O.OOO16 and 0.0352 f 0.0105 Fg/ml in rats that received 0.1 and 
1.0 mg/kg of warfarin, respectively, representing a 26-fold increase. The 
difference between the dose-normalized concentrations (Le., concen- 
tration/dose) of free drug is highly significant ( p  < 0.001). 


Liver to serum warfarin concentration ratios a t  an average serum 
concentration intermediate between those observed in the present study 
were available from a previous investigation (2). However, the experi- 
mental conditions of the previous study were somewhat different in that 
the animals were older (body weight 400-450 g), the warfarin dose was 
0.6 mg/kg, and the animals were killed when the total serum warfarin 
Concentration had decreased to -0 .4  pg/ml. Therefore, the animals were 
killed after a period of time equal to about three times the biological 
half-life of the drug. The ratios of total liver drug concentration to total 
serum drug concentration ( C i / C g )  and total liver drug concentration to 
free serum drug concentration ( C i / C & )  obtained in the previous inves- 
tigation and in this study are listed in Table 111. Both ratios decreased 
strikingly with increasing serum warfarin concentration. 


DISCUSSION 


Direct in uitro equilibrium dialysis studies showed that rat liver ho- 
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Table I-Free and Total Warfarin Concentrations in Ra t  Serum a n d  Liver 6 hr  a f t e r  a 0.1-mg/kg iv Dose 


Body Total Concentration, pg/ml or pg/g Liver to Serum Free Fraction X 100 
Rat Weight. !z Serum Liver Total Concentration Ratio Serum Liver" - -  . "  ..-. 


1 A  284 0.0985 1.13 11.5 1.21 0.0737 
2 A  298 0.0981 1.10 11.2 1.53 0.0955 
3 A  287 0.114 1.19 10.4 1.32 0.0888 
4 A  295 0.110 1.04 9.45 1.13 0.0835 
5 A  300 0.113 1.20 10.6 1.22 0.0805 
6 A  298 0.0807 1.16 14.4 1.41 0.0688 
Mean 293 0.102 1.14 11.3 1.30 0.0818 
SD 7 0.010 0.06 1.7 0.15 0.0098 


* Estimated by the method described in Ref. 6. 


Table  11-Free and  Total  Warfarin Concentrations in Ra t  Serum and Liver 6 hr a f t e r  a 1.0-mg/kg iv Dose 


Free Fraction X 100 Body Total Concentration, Fg/ml or pg/g Liver to Serum 
Rat Weight, g Serum Liver Total Concentration Ratio Serum Liver" 


I B  316 
2 B  300 
3 B  322 
4 B  293 


' 5 B  310 
6 B .  323 
Mean 311 
SD 12 


3.52 
3.43 
5.34 
5.34 
4.04 
6.21 
4.6Fib 
1.14 


3.63 
3.33 
3.42 
3.78 
4.11 
3.18 
3.58c 
0.34 


1.03 
0.971 
0.640 
0.708 
1.02 
0.512 
0.814d 
0.222 


1.19 0.808 
1.08 0.782 
0.569 0.622 
0.755 0.746 
1.12 0.770 
0.264 0.361 
0.830e 0.682d 
0.366 0.170 


0 Estimated by tlie method described in Ref. 6. Significantly higher than the dose-normalized concentration 6 hr after a 0.1-mgkg dose (p < 0.001). Significantly 
Significantly different from result obtained after injection of 0.1 m g k g  (p  < lower than the dose-normalized concentration 6 hr after a 0.1-mg/kg dose (p  < 0.001). 


0,001). e Significantly different from result obtained after injection of 0.1 mg/kg (p < 0.002). 


Table 111-Relationship between Serum Concentration and Liver to Se rum Concentration Ratio of Warfar in  in Rats 


Liver Total to 
Total Concentration, pg/ml or pg/g Free Fraction in Liver to Serum Serum Free 


Serum Liver Serum X 100 Total Concentration Ratio Concentration Ratio Data Source 


0.102 f 0.010" 1.14 f 0.06 1.30 f 0.15 11.3 i 1.7 
0.397 f 0.101 0.948 f 0.156 0.956 2.50 i 0.59 


(0.227-2.02) 
4.65 f 1.14 3.58 f 0.34 0.830 f 0.366 0.814 f 0.222c 


866 f 105 
451 f 368 Reference 2 


111 f 42c 


This study; 0.1-mg/kg dose 


This studv; l.O-ma/ka dose 


a Mean f SD. b Range (values not normally distributed). Significantly different from the ratio obtained after the 0.1-mg/kg dose ( p  < 0.001). 


mogenate hinds warfarin (2). The results of this investigation demon- 
strate that in uiuo warfarin uptake by the rat liver is drug concentration 
dependent, as reflected by a striking decrease in the liver to serum war- 
farin concentration ratio with increasing drug concentration (Table 111). 
The more than proportional increase inkhe free and total serum warfarin 
concentrations with increasing dose (Tables I and 11) may reflect a de- 
crease in the apparent distribution vcilume, but this result can also be due 
to a dose-dependent change in the intrinsic drug clearance. Studies are 
now in progress to clarify this problem. 


The free fraction o f  warfarin in serum of rats is concentration inde- 
pendent over a wide concentration range but exhibits considerable in- 
teranimal variation (2). The free warfarin tractions in serum and liver 
in any one rat are strongly correlated (2 ,6 ) .  Consequently, the interin- 
dividual variation of the liver to serum warfarin concentration ratio a t  
a given drug concentration is murh smaller than the interindividual 
variation of free fraction values (6). The ratio of the total warfarin con- 
centration in the liver to the free serum warfarin concentration during 
the &phase is an unambiguous index of the hepatic warfarin uptake2. 
The fact that this ratio is very high (866 a t  6 hr after a O.L-mg/kg dose) 
and decreases markedly with increasing concentration suggests that 
warfarin is hound to saturahle hepatic tissues and/or transported from 
plasma to  the liver hy a saturable process. 


Kekki vt a/.  (9) attempted to determine warfarin concentrations in 
rat plasma and liver as a function of time after intravenous injection of 
1,2,8, and 40 mg/ky, using a spectrophotometric assay. They reported 
that assay difficulties prevented the determination of warfarin concen- 
trations in the liver after the 1- and 2-mglkg doses. The liver to plasma 
total concentration ratio 6 h, after injection of 8 mg/kg was -0.2, and the 


2 The ratio 0 1  drug concentrations in the liver and in  serum from hlood ohtained 
from the aorta is not necessarily identical ti]  the ratio of drug concentrations in the 
liver and in serum from the hepatic venous outflow. With warfarin, a drug whose 
hepatic clearance is very much lower than the hepatic blood flow. the two  ratios 
ran he expected to lie virtually identical o n  the basis 01 the criteria estahlished by 
( 'hen and Gross (8). 


plasma warfarin concentration was 38.4 f 4.8 pg/ml (mean f S E ) .  These 
data are not inconsistent with those summarized in Table Ill.  The liver 
to plasma total concentration ratio 6 hr after injection of 40 mg/kg was 
actually somewhat higher than that produced by the 8-mg/kg dose, ap- 
parently because of the threefold increase in the free fraction of warfarin 
in plasma a t  these very high and pharmacologically unrealistic concen- 
trations. 


Consideration of the results of this investigation together with those 
o f  Kekki et al. (9) indicates that a concentration-dependent warfarin 
uptake by the liver causes the liver to plasma warfarin concentration ratio 
to decrease with increasing concentration over the pharmacologically 
realistic concentration range (i.e., in the range where synthesis of vitamin 
K-dependent clotting factors is inhibited or blocked) and that concen- 
tration-dependent plasma protein binding may reverse this trend a t  
higher concentrations. Since the liver accounts for a major fraction of tlie 
total warfarin in the body of a rat following administration of a phar- 
macologically realistic dose (2), concentration-dependent hepatic drug 
uptake apparently may result in nonlinear (dose-dependent) warfarin 
pharmacokinetics in intact animals and particularly in a decrease in the 
apparent volume of distribution of the drug with increasing dose in the 
pharmacologically realistic dose range. Studies are now in progress to 
examine that possibility. 
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CO MMUNt CA TIONS 


Pharmacokinetics of cis -Dichlorodiammine 
Platinum(I1) in Rats Using an External 
Loop-Eigenfunction Expansion Technique 


Keyphrases 0 Pharmacokinetics-organometallic antineoplastic agents, 
external loop blood sampling techniques, eigenfunction expansion 
analysis, Fourier transform analysis External loop technique-blood 
collection, pharmacokinetics, eigenfunction expansion analysis 0 Anti- 
neoplastic agents-organometallic, pharmacokinetics, external loop 
technique, eigenfunction expansion analysis 


To the Editor: 
An external loop technique for collecting many closely 


spaced blood concentration-time data points, early in an 
experiment when the concentration changes rapidly, was 
developed recently for compounds labeled with y -emitting 
isotopes (1,2). The large amount of accurate data coll6cted 
at such frequent intervals allows the use of the more ob- 
jective methods of Fourier transform or eigenfunction 
expansion analysis for the determination of pharmaco- 
kinetic parameters. 


With conventional data collection methods, determi- 
nation of the optimum number of exponentials necessary 
to describe adequately the time course of the drug is dif- 
ficult. With a limited number of data points collected over 
a relatively short period (4-6 hr), a maximum of three ex- 
ponentials has been suggested (3). For studies conducted 
over several days, it is possible to resolve more exponentials 
(4). 


The external loop method permits continuous moni- 
toring of radiopharmaceuticals and provides several ad- 
vantages over traditional blood sampling techniques: 


1. There is no sampling time error. 
2. The number of samples is -500 uersus 40 since there 


is no blood volume loss to limit the sampling. 
3. The sample volume does not change. Such a change 


affects both the compartment size and the loss of ac- 
tivity. 
4. The continuous cumulative count of the analyzer 


gives an accurate average activity over the time interval. 
5. The time interval may be varied or kept constant with 


a lower limit of less than a millisecond. This flexibility al- 
lows the collection of different data sets, thus enhancing 
numerical analysis by gaining more information at a crucial 
time. 


The large amount of data collected permits the use of 
Fourier transform analysis to resolve the number of ex- 
ponentials. Fourier transform analysis was used previously 
to analyze multicomponent exponential decay curves 
(5-8). By this method, it is possible to transform the raw 


data and obtain a plot of the transformed data versus the 
rate constants (A). The major contributing rate constants 
can be determined as major peaks in this curve. Pro- 
vencher (9) recently described a digital computer program 
for data analysis (9) that is described by a multiexponential 
equation using the Fourier transform method proposed by 
Gardner et al. (5,6). Subsequently, an alternative method 
using an eigenfunction procedure was proposed (10). 


cis-Dichlorodiammine platinum(I1) (I) represents the 
first of a series of organometallic antineoplastic agents to 
be marketed. This compound is used clinically, particularly . 
in the treatment of metastatic testicular carcinoma. 
Pharmacokinetic parameters for the platinum moiety from 
I were determined in the rat using traditional blood sam- 
pling techniques ( 4 , l l )  and an external loop method (2). 
As an initial step in further studies using I and related 
agents, we investigated the kinetics of I using an external 
loop and analyzed the data with an eigenfunction proce- 
durel. 


Male Sprague-Dawley rats, 300-350 g, were prepared 
as previously described (1). Hexachloroplatinic acid con- 
taining platinum-195m2 was used as the starting material 


l 0 I  8 Y  


t 


0.00 60.00 120.00 180.00 240.00 300.00 360.00 
MINUTES 


Figure 1-Plot of counts per second (x) versus time measured in an 
external blood loop following intravenous administration of 1.1 mg of 
cis-dichlorodiamnine platinurn(//)lkg to Rat I. Thcs solid line was 
calculated using the equation that best fit the data. 


A digitial computer program for performing the analysis was kindly provided 
by s. w. Provencher, Max-Planck-Institut fur Biophysikalische Chemie, D-3400 
Cottingen-Nikolausberg, Federal Republic of Germany. 


*Oak Ridge National Laboratory, Oak Ridge, Tenn. 
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Evaluation of 
1 - (3,4 -Dichlorophenyl) -4 -dimethy laminome thy1 - 1 -nonen- 3 -one 
Hydrochloride Effect on Nucleic Acid and Protein Syntheses 
Using Murine Leukemia L-1210 Cells 
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Abstract 0 Several Mannich bases derived from conjugated styryl ke- 
tones were shown to have potent cytotoxicity toward murine leukemia 
L-1210 cells and Walker 256 carcinosarcoma cells in culture. The most 
cytotoxic derivative, (E)-l-(3,4-dichlorophenyl)-4-dimethylami- 
nomethyl- 1-nonen-3-one hydrochloride, profoundly inhibited the in- 
corporation of tritiated leucine into protein(s) and tritiated deoxythy- 
midine into DNA at concentrations of 0.79-1.32 pM in L-1210 cells. At  
higher concentrations, incorporation of tritiated uridine into RNA and 
tritiated deoxyuridine into DNA was inhibited to a lesser degree. This 
compound failed to inhibit the enzymes thymidylate synthetase or 
dihydrofolate reductase up to a concentration of lo-‘ M and was inef- 
fective in retarding the growth of the Walker 256 carcinosarcoma in 
rats. 


Keyphrases 0 Mannich bases-derived from conjugated styryl ketones, 
cytotoxicity, murine leukemia L-1210 and Walker 256 carcinosarcoma 
cells, in uitro and in uiuo 0 Antineoplastic agents, potential-Mannich 
bases derived from conjugated styryl ketones, cytotoxicity, murine leu- 
kemia L-1210 and Walker 256 carcinosarcoma cells, in oitro and in oiuo 


1-(3,4-Dichlorophen#4-dimethylaminomethyl-l-nonen-3-one hy- 
drochloride-cytotoxicity against murine leukemia L-1210 and Walker 
256 carcinosarcoma cells, in oitro and in oioo 


Several Mannich bases derived from acyclic a,P-un- 
saturated ketones (I) have shown antitumor and cytotoxic 
activities (1-3). Previous studies showed a correlation 
between cytotoxicity and murine toxicity with mitochon- 
drial function disturbance (4). With the representative 
Mannich bases IIb-IIe, competition with coenzyme &lo 
occurred (5).  The purpose of this study was to discover 
whether these Mannich bases act a t  sites other than mi- 
tochondria or whether the biological activity observed is 
due solely to the effect on mitochondria. 


Since series I compounds may be regarded as biological 
alkylating agents, a class of compounds known to interfere 
with the syntheses of DNA and RNA (6-8) as well as pro- 
tein (9, lo), the effect on the syntheses of these biological 
macromolecules is reported. 


RESULTS A N D  DISCUSSION 


Earlier work from these laboratories, which showed that the established 
biological alkylating agents chlorambucil and cyclophosphamide in- 


I1 
IIa: R, = R, = R, = H  
IIb: R, = R, = H, R, = (CH,),CH, 
I I c :  R,  = 2421, R, = 4-C1, R, = (CH,),CH, 
IId: R, = 24.3, R, = 6-C1, R, = (CH,),CH, 
IIe: R, = 3431, R, = 4421, R, = (CH,),CH, 


hibited DNA synthesis, employed murine leukemia L-1210 and Walker 
ascites carcinoma 256 cells (11,12). The first consideration in the present 
study was to establish whether representative compounds in Series I were 
cytotoxic to these two cell lines. Since IIa-IIe had previously demon- 
strated activity in the KB screen (4,5), an in oitro screen using human 
epidermoid carcinoma of the nasopharynx in Eagle’s medium, these 
compounds were examined for cytotoxicity against the L-1210 and 
Walker 256 cells. Both tumors showed essentially the same sensitivity 
to IIa-IIe with IDSO values (inhibitory doses for 50% reduction in cell 
numbers) in the range of 3.44-3.96 pM.  The most potent compound 
against L-1210 cells was IIe, with an ID60 of 3.46 pM (Fig. 1). This com- 
pound was used in subsequent studies. 


Some reactions involved in the DNA, RNA, and protein syntheses are 
summarized in Scheme I. During the exponential growth phase, cells 
preferentially utilize deoxyuridine for the de nooo synthesis of deox- 
ythymidine monophosphate (13). This reaction is catalyzed by thymi- 
dylate synthetase. An alternative route for deoxythymidine monophos- 
phate synthesis is by direct phosphorylation of deoxythymidine. Deox- 
ythymidine monophosphate, after conversion to its corresponding tri- 
phosphate, is utilized for DNA synthesis (13). Thus, the effect of com- 
pounds on DNA synthesis can be monitored by studying the incorpora- 
tion of either tritiated deoxythymidine or tritiated deoxyuridine. 


Similarly, the effects of biologically active compounds on RNA syn- 
thesis can be investigated by studying their effects on the incorporation 
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thymidylate synthetase deoxythymidine 


deoxythymidine 
deoxyuridine-5'-monophosphate monophosphate diphosphate triphosphate 


+ + 
NS,N1o-methylenetetrahydrofolate dihydrofolate 


DNA 


A. Metabolic pathways leading to the incorporation of deoxyuridine and deoxythymidine into DNA 


DNA dependent 


RNA polymerases 
uridine - ribonucleotides - RNA 


B. Some reactions involved in RNA synthesis 


amino acids (e.g., leucine) - amino acids-t-RNA -- protein 


C. Some reactions involved in protein synthesis 


Scheme I-Simplified schematic representation of reactions involved in the syntheses of DNA, RNA, and protein 


of an appropriate labeled ribonucleoside precursor such as tritiated 
uridine. The ribonucleic acids are synthesized in vivo from four ribonu- 
cleosides, one of which is uridine. These ribonucleosides, after conversion 
to their corresponding triphosphates, are incorporated into RNA under 
the direction of a DNA template. This latter transcription process is 
mediated by DNA-dependent RNA polymerases (14). 


Protein synthesis from amino acids is carried out by a series of complex 
reactions in which RNA, in its different forms, plays a major role in 
peptide bond formation. The present investigation studied the effect of 
1 -(3,4-dichlorophenyI)-4-dimethylaminomethyl-l-nonen-3-one hydro- 
chloride (IIe) on the incorporation of tritiated leucine into protein. 


The effect of IIe on the uptake of the tritiated precursors into the 
corresponding biological macromolecules (deoxyuridine and deoxythy- 
midine into DNA, uridine into RNA, and leucine into protein) is sum- 
marized in Table I. Incorporation of tritiated deoxythymidine and tri- 
tiated leucine was markedly reduced, followed by tritiated uridine and 
tritiated deoxyuridine. Since incorporation of tritiated leucine and tri- 
tiated deoxythymidine was profoundly reduced at the dose levels of 2.64 
pM (Table I), the effect of lower IIe concentrations (1.32,0.79, and 0.26 
pM) on the uptake of these precursors was investigated (Figs. 2A and 2 0 .  


100 


* 8 0 -  


I- 
I' 


a: 6 0 -  


f 20 z 401 
I 
I 
0 I 


2.64 26.4 
0 
0.1 


Ile CONCENTRATION, pM 


Figure 1-Dose-response curve for IZe against L-1210 cells in tissue 
culture. 


The results for the IIe inhibition of tritiated uridine and tritiated de- 
oxyuridine incorporation are shown in Figs. 2B and 2D. 


After 30 min of preincubation with IIe (2.64 pM), tritiated uridine 
incorporation was inhibited by 4 0 %  (Fig. 2B). Increasing either the IIe 
concentrations up to 13.2 pM or the incubation time up to 4 hr did not 
further decrease tritiated uridine incorporation into RNA. Incorporation 
of tritiated deoxyuridine into the DNA of drug-treated cells was inhibited 
only slightly (-30%) even after preincubation for 4 hr with 13.2 pM of 
.IIe (Fig. 2D and Table I). In marked contrast, the rate of tritiated deox- 
ythymidine incorporation into the DNA of L-1210 cells was reduced 
significantly (-90%) a t  1.32 pM (Fig. 2C). Interestingly, the loss of tri- 
tiated deoxythymidine uptake was dependent on the IIe concentration 
in the medium (up to 1.32 pM) and on the incubation time. Similarly, 
tritiated leucine incorporation was depressed by -60% within 10 min of 
preincubation in the presence of 1.32 pM of IIe (Fig. 2A). 


In the presence of IIe, decreased incorporation of tritiated nucleosides 
into the nucleic acids could have been due to: (a) inactivation of the en- 
zymes involved in DNA and RNA syntheses, ( b )  interference with the 
transport of nucleosides into cells, and (c) direct binding with the DNA 
template and destruction of its priming ability. Enzyme inactivation was 
possibly not a major factor because the inhibitory effects on the incor- 
poration of tritiated deoxyuridine and tritiated uridine were not pro- 
portional to the IIe concentration. In addition, IIe failed to inhibit thy- 
midylate synthetase or dihydrofolate reductase up to a concentration of 
low4 M (a concentration -70-fold higher than the amount required to 
inhibit tritiated deoxyuridine incorporation into DNA). 


Decreased incorporation of these nucleosides probably was due to in- 
terference of IIe with the nucleoside transport mechanisms. On the other 
hand, markedly reduced deoxythymidine incorporation obviously was 
due to a combination of IIe effects on tritiated deoxythymidine transport 
and on inactivation of enzymes (such as thymidine kinase or the thymi- 
dylate kinases) involved in the utilization of thymidine for DNA syn- 
thesis. Another possible active site of IIe may be direct binding with the 
DNA template, thus destroying its priming ability. The leucine incor- 
poration rate was inhibited significantly and quickly at very low IIe 
concentrations. The site of action of IIe was probably interaction with 
some enzymes involved in protein synthesis. 


These results indicate that a new biological alkylating agent, IIe, 
markedly inhibits DNA and protein syntheses a t  low concentrations, 
while RNA synthesis is also retarded, although to a lesser degree. Since 
a,/3-unsaturated ketones are known to react with thiols (9, 15-18), IIe 
may be a general sulfhydryl alkylator which accounts, in part at least, for 
the observed inhibition of DNA, RNA, and protein syntheses. The effect 
of IIe is, however, in contrast to the established biological alkylating 
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Figure 2-Effects of I le  treatment on the incorporation of  labeled precursors into macromolecules. Dose-response curues in the presence of IIe 
for: tritiated leucine ( A )  at 0.26 pM (O) ,  0.79 pM ( O ) ,  and 1.32 pM (0); tritiated uridine ( B )  at 2.64 pM (O), 7.93 pM (A), and 13.2 pM (V); tritiated 
deoxythymidine ( C )  at 0.26 pM ( O ) ,  0.79 pM (o), and 1.32 pM (0); and tritiated deoxyuridine ( D )  at  2.64 pM (O), 7.93 pM (V), and 13.2 NM 
(0). 


agents chlorambucil and cyclophosphamide, which affect DNA synthesis 
only at  low concentrations (11,12). 


Finally, the in uitro studies showed that IIe along with other Mannich 
bases IIa-IId were cytotoxic to both L-1210 and Walker 256 cells in uitro. 
A previous report revealed that intraperitoneal administration of IIb-IIe 
did not produce perceptible increases in the mean survival time of mice 
inoculated with L-1210 leukemia (1). Therefore, it was of interest tosee 
whether IIe would display in uiuo activity against the Walker 256 tumors 
in rats, a tumor susceptible to a number of biological alkylating agents 
(19). Prolongation of the lifespan of animals bearing the Walker tumor 
did not occur a t  the maximum tolerated dose (25 mg/kg). At this dose, 
there was some evidence of toxicity, as manifested by loss of weight and 
diarrhea. 


EXPERIMENTAL 


Syntheses-The I1 compounds were prepared by literature procedures 
(1,20). 


Cell Cultures-The stock cultures of Walker ascites carcinosarcoma 
256l and L-12102 cell lines were cultured in Fischers medium containing 
10% horse serumsand were incubated at 37' in a humid carbon dioxide 
(5%) atmosphere. The mean generation time of the cells was determined 
by diluting the actively growing cells with growth medium to 1.84 X 106 
cells/ml in 10O-mm petri dishes. Cell counts4 were made a t  24,48, and 


Table I-Percentage Inhibition by IIe of the Incorporation of 
Tritiated Deoxyuridine and Tritiated Deoxythymidine into 
DNA, Tritiated Uridine into RNA, and Tritiated Leucine into 
Protein by Cultured L-1210 Cells 


~ ~~~ 


Tritiated Tritiated 
Dose, Deoxy- Deoxy- Tritiated Tritiated 
rM uridine thymidine Uridine Leucine 


2.64 20 _. . -. 


7.93 29 
13.2 27 


84 
90 
86 


49 71 
66 78 
59 79 


Obtained from Professor J. R. Bertino, Department of Pharmacology, School 
of Medicine, Yale University, New Haven, Conn. * Obtained from Dr. A. R. Paterson, Cancer Research Unit, University of Alberta, 
Edmonton, Canada. 


3 Grand Island Biological Co., New York, N.Y. 
Model FN Coulter counter, Coulter Electronics, Hialeah, Fla. 


72 hr. Under these conditions, the mean generation time was 16 f 1 hr 
for both cell lines. Determinations were undertaken in duplicate. 


Cell Growth Inhibition-The cytotoxicity of the I1 compounds 
toward L-1210 and Walker 256 cells was investigated as follows. Solutions 
of the compounds at  twice the concentrations required were prepared 
by dissolving in water immediately prior to use, and each solution was 
sterilized by passage through a 45-pm filter5. The actively growing cells 
were diluted to 3.68 X 106 cells/ml with growth medium (10 ml), and the 
test compound solution (10 ml) was added to the cells. 


The petri dishes were incubated at  37' in a 5% carbon dioxide atmo- 
sphere. The cell count4 after 48 hr, expressed as a percentage of the 
control cell count, was plotted against drug concentration for 10 different 
concentrations of each compound. From the graph, the drug concentra- 
tion giving 50% of the control cell count (IDSO) was obtained. All deter- 
minations were carried out in duplicate. 


Effect of IIe on Incorporation of Tritiated Deoxythymidine, 
Tritiated Deoxyuridine, Tritiated Uridine, and Tritiated Leu- 
cine-Incorporation of the appropriate labeled precursor6 into macro- 
molecules was studied by a modification of the published procedure (21, 
22) using L-1210 cells. A cell suspension (0.8 ml) containing 2.0-2.3 X 106 
cells was placed in sterile plastic tubes, and a IIe solution was added to 
give the desired final concentrations. The cell suspensions were incubated 
at 37' in a 5% carbon dioxide atmosphere. 


A t  regular intervals of 0.5,1.0,2.0, and 4.0 hr after contact with IIe, 0.1 
ml of tritiated deoxythymidine (3.0 pCi, 6.52 X M), tritiated de- 
oxyuridine (3.0 pCi, 8.33 X 
M), or tritiated leucine (3.0 pCi, 2.8 X M) was added to the tubes, 
and the samples were reincubated a t  37O. In another set of experiments 
involving leucine incorporation, the cells were left in contact with IIe for 
only 10,20, and 30 min before the tritiated leucine addition (3.0 FCi, 2.8 
X M). An aliquot of the cell suspension (0.2 ml from each sample) 
was removed at intervals of 5,10, 15, and 20 min and added to ice-cold 
trichloroacetic acid (lo%, 5 ml). The resultant suspension was mixed7, 
left overnight a t  4O, and centrifuged for 20 min at  4' at 3000 rpm. 


The supernatant liquid was discarded, and the precipitate was washed 
three more times with cold trichloroacetic acid (lo%, 5 ml) to remove 
unadsorbed radioactivity. The precipitate was dissolved in a solubilizela 


M), tritiated uridine (3.0 pCi, 5.7 X 


Millipore. 
Amersham/Searle. Oakville, Ontario, Canada. 
Vortex mixer, Fisher Scientific Co., Edmonton, Alberta, Canada. 
NSC, Amersham/Searle, Oakville, Ontario, Canada. 
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(0.5 ml) and diluted with scintillation fluidY (12 ml), and the amount of 
radioactivity incorporated into DNA, RNA, or protein was counted using 
a liquid scintillation counterlo. The results were expressed as the per- 
centage of labeled precursor incorporated by treated cells divided by that 
of control cells. All determinations were carried out in duplicate. 


Enzyme Studies-Enzyme Isolation-Frozen Walker 256 tumors 
(200 g) were cut into small cubes (1-2 cm), suspended in 500 ml of TKEM 
buffer (pH 7.0,50 mM tromethamine hydrochloride” containing 100 mM 
of potassium chloride, 1 mM of edetqte disodium, and 10 mM of mer- 
captoethanol) and homogenized for 90 sec in a blende9. The resulting 
homogenate was centrifuged at  22,OOOXg, and streptomycin sulfate SO- 


lution (20%) was added dropwise with constant stirring a t  the ratio of 1 
m1/100 ml of extract. After 30 min, the mixture was centrifuged, and the 
precipitate was discarded. 


Solid ammonium sulfate was added to the supernatant liquid gradually 
with constant stirring to 35% of saturation, and the precipitate was re- 
moved by centrifugation. The ammonium sulfate concentration was 
raised to 55% of saturation and stirred for 30 min, and the precipitate was 
collected by centrifugation (Fraction I). Additional ammonium sulfate 
was added slowly to 95% of saturation, and the precipitate was removed 
by centrifugation (Fraction 11). Both fractions were stored frozen at  -65’. 
Approximately 80-90% of the total thymidylate synthetase and dihy- 
drofolate reductase activity was recovered in Fractions I and 11. 


Enzyme activities were stable in the frozen state up to 3 months. A 
small quantity of the precipitate of Fraction I or I1 was dissolved in the 
minimum quantity of TKEM buffer, dialyzed against the same buffer 
for 4 hr, and centrifuged, and the supernatant liquid was used for enzyme 
assays. 


Enzyme Actioities-Thymidylate synthetase activity was assayed by 
a modified procedure (11) of Wahba and Friedkin (23), and dihydrofolate 
reductase activity was measured by the method of Perkins et al. (24). 
Reactions were initiated by the addition of substrates. Corrections were 
made for blanks, and all assays were carried out in duplicate. 


Thymidylate Synthetase and Dihydrofolate Reductase Inhibition 
by Ile-An enzyme sample of Fraction I or 11 was incubated with varying 
IIe concentrations along with the assay components (except substrate) 
for 30 min a t  22 or 37’. The reaction involving thymidylate synthetase 
was initiated by deoxyuridine monophosphatelo addition, and the 
dihydrofolate reductase reaction was initiated with dihydrofolic acid 
prepared from folic acid by a literature method (25). 


Effect of ILe on Growth of Walker Ascites Carcinosarcoma 
256-Tumor Transplantation-Six-week-old male Wistar rats13, 
140-160g, were used for all experiments. The tumor was propagated by 
regular transplantation every 10 days as described previously (11). The 
tumor size was measured on alternate days, and the tumor weight was 
calculated as described earlier (11). 


Treatment Schedule-Fresh solutions of IIe in saline were sterilized 
by passage through a 45-pm filter5 and used immediately. The concen- 
trations were adjusted so that 0.2-0.3 ml of solution was administered 
at  each dose. Treatment commenced on Day 8 after tumor transplanta- 
tion, when the size of the tumor was 16-18 mm. Compound IIe was ad- 
ministered a t  doses of 5, 10, 15, and 25 mg/kg ip while control animals 


The scintillation fluid consisted of 2,5-diphenyloxazole (5.0 g), 4-(methyl-5- 
phenyloxazoly0benzene (75 mg) (obtained from Amersham/Searle, Oakville, On- 
tario, Canada), and scintillation rade toluene (1 liter) (obtained from Fisher Sci- 
entific Co., Edmonton, Alberta, tanada). 


lo Model 300, Isocap, Searle Analytical Inc., Chicago, Ill. 
l 1  Sigma Chemical Co., St. Louis, Mo. 


l 3  Canadian Breeding Firm and Laboratories Ltd., Quebec, Canada. 
Osteriser, Oster Cor Milwaukee, Wis. 


were given the same volume of solvent. Six to eight rats were used for each 
dose. 
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Abstract  The ionization kinetics of carbon acids are slow relative to 
those of classical acids and bases. Phenindione (2-phenyl-1,3-indandione) 
is a 1,3-diketone carbon acid of macroscopic experimental pKa 4.09 a t  
25' and ionic strength 0.1. The ionization kinetics of phenindione were 
determined a t  an ionic strength of 0.1 and 25' using stopped-flow spec- 
trophotometry and a pH jump technique. A log kbb-pH profile for the 
approach to the ionization equilibrium was determined, and a mechanism 
consistent with the profile was postulated. The percent enol uersus diketo 
form of phenindione and the pKaenol and pK~ik,, were calculated from 
the kinetic data. Phenindione acid deprotonation kinetics by various 
oxygen and nitrogen bases suggested that, with bases of pKa 4.7-8.5 and 
in the pH 5-8.5 range, the acidic phenindione proton was -45% trans- 
ferred in the rate-determining transition state. 


Keyphrases 0 Phenindione-ionization kinetics, stopped-flow spec- 
trophotometric and pH analysis, model Anticoagulants-phenindione, 
ionization kinetics, pH o Kinetics, ionization-phenindione 


Phenindione (I)  (Z-phenyl-1,3-indandione) is an anti- 
coagulant used in patients where the more popular anti- 
coagulants are contraindicated. It is a 1,3-diketone carbon 
acid [lit. pKa 4.13 ( l ) ,  4.10 (2), 5.4 (3)j. Recent work (4,5) 
suggested that some of the nonclassical phase transport 
behavior of another carbon acid, phenylbutazone, might 
be accounted for by its relatively slow ionization rate. 
Noninstantaneous ionization is a characteristic of some 
carbon acids (6-10). 


The ionization kinetics of phenindione have not been 
studied previously, although the ionization kinetics of 
other carbon acids of much higher pKa's than those of 
phenindione and phenylbutazone have been well docu- 
mented in the chemical literature (6-24). The  immediate 
objective of this study was to determine the kinetics and 
mechanism of ionization of phenindione and to compare 
its behavior to that of phenylbutazone. Studying the ki-  
netics and mechanism of ionization of a number of carbon 
acids of varying acidity might permit accurate prediction 
of the ionization kinetics of other pharmaceutically sig- 
nificant carbon acids. The ultimate objective is to use this 
information, combined with current ongoing mass trans- 
port studies, to predict the effect of noninstantaneous 
ionization kinetics on the mass transport behavior of' car- 
bon acids. 


EXPERIMENTAL 


Materials-Phenindione' was used as received. All reactions and pKa 
determinations were carried out in double-deionized, carbon dioxide-free 
water, freshly deoxygenated with oxygen-free nitrogen. The sodium 
chloride used to adjust the ionic strength was analytical reagent quality 
and was used without further purification. Hydrochloric acid, acetic 
acid-acetate, phosphate, and imidazole buffers were prepared with an- 
alytical grade components without further purification. 


Pyridine, 3-methylpyridine (3-picoline). and morpholine were freshly 
purified by fractional distillation from potassium hydroxide pellets and 
stored over molecular sieves. A buffer component, 4-methoxypyridine, 
was prepared by the catalytic reduction of 4-methoxypyridine-N-oxide' 
using a literature method (25) for the reduction of 4-ethoxypyridine- 


0 


I 


N-oxide to 4-ethoxypyridine. 
pKa Determination-The pKa of phenindione was determined 


spectrophotometrically3 (26) a t  326 nm and the same temperature and 
ionic strength conditions as in the kinetic studies, i.e., 25 f 0.2" and p 
= 0.1 (sodium chloride). The pKa's of the various buffers used in the 
kinetic studies were determined potentiometrically using a pH meter4 
standardized with a standard buffer to a pH near the expected buffer 
component pKa (26). 


Kinetic Studies-The procedures used to follow phenindione ion- 
ization kinetics were similar to those previously described for phenyl- 
butazone (4). The reactions were followed a t  326 nm, and the initial 
phenindione concentration was 1 X M. A t  a pH where the primary 
reaction was the protonation of the mesomeric phenindione anion to 
phenindione acid, phenindione a t  pH -7 was jumped to acidic pH (hy- 
drochloric acid buffer or acetate buffer). At a pH where the primary re- 
action was the phenindione acid deprotonation to the mesomeric anion, 
phenindione in an aqueous solution of p = 0.1 and with pH adjusted to 
-4 with hydrochloric acid was jumped to the final pH by mixing with a 
buffer of desired final pH but double the desired final concentration. 


The pH values after solution mixing were determined independently 
by mixing equal volumes of the phenindione solution and the buffer 
component. In most cases, the final pH was identical to that of the buffer 
solution. The exceptions were the most dilute morpholine buffer con- 
centrations (see Results and Discussion), the hydrochloride acid buffer 
(final hydrochloric acid concentration was half the initial concentration), 
and one study where an unbuffered phenindione solution (pH -4) was 
mixed with a very dilute sodium hydroxide solution (2 X M). In this 
last case, the final pH was 8.91, even though the pH was expected to be 
closer to 10. The pH's used to construct the pH profile (Fig. 1) for the 
hydrochloric acid solutions and the sodium hydroxide solution were those 
measured experimentally. 


RESULTS AND DISCUSSION 


Figure 2 shows the phenindione UV spectrum under basic as well as 
acidic conditions, 0.1 M NaOH and 0.1 M HCI, respectively. The strong 
hathochromic shift from acidic to hasic pH conditions is due to the ex- 
tended conjugation on ionization, i.e., coupling of the two phenindione 
phenyl rings through the enolate double bond (1). The macroscopic 
dissociation constant of phenindione was determined hy observing the 
change in absorbance of a 1 X M phenindione solution (25" and p 
= 0.1) a t  pH 1 (0.1 M HCI), in the pH 2-6 range (acetate buffer), and a t  
pH 13 (0.1 M NaOH). 


The K, was determined from a plot of ( A  - Ao) [H+I uersu.9 A as de- 
scribed previously (41, where A is the phenindione absorbance at  a given 
hydrogen-ion concentration, [H+], and A,) is the phenindione absorbance 
under acid conditions, i.e., with the ionization completely suppressed 
(0.1 M HCI). The K, under the experimental conditions was 8.13 X 
giving a pKa of 4.09. This value compares favorably with the literature 
pKa values (1-3) when differences in ionic strength and solvent compo- 
sition are considered. 


Table I gives the observed rate constants, kobu (sec-"), for phenindione 
ionization kinetics under various pH and buffer concentrations. All ob- 
served rate constants are the mean of three or more determinations. Also 


~~ _____ ~ 


1 Pfaltz and Hauer, Flushing, N.Y. 
Aldrich Chemical Co , Milwaukee, Wis. 


:j Cary 15, Cary Instruments, Monrovia, Calif. 
4 Model 701, Orion Research. Cambridge, Mass 
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Table I-Effect of pH a n d  Buffers on the Ionization Kinetics of Phenindione at 25 f 0.2" and  = 0.1 with Sodium Chloride 


Buffer (pKa; Concentration Range; Number 
of Concentrations Studied) 


1.62 
1.65 ~~ 


2.04 
2.05 
2.05 
2.68 
2.66 
2.94 
3.06 
3.09 
3.45 
5.00 
6.00 
6.50 
7.00 
5.00 
6.00 
6.20 
6.80 
7.00 
7.50 
7.00 
7.50 
8.00 
8.50 
7.00 
7.50 
8.91 


Hydrochloric acid (NAb; 0.024 M ;  NA) 
Hydrochloric acid (NA; 0.022 M ;  NA 
Hydrochloric acid (NA; 0.009 M; NA) 
Hydrochloric acid (NA; 0.009 M ;  NA) 
Hydrochloric acid (NA; 0.009 M; NA) 
Hydrochloric acid (NA; 0.0026 M; NA) 
Hydrochloric acid (NA; 0.0025 M; NA) 
Hydrochloric acid (NA; 0.00115 M; NA) 
Hydrochloric acid (NA; 0.00087 M; NA) 
Hydrochloric acid (NA; 0.00081 M; NA) 
Hydrochloric acid (NA; 0.00035 M, NA) 
Acetate (4.70; 0-0.05 M;  4) 
Acetate (4.70; 0-0.05 M; 4) 
3-Methylpyridine (5.75; 0-0.05 M; 4) 
3-Methylpyridine (5.75; 0.03 M; 3) 
Pyridine (5.28; 0-0.05 M ;  3) 
Pyridine (5.28; 0-0.05 M ;  4) 
4-Methoxypyridine (6.64; 0-0.04 M; 4) 
4-Methoxypyridine (6.64; 0-0.04 M; 4) 
Imidazole (7.10; 0-0.05 M, 3) 
Imidazole (7.10; 0-0.025 M, 5) 
Morpholine (8.53; 0-0.035 M ;  3) 
Morpholine (8.53; 0-0.035 M; 3) 
Morpholine (8.53; 0-0.01 M; 5) 
Morpholine (8.53; 0-0.008 M; 4) 
Phosphate (6.75; 0-0.0165 M; 3) 
Phosphate (6.75; 0-0.0165 M, 3) 
Sodium hydroxide (NA; 1 X M ;  NA) 


262 
258 
198 
206 
190 
112 
97 
63 
54 
50 
28 
6.3 
6.0 
7.1 
6.8 
8.1 
6.9 
6.9 
7.0 
9.1 
4.7 
7.5 
6.0 


13.2 
26 
5.0 
7.9 


61 


NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 


938 f 48 
845 f 18 


4475 f 128 
4900 f 56 
803 f 10 


2489 f 54 
1797 f 58 
3694 f 127 
2407 f 94 
4310 f 131 


122 f 61 
3660 f 1 


12150 f 240 
26500 f 288 
2271 f 216 
2615 f 26 


NA 


a Experimentally measured final pH. NA = not applicable. 


included in this table are the observed rate constants extrapolated to zero 
buffer concentrations, k o b  (sec-I), obtained from plots of k o b  versus total 
buffer concentration. Figure 1 is a plot of log k o b  versus pH from the 
phenindione ionization. 


A possible mtdel for phenindione ionization kinetics is given in Scheme 
I .  where K is the diketo form of phenindione and the predominant neutral 
lorm of phenindione in aqueous solution ( l ) ,  E is the enol form of phen- 
indione, and E- is the so-called mesomeric anion (7). The macroscopic 
dissociation constant for phenindione is defined by: 


(Eq. 1) 


which can be rearranged to: 


(Eq. 2) 
1 +- 1 I -=- 


Ku Ka,diketo &end 


100 - 
80 - 
60 - 


'v 40- 


- 30- 


2 0 -  


- 
- - 


P 
1; 


- 0  


10 - 
8 -  


6-  


4 -  


- 
5 -  00 


3~ ; i A b ;i + A b 9 '0  
PH 


Figure 1-Log kihs versus pH for the establishment of the ionization 
equilibrium for phenindione. The broken lines at pH > 7 represent ks 
having the limits of 106-107 M - '  SPC-I. The lack of reproducibility of 
the data at pH > 8 precludes placing an accurate value on k3. 


Equation 2 shows the relationship between the macroscopic dissociation 
constant, K,,, and the microscopic constants, Ka.dikem and Ka,enoi. The 
percent enol present in aqueous solution will be defined by the relative 
values Of &.diketo and &enol. The percent enol is defined by: 


which can be rearranged to: 


(Eq. 3) 


(Eq. 4) 


The assumption can be made that  the equilibrium defined by Ka.enol is 
rapid and instantaneous5 (7). The rate constant kl represents the 
water-catalyzed phenindione deprotonation, k3 is the hydroxide-ion- 
catalyzed deprotonation rate constant, and  kc^ is the general base-cat- 
alyzed deprotonation rate constant. The constant kp represents the hy- 
dronium-catalyzed protonation constant, i .e.,  the addition of a proton 
a t  C-2 of the mesomeric anion; k4 is the water or spontaneous protonation 
rate constant, and ~ G A  is the general acid-catalyzed protonation rate 
constant. 


l . O t  L\ I 


Figure 2-Phenindione ( 1  X 
(upper curue) and in 0.1 M HC1 (louer curue). 


M) UV spectrum in 0.1 M NaOH 


The word instantaneous is used to describe phenomena taking place at rates 
near the diffusion-controlled limit. 
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Table 11-Final pH af ter  Mixing Equal Volumes of the Initial 
Morpholine Buffer Solution (Double the  Final Concentration) 
with the Phenindione Solution 


Initial Buffer 
PH 
8.00 
8.00 
8.00 
8.00 
8.00 
8.50 
8.50 
8.50 
8.50 
8.50 


Buffer Concentration Measured Final 
(after Mixing), M PH 


2 x 10-3 7.80b 
4 x 10-9 7.94 
6 X 7.98 
8 X 8.00 


10 x 10-3 8.00 
2 x 10-3 8.44b 
4 x 10-3 8.49 
6 X 8.50 
8 X 8.50 


10 x 10-3 8.50 
~ ~ ~~~~ ~ 


Aqueous phenindione solution of p = 0.1 with sodium chloride and added hy- 
drochloric acid sufficient to give a pH of -4. As expected, both of these buffers 
gave negative deviations in plots of koh uersus  buffer]^ so neither was used in the 


CAT calculations. 


With the assumption of Scheme I, an equation for the approach to the 
ionization equilibrium can be derived for any perturbation of that equi- 
librium (4): 


For example, if a pH - 7 phenindione solution is perturbed rapidly (in 
the stopped-flow apparatus) to pH - 2, the first reaction is the instan- 
taneous protonation of the mesomeric anion to the end,  E, and eventually 
(at equilibrium) to a mixture of the enol and diketo phenindione forms. 
Similarly, an acidic phenindione solution perturbed to alkaline pH in- 
volves primarily the deprotonation of the diketo phenindione and the 
small fraction of enol to the mesomeric anion. The observed buffer in- 
dependent rate constant for the attainment of equilibrium, kob. is the 
sum of both the forward and reverse rate constants because the system 
under study is a reversible reaction. 


UV spectroscopic studies (1) showed that phenindione exists pre- 
dominantly in its diketo form in aqueous solution. This means (Eq. 4) 
that pKadiketo >> pKaenol so that pKadik,t, - pKa and pKaenol << 4.09. 
From Fig. 1, phenindione deprotonation to form the anion, i.e., pH > 
pKadikeb, the kbhs can be given by: 


(Eq. 6) 


and since >> [H+] a t  the pH's in question, Eq. 6 simplifies to: 


kbb = (kl + k4) + k~ [OH-] (Eq. 7) 


As discussed previously (4), k4 is negligible relative to k 1, so the plateau 
seen in Fig. 1 in the pH 5-7.5 range is essentially due to k 1. The constant 
k l  calculated as the mean values of k& in the pH 6.0-7.0 range was 6.9 
sec-I. 


0 


K 


Ka.diketo 


0 
I! k A 


OH 


0 
E 


Table 111-Kinetic and  Equilibrium Constants fo r  Phenindione 
Ionization at 25" and  p = 0.1 with Sodium Chloride 


Parameter Value 


6.9 sec-' 
6.5 X 104 M-' sec-' 
-6 X lo6 M-' sec-' 


-5.5 x 10-4 sec-1 
4.24 X ( p K ~ , , ~ i  = 2.37) 
1.06 X (pKa = 3.97) 
1.03 X (pKa = 3.99O) 
8.13 X (pKa = 4.0g6) 
2.4 


(I Determined kinetically. Determined spectrophotometrically. 


The limited number of points and the questionable accuracy of the 
unbuffered hydroxide-ion solution reaction given on the last line of Table 
I allow only a crude k 3  estimate of between 106 and lo7 M-I sec-l. For 
the sake of fitting the observed data to Eq. 5,6 X lo6 M-' sec-I was used 
for kn. In an earlier study with phenylbutazone (4), borate buffers, which 
are poor proton-abstracting agents, were used a t  pH 8.5-9.5. Recent 
papers and some earlier work suggested that the ionization kinetics of 
borate buffers themselves are slow (27-33). This then raises the question 
as to what was the microscopic pH upon perturbing an acid solution of 
the carbon acid to an alkaline pH maintained with a borate buffer. 


In the present study, when a borate buffer study was undertaken in 
the pH 8.5-9.5 range, an estimate of k3 of closer to 1 X lo6 A 4 - I  9ec-I was 
made. This would suggest that the earlier k3 estimate for phenylbutazone 
deprotonation by hydroxide ion may be low. Unfortunately, other tech- 
niques for following fast reactions cannot he applied to the deprotonation 
reactions in question. Even though k,,t,$ is in the measurable range (by 
stopped-flow spectrophotometry) a t  pH 8-9, the pH after mixing must 
be maintained with a buffer of sufficient buffer capacity. Normally, the 
buffer concentration is varied and plots of kobs uersus buffer concen- 
trations are extrapolated to zero buffer concentration to obtain kbb. This 
approach was attempted with morpholine buffer a t  pH 8.00 and 8.50 
(Table I) and Concentrations after mixing of below 1 X 10-2 M. 


Table I1 gives the final pH values after the morpholine buffers were 
mixed with the phenindione solution (pH - 4 with hydrochloric acid). 
A t  the low buffer concentrations, significant pH alterations, affecting 
both the hydroxide-ion concentration and the fraction of total morpholine 
present in the the unionized state, occurred. Higher buffer concentrations 
or stronger bases could not be used because the deprotonation reaction 
became too rapid to be followed by stopped-flow spectrophotometry. The 
phenindione solution had to be somewhat acidic so that sufficient spectral 
alteration would occur as a result of the pH perturbation to allow the 
reaction to be followed spectrophotometrically. 


At pH < 8, the kaIOH-1 term is negligible and, since k 4  is small relative 
to all other terms: 


which can be rearranged to: 


(Eq. 8) 


10-2 
IH'1 
- 


Figure 3-Plot used to  determine k p  and Ka.enor for phenindionr ion- 
ization ( E q .  9 and Scheme I ) .  Scheme I 
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predicting that a plot of the left side of Eq. 9 against l/[H+] should give 
a straight line of slope 1 / k l  and intercept l/kzK,,eno~, thus allowing both 
kp and Kn,enol to be calculated. Such a plot for phenindione is shown in 
Fig. 3. The calculated values of k p  and Ka,enol are 6.5 X 104 M-l sec-' and 
4.24 X 


According to Scheme I, the equilibrium ionization constant for diketo 
phenindione is: 


M, respectively (pKhn01 = 2.37). 


Having determined Ko,eno~ and Ko,dikeb and using Eq. 4, the enol was 
calculated at  2.4%. 


Table I11 summarizes the kinetic and equilibrium constants calculated. 
The values for rate constants from Table I11 were placed into Eq. 5 to 
generate a theoretical c w e  for phenindione ionization kinetics at various 
pH's, assuming the mechanism shown in Scheme I. The solid line drawn 
in Fig. 1 is the line generated by Eq. 5 and the appropriate values in Table 
111. Apparently, Eq. 5 and Scheme I adequately describe the observed 
values, although other mechanisms may be possible (4). 


A comparison of the values of k l  and k2, the two most accurately de- 
termined rate constants for both phenylbutazone and phenindione, 
highlights some interesting points. The lower pKa of phenindione relative 
to phenylbutazone, 3.99 uersus 4.33, is due to changes in both k l  and kp.  
A priori, based on the strength of the acids, k l  for phenindione (the 
stronger acid) would be expected to be greater than that for phenylbu- 
tazone. Such is not the case. The constant k l  has a value of 6.9 sec-l for 
phenindione compared to 10.1 sec-l for phenylbutazone. The small dif- 
ferences in kl, -30%, are more than compensated by the differences in 
k2. The constant k2 has a value of 6.5 X lo4 M-' sec-l for phenindione 
relative to 2.1 X lo5 M-' sec-' for phenylbutazone. The greater acidity 
of phenindione relative to phenylbutazone is controlled not by how 
readily the acid gives up its proton but by the ability of i ts  base form to 
accept a proton. 


Equation 5 appears to describe adequately phenindione protonation 
and deprotonation kinetics in the absence of buffer species capable of 
acting as general acids and bases. In the presence of acids and b a m  other 
than the water species, the observed rate constant for the approach to 
the ionization equilibrium after a pH perturbation would be given by: 


and since at pH > 4, K, , e , ,~  >> [H+], Eq. 11 reduces to: 


kobs = kbbs + kctllGB1 + kcA[GA] 


kobs = kob + kCAT  buffer]^ 


(Eq. 12) 


(Eq. 13) 


where kCAT is the observed catalytic rate constant for any buffer a t  any 
given pH value. This is equal to: 


 CAT = kc$ + ~ G A  (1  - f )  (Eq. 14) 


kcAT = / h e  - kcA) t kcA (Eq. 15) 


where f is equal to the fraction of total buffer species in the base form and 
(1 - f )  is the fraction of total buffer species in i ts  acid form at  any given 
pH. For any given singly dissociating buffer species with a known disso- 
ciation constant, f can be calculated from: 


[H+l 
Kb t (H+] f =  (Eq. 16) 


where Kb is the dissociation constant of the conjugate acid form of the 
huffer. Equation 13 predicts that a plot of kobs uersus total buffer con- 
centrations, [huffer]~, would he linear with slope kCAT and intercept kbb. 
A plot of   CAT uersus f is predicted from Eq. 15 to be linear with an in- 
tercept at f = 0 of k ( ; ~  and an intercept at f = 1 of ~ G H .  With the buffers 
studied, acetate, phosphate, pyridine, 3-methylpyridine, 4-methoxy- 
pyridine, imidazole, and morpholine, all plots of k o b  uersus total buffer 
concentration were linear. From plots of kCAT uersus f, for all cases except 
acetic acid, kcA was negligible relative to  kc^. When a small or even 
slightly negative intercept at f = 0 was seen from plots of kCAT uersus f, 
kce was calculated from kcAT/f and the mean values of k c B  for the var- 
ious bases calculated at  different pH's are recorded in Table IV. Table 
IV is a compilation of the calculated  kc^ and kce values for all of the 
buffers and water species. 


A Brdnsted plot (19,23,34) of log  kc^ uersus the pKa"s of the various 
buffers is given in Fig. 4. When studying a limited number of bases (ac- 
etate through morpholine in the present study) for a reaction catalyzed 
by general bases, apparent linear Brdnsted plots usually result (19,231. 


Table IV-Calculated ~ G A  and ~ G B  


Buffer (pKa) 


HsO+ (-1.74) 
H20 (-1.74 


and 15.74)O 
Acetic acid (4.70) 
Pyridine (5.28) 
3-Methylpyridine (5.75) 
4-Methoxy yridine (6.64) 
Imidazole 8.10) 
Morpholine (8.53) 
Phosphoric acid (2.12) 
Phosphoric acid (6.75) 
OH- (15.74) 


6.5 X 104 


X 10-4/55.5) 
1161 
263 


1 x 10-5 (5.5 


-c 
C 


C 


C 


- 
- 
- 


1223d 
- 


- 
1.24 X 10;' 
(6.9/55.5) 


828 
3635 
5210' 
6458' 
5728' 


48123c 
1223d 
2861d 


6 X lo6 
When H20 is acting as a base, its conjugate acid is H30+. When H20 is acting 


as an acid, its conjugate base is OH-. * From the kinetic study, it was possible to 
calculate the rate constants for H20 acting both as an acid and a base. Plots of 
kcAT uersuq gave either negligible kCA values or slightly ne ative values. Therefore, 
k c r ,  was calculated as the mean value for k c ~ ~ / f  for each p% studied. This refers 
to H2PO; acting as either a general acid or a general base. Because of this ambiguity, 
the point for HzPOi-was not included in Fig. 4. It is not ossible to determine in 
what capacity H2P0, 18 acting. Although HP0:- is capage of acting either as an 
acid or a base, it is more likely acting as a base. 


It is becoming increasingly obvious that over a more extensive range of 
bases, nonlinear Brdnsted plots, especially for the ionization kinetics of 
carbon acids, are more the rule than the exception (6, 7, 19, 23). The 
reason behind the nonlinearity was first discussed by Eigen (7) and 
quantitated recently by the Marcus theory (23,35). 


The Marcus theory of general base catalysis suggests that a quadratic 
fit to the Bransted plot is more accurate and reflects more closely the 
mechanism of such catalysis. The solid curved line drawn through the 
points in Fig. 4 is the quadratic fit6 to the data. The number of bases 
studied in the present work was limited by the speed of the reaction. Of 
course, the catalytic effect of water acting as a base could be determined 
because of its high intrinsic concentration (55.5 M), and hydroxide-ion 
catalysis could be approximately determined because its effective con- 
centration could be determined from pH measurements. 


The solid curved line in Fig. 4 is described by: 


log kce = -1.36 X pKa'2 
+ 6.25 X lo-' pKa' + 2.76 X 10-I (Eq. 17) 


Differentiation of Eq. 17 would give the slope of the line at any point and 
is described by Eq. 18. For a Brdnsted plot, the slope for general base- 
catalyzed reactions is given the designation 8: 


&(log "') = -2.72 X pKa' + 0.625 (Eq. 18) 
= d(pKa') 


The B@nsted plot resulting from the present study could just as easily 
be described by a linear plot, with the Hz0 term and the OH- term giving 


m 
c) c 
ul - 


-21 I I I I I I 1 1 I 
-2 0 2 4 6 8 10 12 14 16 


pKa' 


Figure 4-Log kcB versus pKa' for phenindione deprotonation by 
uarious general bases of varying pKa. Key: 1, water; 2, acetate; 3, pyri- 
dine; 4, 3-methylpyridine; 5, 4-methoxypyridine; 6,  monohydrogen 
phosphate; 7, imidazole; 8, morpholine; and 9, hydroxide ion. 


6 Least-squares 
statistic module. 


analysis; TI59 programmable calculator utilizing the solid-state 
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negative deviations from the linear plot. Such a plot would be given by 
the solid straight line in Fig. 4. The slope of the line is 0.45. 


The Marcus theory states that  when the pKa’ of the general base is 
equal to the carbon acid pKa, p, the slope of the Brgnsted plot, should 
be equal to 0.5. Substitution of 3.99 for the phenindione pKa into Eq. 18 
gives a /3 value of 0.52. Kresge (23) and Hupe and Wu (19) recently at- 
tempted to interpret the nonlinear Brgnsted plots often seen for the 
ionization of various carbon acids. The Marcus theory (35) for such cur- 
vature relates the free energy of activation, AG #, for the proton transfer 
process to the energy required to bring the reactants together, Wr, and 
the intrinsic energy involved in the proton transfer, (1 + 
A G Q / ~ A G , ~ ) ~ A G , ~ ,  as defined by Eq. 19. The term AGO is the free energy 
for prot.on transfer a t  equilibrium, and AGC is the free energy of acti- 
vation for the proton transfer when AGO = 0. That is, AGO is equal to zero 
when the pKa’ of the general base is equal to the pKa of the carbon 
acid: 


AGf = (1 + A C O / ~ A G ~ ) ~ A G $  + Wr (Eq. 19) 


The term ACo can he calculated from: 


AGO = -RT In(Kb/K,) (Eq. 20) 


From the quadratic fit to the general base data (Eq. 17),  kc^ a t  pKa’ 3.99 
was calculated to he 357 M-I sec-I; AGf,  calculated by solving for AG# 
from: 


k(;” = 101‘2.74 e - A G * / R T  (Eq. 21) 


is equal to 13,899 cal/mole (-13,900 cal/mole). It is possible to relate the 
first coefficient (pKa’* term) of Eq. 17, a ,  directly to the term ACg 
through (23): 


2.303RT 
16AC: 


0 =- (Eq. 22) 


thus allowing AGf to be calculated. A value of -6300 calhole  was thus 
determined for AGg. Having calculated AGC as -6300 ca lho le  and 
AG# as -13,900 calhole,  a t  pKa’ = pKa, Wr can be estimated as -7600 
cal/mole. By using the values for AG; of 6300 ca lho le  and Wr of 7600 
cal/mole, AG# from the full range of bases (HP-OH-) can be calculated 
and compared to the quadratic f i t  to Eq. 17. The broken line in Fig. 4 is 
the line generated from Eqs. 19 and 21. Note that the broken line was 
generated from Rqs. 19 and 21 using the information that, a t  pKa’ 3.99, 
the two lines should have intersected. That is, the solid curved line and 
the curved hroken line intersect a t  pKa’ 3.99. 


The interpretation of these observations is that carbon acid depro- 
tonation involves two processes: ( a )  a work term, which includes desol- 
vation of the incoming base and alteration in the solvation around the 
reaction center as well as getting the molecule in the correct configuration 
for proton abstraction, and ( b )  the energy required for breaking the 
carbon-hydrogen bond. The Wr term in Eq. 19, which is considered to 
be the work required to bring the two reacting molecules together, has 
an energy requirement of 7600 cal/mole, which is a little more than the 
energy required to break a hydrogen bond (36). Similarly, the standard 
free energy of activation, AGb, which is related to the intrinsic barrier 
to the breaking of the carbon-hydrogen bond, also has an energy re- 
quirement that is a little more than that required to break a weak carbon 
hydrogen bond (36). 


In the past, the apparent negative deviation of hydroxide ion in linear 
Br@nsted plots was always interpreted as the “anomolous” behavior of 
hydroxide ion. A study involving proton abstraction from a weakcarbon 
acid (19) recently showed that hydroxide-ion behavior is not “anomalous” 
when other weak oxygen acids are included; i.e., hydroxide ion acted as 
predicted for a base of pKa 15.74. The Brgnsted plot curvature was in- 
terpreted as a change in the rate-determining step in going from weak 
bases to strong bases such as hydroxide ions. That is, with weak bases, 
the major rate-determining factor is the carbon-hydrogen bond breaking 
(first term in Eq. 19 is dominant) while with stronger bases the work term, 
Wr, begins to dominate. The reverse of this step (protonation of the 
mesomeric anion hy a water molecule) has shown similarly anomalous 
kinetic behavior, suggesting that solvent reorganization around the re- 
action center may contribute to the rate-determining step (4, 37). As 
discussed previously (191, the alternative mechanism of a gradual change 
only in the degree of proton transfer in going from weak to stronger bases 
does not appear to be reasonable for the nonlinear Brgnsted plot, al- 
though this mechanism cannot be totally ruled out. 


If the Brgnsted slope, /3, does approximate the degree of a proton 
transfer over a limited pKa’ range for weak bases (231, it can be seen from 


Fig. 4 that a Brgnsted slope of 0.45 is calculated for bases with a pKa’ of 
4.7-8.53. An interpretation of this result is that  the phenindione proton 
is 45% transferred in the rate-determining transition state for proton 
abstraction by these bases. A way of testing thehypothesis that  a change 
is occurring a t  the reaction center in going from proton abstraction by 
a very weak base (water) to stronger bases (buffers used in present study) 
to very strong bases (hydroxide ion) would be to study the effects of 
electron-withdrawing and electron-donating groups on both the pKa and 
ionization kinetics of 4’-substituted 2-phenyl-1 $indandiones. Such a 
study will be reported separately (38). 


In summary, the ionization kinetics of phenindione in aqueous solution 
appear to be qualitatively similar to those of phenylbutazone, but 
quantitative differences do occur. A study of the effect of various bases 
in promoting proton abstraction from phenindione has led to some in- 
sights into possible rate-determining transition states for the depro- 
tonation reaction. The various rate constants calculated for proton 
donation and abstraction during phenindione ionization are substantially 
slower than the diffusion-limited constants for the ionization of normal 
or classical acids such as carboxylic, phenolic, and nitrogen acids. The 
ionization kinetics generated from this work will be used along with 
ongoing mass transport studies to predict the effect of noninstantaneous 
ionization kinetics on the mass transport behavior of carbon acids. 
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Abstract 0 The ionization kinetics of 1,3-diketone carbon acids are slow 
relative to those of classical acids and bases. The ionization kinetics of 
three 4’-substituted 2-phenyl- 1,3-indandiones, 4’-chloro-, 4’-methoxy-, 
and 2-phenyl-1,3-indandione itself, were studied at 25’ and ionic strength 
0.1 using stopped-flow spectrometry and a pH jump technique. A log 
k&-pH profile for the approach to the ionization equilibrium was con- 
sistent with a reaction scheme postulated earlier for the ionization of 
another carbon acid, phenylbutazone. The percent enol uersus diketo 
form of the acids and the pK&,,l and pKQ,keto were calculated from the 
kinetic data. Hammett plots of the various kinetic and equilibrium 
constants supported a mechanism for acid deprotonation consistent with 
proton abstraction being the predominant process when very weak bases 
such as water were the proton acceptors. Desolvation effects and the work 
required to get the two reacting molecules together in the correct con- 
figurations predominated when the proton abstraction was by stronger 
proton acceptors. 


Keyphrases 0 Carbon acids-ionization kinetics, stopped-flow spec- 
trophotometric and pH jump analysis Ionization kinetics-carbon 
acids, anisindione, phenindione, clorindione Anticoagulants-anis- 
indione, phenindione, clorindione, ionization kinetics 


The objective of this study was to compare the kinetics 
and ionization of the 1,3-diketone carbon acids anisindione 
(I), phenindione (II), and clorindione (111). All three 
compounds are used clinically as anticoagulants. The 
ionization kinetics of phenindione and phenylbutazone, 
two carbon acids of pharmaceutical interest, were reported 
previously (1,  2). Kinetic data for the deprotonation of 
various carbon acids have appeared in the chemical liter- 
ature, but few studies of the effects of electron-with- 
drawing and electron-donating groups on the ionization 
kinetics and mechanism have been reported. The reported 
chemical studies have concerned acids of fairly high pKa 
(3, 4) or substituted nitromethane carbon acids (3, 5- 
12). 


The objectives of this work were to study the effects of 
electron-withdrawing and electron-donating substituents 


0 


‘R 
I: R = OCH, 


11: R = H 
111: R = CI 


on ionization kinetics of 1-111 and to determine whether 
the results supported a model proposed previously for 
phenindione ionization (1). 


EXPERIMENTAL 


Phenindione’ and anisindionez were used as received. Clorindione was 
prepared by the reaction of phthalide and p-chlorobenzaldehyde in a 
sodium ethoxide-ethanol solution using a literature procedure (13) for 
the synthesis of various 2-phenyl- 1,3-indandiones. All other materials, 
kinetic procedures, conditions, and methods of pKa determination were 
identical to those described previously (1). 


RESULTS AND DISCUSSION 


The macroscopic dissociation constants for 1-111, determined spec- 
trophotometrically in aqueous solution at  25’ and g = 0.1, are given in 
Table I. These values compare favorably with the literature values for 
the pKa’s when solvent differences are considered. 


Figure 1 is a plot of log kbb uersus pH for the approach to ionization 
equilibrium for 1-111. The rate constant k& is the pseudo-first-order 
observed rate constant for the approach to ionization equilibrium ex- 
trapolated to zero buffer concentration. A possible model for the ion- 
ization kinetics of 1-111 is given in Scheme I. This model is identical to 
the scheme postulated previously for phenylbutazone ionization (2). 


The predominant neutral form of 1-111 in aqueous solution is the diketo 
species, K, rather than the enol species, E (14). The dissociated form of 
1-111 is the so-called mesomeric anion, E- (17). The macroscopic disso- 
ciation constant Ka, the percent enol, and kbb for the approach to ion- 
ization equilibrium in the absence of buffers are best described by Eqs. 
1-3 (2): 


Table I-Macroscopic Ionization Constants for  Anisindione , 
Phenindione, and Clorindione Determined 
Spectrophotometrically at 25 f 0.1’ and p = 0.1 with Sodium 
Chloride 


Compound, Literature pKa 
Wavelength Used, nm pKa Values 


Anisindione, 330 4.13 4.09 (14). 4.25 (15), 5.6 (16) 
Phenindione, 326 4.09 4.10 (14), 4.13 (15). 5.4 (16) 
Clorindione, 284 3.59 3.54 (14), 3.72 (15), 4.8 (16) 


Pfaltz and Rauer, Flushing, N.Y. * Schering Corp., Bloomfield, N.J. 


0022-35491 7910800- 1047$0 1.0010 
@ 1979, American Pharmaceutical Association 


Journal of Pharmaceutical Sciences I 1047 
Vol. 68, No. 8, August 1979 












co., Easton, Pa., 1975, p. 596. 


Washington, D.C., Ti t le  21,436.204, Apr. 1, 19'77 Revision, p. 241. 


(1966). (1977). 


(7) J. P. Hou and A. Restivo,J. /'harm. Sci., 64,710 (19'75). 
(8) R. Pfeiffer, G .  1,. Engel, and D. Coleman, Antirnicrob. Agents 


(9) M. .I. Pikal, A. I.. Lukes, and J. E. Lang, J .  I'harrn. Sci., 66,1312 


(5) "Code of Federal Regulations," 1J.S. Government Printing Office, 


(6)  A. G .  Mathews, C. J. Schram, and D. Minty, NafurP,  21 I ,  959 
('hernother., 9,848 (1976). 


Synthesis and Evaluation of Benzylfluorenyl and 
1 -Arylethyl Quaternary Ammonium Salts for Antimicrobial and 
Antineoplastic Activities 


J. R. DIMMOCK*", P. J. SMITH$,  and S. K. T S U I t  
lieceived September 1 I ,  19'78, from the  *Collrge o/ Pharmacy and f h c  f lhpar trnenf  o/ Chc,rnistry and Chemical Enginepring. Uniuersify o/ 
.Strshiil(~/zc~rc~an, Sashnloon, Sashntchrmn, S7N 0 WO. Canada.  Accepted for publication January 18, 1979. 


Abstract A numher of' suhstituted benzyldimethyl-9-fluorenylam- 
monium bromides (11) and 9-henzylfluorenyl-9-trimethylammonium 
hromides ( I V )  were synthesized and examined for antimicrohial and 
anticancer activities. Series IV showed greater antimicrobial activity than 
Series I I  while some corresponding acyclic fluorene analogs were bereft 
o f  antimicrohial activities. Significant a n t i n e o p k i c  act.ivity was not 
found in Series I1 and IV. Representative fluorenes subjected to a pre- 
liminary screen for various pharmacological activities revealed marked 
anti-inl'lammatory and analgesic properties coupled with some antihis- 
tnminic activities. T h e  acyclic quaternary ammonium compounds 
demonstrated substant ial pressor activities. 


Keyphrases  0 Bpnzyllluorene- --quaternary ammonium derivatives, 
synthesis, antimicrohial and antineoplastic activity, structure-activity 
relationships 0 Arylethylamines-quaternary ammonium derivatives, 
synthesis, antimicrohial and antineoplastic activity, structure-activity 
relationships 0 Antimicrohial agents-henzylfluorene, arylethylamines, 
quaternary ammonium derivatives Antineoplastic agents-benzyl- 
I'luorene, arylethylamines, quaternary ammonium derivatives 


As a continuation of studies on new antimicrobial (1-4) 
and antineoplastic (5-8) agents, it was decided to examine 
the biological activities of some novel substituted fluo- 
renes, representatives of which have demonstrated anti- 
microbial (9-11) and anticancer (12-14) activities. Since 
quaternary ammonium compounds are known to possess 
antiseptic properties, especially when bulky1 groups are 
attached to the quadrivalent nitrogen center, which may 
reduce adsorption onto serum proteins (15), the prepara- 
tion of fluorenes attached to a quaternary nitrogen atom 
was contemplated. 


The  reactivity ot' benzylic derivatives is documented 
clearly (16); in the two planned structural isomer series 
(Scheme I), a benzyl group was attached either to a qua- 
ternary nitrogen atom (11) or directly to the fluorene ring 
(IV). In both cases, facile proton loss from the benzylic 
methylene group may occur. Furthermore, in Series 11, the 
9-fluorenyl proton may be considered labile. Thus, both 
I1 and IV have the potential for forming carbanions, which 
would be available for electrophilic attack by biological 
macromolecules. 


In addition, it was proposed to synthesize some fluorene 
11 and IV analogs so that structural requirements for 
bioactivities might be discerned. In the case of V, which 
is similar in structure to antifungal 9-fluorenol (9), both 
the benzyl and quaternary ammonium groups were re- 
moved. The quaternary ammonium compound VI was an 


aR, (Ii (.r.SCH.*Kr t 


H Rr 
In: R I  = H 
Ib:  Ri = CI 
Ic: RI = Br 


CH,ONa 
__L 


( - 1  I 
Br CH, 


IIu: Ri = R2 = H 
IIb: RI = H, R2 = F 
IIc: R,  = H, R 2  = C1 
IId: R, = H, R2 = Br 
IIe: R ,  = H, R 2  = CF, 


IIf: R ,  = H, R2 = CH, 
Ik: R,  = H, R2 = OCH, 
I I h :  R,  = CI, R 2  = H 
IIi: R ,  = Br, R = H 


1110-IIIi ( a s  in  11) 


( - 1  


Rr 
IVo-IVi (as  in  11) 


Sch i,mr I 


analog of TV with the benzyl function replaced by a methyl 
group. Previous investigations compared the antimicrobial 
activities of flexible acyclic analogs of more rigid cyclic 
structures with the corresponding cyclic compounds ( 1-4). 
For this reason, the synthesis of several quaternary am- 
monium compounds derived from 1-arylethylamines (VII 
and VIII) was contemplated. 


RESULTS AND DISCUSSION 


T h e  synthetic pathway for the  prepared fluorenes is illustrated in 
Scheme 1. T h e  appropriate N,N-dimethylated henzylamines, prepared 
hy the  Eschwieler-Clark procedure, were quaternized with 9-bro- 
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OH 
(-) 


Br 
VI 


Br I CH3 VIIa: R = H 
VIIb: R = C1 


VIM: R = OCH, 
VIIc: R = CF, VIII 


mofluorene (I), which was prepared by reduction of the appropriate 9- 
fluorenone followed by bromination. The quaternary ammonium salts 
11, having acidic hydrogen atoms alpha to the positively charged nitrogen 
atoms, underwent the Stevens rearrangement to the N,N-dimethyl-9- 
benzylfluorenylamines (111). -The amines 111 were quaternized readily 
with bromomethane to produce the required salts IV. 


Compound VI was prepared by a synthetic route in which methyl 
magnesium iodide was reacted with 9-fluorenone, and the resultant 9- 
fluorenol was brominated and treated with trimethylamine. The acyclic 
quaternary ammonium compounds VII were prepared by the action of 
methyl magnesium iodide on the substituted benzaldehyde, and the re- 
sultant carbinol was brominated and treated with trimethylamine. 


The antimicrobial screening results are summarized in Table I. The 
quaternary ammonium compounds in Series I1 and IV showed the best 
activities; the tertiary amines IIIa and IIIi, the fluorenol V, and the 9- 
methylfluorene VI were either bereft of antimicrobial activity or pos- 
sessed only marginal potencies. In Series 11, with the exception of IIh, 
the compounds had approximately the same activity. In Series IV, the 
halogenated compounds had higher potencies than the unsubstituted 
compound, which, in turn, was more active than IVf and IVg, which have 
electron-repelling groups in the phenyl ring. The average antimicrobial 
activity in Series IV was 175 compared to 120 in Series 11. 


The open chain quaternary ammonium compounds VII, which like 
Series I1 have one carbon atom separating the substituted phenyl ring 
from the quaternary nitrogen, were devoid of antimicrobial activity a t  
the highest concentration examined (500 pg/ml). Furthermore, VIII, 
which may be regarded as an open chain IVa analog, was similarly devoid 
of antimicrobial activity. 


The most susceptible bacteria to the compounds were species of Sta- 
phylococci and Streptococci as well as Bacillus subtilis. Approximately 
half of the compounds demonstrated low antifungal activity against 
Microsporum gypseum and Sacchnromyces uuarum. With the exception 
of IIc, Ild, and IVd, all compounds in Table I were inactive a t  10 ~ g / m l  
against the protozoan Entamoeba histolytica. Against Trichomonas 
/oetus, the compounds listed in Table I, except IIc, IVe-IVg, and VI, were 
devoid of antiprotozoal activity a t  the maximum concentration employed, 
50 pg/ml. 


All compounds listed in Table I plus IIIh were assessed for anticancer 
activity, except IVe-IVg and VI. The animal tumor model was the L-1210 
lymphoid leukemia system in mice except for IId and IVh. In those two 
cases, the screen was conducted uersus murine P-388 lymphocytic leu- 
kemia. No compounds achieved the criterion for activity, namely a 25% 
increase in mean survival time. The quaternary ammonium compounds 
11 and IV showed murine toxicity at  100 mg/kg (either zero or one survivor 
out of six after 5 days of injections), but there were no mortalities on Day 
5 when the dose was reduced to 50 mg/kg. The only exception to this 
observation was IIa; in a screen uersus Sarcoma 180 in mice, IIa showed 
murine toxicity at 2 mg/kg, and there were no mortalities when the dose 
was reduced to 0.50 mg/kg. 


The tertiary amines IIIh and IIIi showed no toxicity at 400 mg/kg, 
while IIIa showed marginal toxicity at 225 mg/kg (four out of six survivors 
on Day 5), which disappeared a t  200 mg/kg. The in uitro KB screen 
conducted on Ih, IIc, IIIh, IVa, and IVi showed 50% inhibition of human 
nasopharyngeal epidermoid carcinoma a t  25.44, 100,9.7, and 15 ppm, 
respectively, and thus fell short of the 4-ppm established criterion for 
activity. 


The primary screen permitted the assessment of representative com- 
pounds for various pharmacological activities (Table 11). Since the 
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Table 11-Screening Data on Benzylfluorenyl and 1-Arylethyl Quaternary Ammonium Bromides (IV, V1, VII, and  V I I I )  


Cardiovascular Screen 
Analnesic Antihistaminic Antidepressant Change 
Actkity Anti-Inflammatory Antianaphylactic Activity Activity in 


Reduction Activity Activity Change in Protection, Blood Change in 
Contractile % Pressure, Heart Rate, in Writhes, Effect, % Inhihition, 


Compound Dose % Dose 3 hr 5 hr Dose % Dose Force, % Dose 1.5 hr 3 hr Dose % 96 


IVa 


IVb 


IVe 


I Vf 


IVR 


VI 


VIIa 


* VIlb 


VIIc 


VIId 


Vl l l  


Keference 


64 
32 
16 


64 
8' 


64 
32 


32" 


64 


8 


16 


16 


32 


16 


16 


50 .. 


compound( 


78 
100 
22 


Algesic 
13 


66 
82 


Algesic 


87 


27 


66 


18 


69 


43 


5 


50 


64 


64 


64 


64 


64 


16 


16 


16 


32 


16 


16 


32 


67 


17 


67 


67 


50 


0 


0 


0 


0 


0 


0 


17 


83 


83 


I00 


83 


100 


0 


0 


0 


17 


0 


50 


83 


2d 


2 


4 


1 


2d 


0.5 


0.5 


1 


2 


1 


1 
2 


100 


AN 


0 


0 


28 


AN 


0 


20 


20 


67 


20 


0 
0 


91 


0.1 38 


0.1 44 


0.1 38 


0.1 20 


0.1 24 


0.1 48 


0.1 38 


0.1 22 


0.1 16 


O . l e  Stimulatory 
effect 


0.1 11 


0.01 100 


64 


64 


64 


32 


64 


16 


16 


16 


16 


16 


16 


8 


67 


21 


38 


29 


29 


21 


0 


1 :3 


17 


4 


17 


100 


50 


0 


17 


0 


4 


0 


0 


4 


0 


0 


0 


100 


0.1 
1.0 
2.0 


0.1 
1 .o 
2.0 
0.1 
1 .o 
2.0 
0.1 
1 .o 
2.0 
0.1 
1 .O 
2.0 
0.1 
1 .o 
2.0 
0.1 
1.0 
2.0 
0.1 
1 .o 
2.0 
0.1 
1 .0 
2.0 
0.1 


1 .o 
2.0 
0.1 
1 .o 
2.0 


-7 +7 
-31 t 10 
-42 + 10 


-7 +2 
-31 0 
-52 +4 
-22 +3 
-12 +1 


-5 -3 
-1 +6 


-13 + 18 
- 20 + 15 
-5 +3 
+8 +8 


0 + 12 
-21 - 3 
-26 +4 
-17 +7 
+14 +4 + 44 +9 
+64 + 16 
+32 +5 + 50 +6 + 80 + 19 
t 4 9  +5 + 79 +21 


Respiratory arrest 
+31 t 16 


+8 + 12 
Respiratory arrest 
t 14 +4 
+44 +9 
+86 +5 
+:jog +30e . 


The doses in all screens are in milligrams per kilogram except for the antihistaminic screen in which the dose is in milligrams per milliliter. * The + indicates an increase 
in blood pressure or heart rate, and the - indicates a fall in either blood pressure or heart rate. At these dose levels, IVn and IVf increased the number of writhes by 
22 and 19%, respectively. Compounds IVo and IVg increased the wheal formation by 20% in both compounds at the dose levels indicated. Compound VIM increased 
the contractile force of the isolated guinea pi ileum preparation hy 6%. I The reference compounds for the analgesic, anti-inflammatory, antianaphylactic, antihistaminic, 
and antidepressant screens were aspirin, incfomethacin, disodium chromoglycate, diphenhydramine, and tranylcypromine sulfate, respectively. The criteria for activity 
in the analgesic, anti-inflammatory, antianaphylactic, and antihistaminic screens were changes of 50,50,50, and 20%, respectively; in the antidepressant screen, a compound 
had to show 30% protection at the end of 1.5 hr and 10% protection after 3 hr for it to be considered active. 8 In addition to increasing the blood pressure and heart rate 
by 30%, a compound should exert its action considerably in excess of 5 min. 


compounds were screened a t  various dose levels and ED50 values were 
not obtained, a potency comparison was not possible. However, the 
fluorenes that demonstrated analgesia had marked anti-inflammatory 
activities, with the exception of VI. Antihistaminic potency as well as a 
small, hut perceptible, heart rate elevation coupled with a decrease in 
blood pressure was found with the fluorenes. The cardiovascular effects 
were generally of less than 5-min duration, and in no case was action over 
10 min observed. No noteworthy effects were seen by the fluorenes in the 
antianaphylactic and antidepressant screens. 


The acyclic quaternary ammonium compounds VII and VIII were 
subjected to the primary screens. Analgesic activity was found with VIIa 
and VIIc but, in contrast to the fluorenes, there was an absence of anti- 
inflammatory activity. The cardiovascular screen showed that all com- 
pounds had marked pressor activity; VIIc showed the maximum activity 
at the 1.0-mgkg dose level. The duration of action was generally less than 
5 min, and none of the compounds displayed an effect on blood pressure 
or heart rate for greater than 10 min. No compounds in Table I1 displayed 
hypoglycemic activity a t  100 mg/kg. 


In conclusion, the study showed that some fluorenes with a quaternary 
ammonium group a t  position 9 have antibacterial activities against three 
species of Streptococcus and also against Staphylococcus aureus and 
H .  sub~i l i s ,  coupled with moderate potency against two fungi. Some re- 
lated open chain analogs displayed a complete absence of antimicrobial 
activity. While several useful anticancer drugs were chemically reactive, 
the quaternary ammonium compounds I1 and IV displayed murine tox- 
icity but did not produce noteworthy increased mean survival times in 
mice with leukemia. Preliminary pharmacological tests showed anti- 
inflammatory analgesia as well as some effect in the cardiovascular screen 


to be present with a number of the fluorenes in contrast to the open chain 
analogs VII and VIII, which were devoid of anti-inflammatory and an- 
algesic properties but had potent pressor activities. 


EXPERIMENTAL' 


Melting points and boiling points are uncorrected. Organic extracts 
were washed with water and dried over anhydrous sodium sulfate. The 
solvent was removed using a water aspirator. The 6 0 - H ~  NMR spectra2 
were determined in deuterochloroform with tetramethylsilane as the 
internal standard. 


Substi tuted 9-Rromofluorenes (I) and  2-Chloro-9-fluorenol 
(V)-9-Rromofluorene3 (10) was used without further purification. 9- 
Bromo-2-chlorofluorene (Ib)  was prepared as follows. Reaction of 9- 
fluorenone3 with N-chlorosuccinimide according to a literature method 
(17) gave 2-chloro-9-fluorenone in a 44% yield, mp 121-122' [lit. (17) mp 
122O], which was reduced with lithium aluminum hydride by a reported 
procedure (18) to give 2-chloro-9-fluorenol (V) in a 50% yield, mp 140- 
141O [lit. (18) mp 140-141°]. Treatment of V with acetyl bromide using 
a literature method (19) gave I6  in a 57%yield, mp 12.5-127' [lit. (19) mp 
126- 128O]. 


1 Elemental analyses were carried out by Mr. R.  E. Teed, Department of Chem- 
istry and Chemical Engineering. University of Saskatchewan, and by Galbraith 
Lahoratories Inc., Knoxville. Tenn. 


Varian T 60 spectrophotometer, Varian Associates of Canada Ltd., Georgetown. 
Ontario, L7G 254, Canada. 


Aldrich Chemical Co., Milwaukee, W1 53233. 
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2,9-Dibromofluorene (Ic) was prepared in an 80%yield by the reaction 
of 2-brom~fluorene~ with N-bromosuccinimide using a reported proce- 
dure (20). It had a melting point of 127-128' [lit. (20) m p  127'1. 
Benzyldimethyl-9-fluorenyl Ammonium Bromides (11)-The 


benzyldimethylamines were prepared as follows. Four of the required 
substituted benzylamines were treated with formic acid and formalin 
using a literature method (21) to give p-fluorobenzyldimethylamine in 
an 80% yield, bp 50-51'/2 mm [lit. (22) bp 61-62'/6.5 mm], p-chloro- 
benzyldimethylamine in a 79% yield, bp 100-105°/12 mm [lit. (23) bp 
90-95'/9-11 mm], p-methylbenzyldimethylamine in an 82% yield, bp 
197-198'/750 mm [lit. (23) bp 196-197'/760 mm], and p-methoxyben- 
zyldimethylamine in an 80% yield, hp 104-106'/12 mm [lit. (23) bp 
105-119'/10 mm]. 


p-Trifluoromethylbenzyl bromide, bp 93-94'120 mm [lit. (24) bp 
65-66'/5 mm], was prepared in a 61% yield from p-trifluoromethyl 
benzoic acid3 using a literature synthetic sequence (24). A solution of 
p-trifluoromethylbenzyl bromide (0.05 mole) and anhydrous dimethyl- 
amine (0.10 mole) in nitromethane (50 ml) stood a t  room temperature 
for 4 hr and then was poured into water (100 ml). The reaction mixture 
was extracted with ether (2 X 50 ml), and removal of the solvent in uacuo 
gave an oil. On distillation, this oil afforded p-trifluoromethylbenzyldi- 
methylamine, bp 107-110°/61 mm, in a 68% yield; the NMR spectrum 
was in accordance with the proposed structure. p-Bromobenzyldi- 
methylamine, bp 130-132'/22 mm [lit. (25) bp 121-122'/20 mm], was 
prepared similarly from p-bromobenzyl bromide3. Benzyldimethylamine 
was obtained commercially3. 


A 0.1 M solution of I a  or of the 2-substituted bromofluorenes (Ib or 
Ic) in nitromethane (10 ml) was added to the appropriate benzyldi- 
methylamine (0.2 mole), and the mixture was stirred at room temperature 
overnight. The product was precipitated by ether and purified by re- 
crystallization from ether-ethanol. The melting points and yields of the 
benzyldimethyl-9-fluorenyl ammonium bromides were: IIa, 154-156' 
[lit. (20) mp 155-156'], 88% IIb, 148-150°, 82%; IIc, 153', 84%; IId, 148', 
80%; IIe, 153-1.54', 85% IIf, 158", 60%; Ilh, 149', 5096; and IIi, 155-156', 
85%. NMR spectra of the benzyldimethyl-9-fluorenyl ammonium bro- 
mides were consistent with the structures proposed. In the case of IIg, 
ether failed to precipitate the compound from the reaction mixture and 
it was extracted with water (20 ml). The water was removed to give the 
crude product, which was not purified further. 
9-Benzylfluorenyl-9-dimethylamines (111)-The appropriate 


benzyldimethyl-9-fluorenyl ammonium bromide (2.0 g) was dissolved 
in sodium methoxide solution, which was prepared by dissolving sodium 
(0.5 g) in methanol (7 ml). The reaction mixture stood a t  room temper- 
ature overnight with occasional shaking, and then water (100 ml) was 
added. The reaction mixture was extracted with ether (60 ml), and re- 
moval of the ether gave the crude amine 111. With 1110. IIIb, IIC, and I l k ,  
the compounds were recrystallized from nitromethane unless otherwise 
stated. 
9-Benzylfluorenyl-9-dimethylamine (IIIa) was prepared in an 81% 


yield, mp 98-99' [lit. (26) mp 98.5-99'1. The NMR spectrum of IIIa was 
consistent with the proposed structure. 9-(p-Fluorobenzyl)-fluorenyl- 
9-dimethylamine (IIIb), mp 55'. was recrystallized from petroleum ether 
(bp 100'). 


Anal.-Calc. for C22H20FN: C, 83.24; H, 6.35; N, 4.41. Found: C, 84.00; 
H, 6.43; N, 4.38. 
2-Chloro-9-benzylfluorenyl-9-dimethylamine ( I I Ih)  melted a t  108- 


109'. 
Anal.-Calc. for CZ2HmCIN: C, 79.15; H, 6.04; N, 4.20. Found: C, 78.48; 


H, 6.00; N, 4.19. 
2-Bromo-9-benzylfluorenyl-9-dimethylamine (IIIi) melted at 129'. 
Anal.-Calc. for C22H20BrN: C, 69.84; H, 5.33; N, 3.70. Found: C, 69.71; 


H, 5.17; N, 3.63. 
The remaining derivatives ( I lk- I I Ig)  were isolated as oils that could 


not be induced to crystallize. TLC of the products on'silica gel with 
benzene as the solvent showed a single spot, and further purification was 
not undertaken. 
9-Benzylfluorenyl-9-trimethylammonium Bromides (IV)-The 


9-benzylfluorenyl-9-dimethylamine (0.01 mole) was dissolved in nitro- 
methane (10 mi) containing bromomethane (0.065 mole), and the resul- 
tant solution shod at room temperature overnight. The product, obtained 
from the reaction mixture by the addition of ether, was recrystallized from 
ether-ethanol. The physical data for the salts (IV) are summarized in 
'I'ahle 111. 
9-Methylfluorenyl-9-trimethylammonium Bromide (V1)-A so- 


lution ot' 9-fluorenone3 (0.035 mole) in anhydrous ether (100 ml) was 
added slowly to methyl magnesiurh iodide (0.035 mole), prepared from 
magnesium (0.85 g) and methyl iodide (5.0 g) in anhydrous ether (50 mi). 


Table III-9-Benzylfluorenyl-9-trimethylammonium Bromides 
(IV) 


Yield, Melting Analysis, % 
Compound 96 Point Formula Calc. Found 


IVa 


IVb 


IVC 


IVd 


IVe 


IVf 


IVg 


IVh 


I Vi 


80 1780a 


80 179' 


80 172' 


81 192' 


85 174' 


77 178' 


72 175' 


61 180' 


66 190' 


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


70.05 
6.13 
3.55 


66.99 
5.62 
3.40 


64.42 
5.40 
3.27 


58.37 
4.90 
2.96 


62.34 
5.01 
3.03 


70.58 
6.42 
3.43 


67.92 
6.18 
3.30 


64.42 
5.40 
3.27 


58.37 
4.90 
2.96 


70.21 
6.05 
3.55 


66.61 
5.77 
3.38 


64.36 
5.32 
3.25 


58.05 
4.70 
2.84 


62.34 
5.00 
3.00 


70.63 
6.35 
3.25 


67.88 
6.01 
3.25 


64.19 ~ ~ ~. 


5.63 
3.25 


58.13 
5.03 
2.94 


Lit. (26) mp 175'. 


The resultant mixture stood a t  room temperature overnight and then 
was poured onto a mixture of crushed ice (100 g) and 10% HCI (100 ml). 
The aqueous phase was extracted with ether. Solvent evaporation gave 
the crude product, which on recrystallization from benzene gave 9- 
methyl-9-fluorenol in a 58% yield,'mp 176' (lit. (27) mp 176-177'1. 


Acetyl bromide (0.035 mole) was added to a solution of 9-methyl-9- 
fluorenol (0.025 mole) in chloroform (20 ml), and the reaction mixture 
was shaken. After the vigorous reaction had subsided, acetic acid and 
chloroform were removed under reduced pressure. The crude bromide 
was dissolved in nitromethane (20 ml) and added to a solution of tri- 
methylamine in nitromethane (10%). The reaction mixture was kept a t  
0" for 2 days, and the separated product was recrystallized from absolute 
ethanol to give VI in a 20% yield, mp 170'. 


Anal.-Calc. for C17H2arN: C, 64.15; H, 6.33; N, 4.40. Found: C, 63.63; 
H, 6.55; N, 4.40. 


1 -Phenylethyltrimethylammonium Bromides (VII and VII1)- 
The following three-step synthesis was used for VII. A solution of the 
appropriate para -substituted benzaldehyde (0.03 mole) in anhydrous 
ether (25 ml) was added slowly to methyl magnesium iodide (0.035 mole), 
prepared from magnesium (1.0 g) and methyl iodide (5.0 g) in anhydrous 
ether (50 ml). The reaction mixture s twd a t  room temperature overnight 
and, after being poured onto a mixture of crushed ice (100 g) and hy- 
drochloric acid (10% v/v, 100 ml), was then extracted with ether. The 
solvent was removed and the required 1-phenylethanols were purified 
by distillation to give the p-chloro derivative in an 88% yield, bp 130- 
1:%2'/15 mm [lit. (28) bp 110-120'/9 mm], the p-trifluoromethyl deriv- 
ative in a 90% yield, bp 116-118'/20 mm [lit. (29) bp 106-107'/18 mm], 
and the p-methoxy derivative in an 85% yield, bp 130-132'/20 mm [lit. 
(30) bp 104'/3 mm]. 


Acetyl bromide (0.034 mole) was added quickly to the appropriate 
1-phenylethanol(0.025 mole). After the vigorous reaction had suhsided, 
acetic acid and acetyl hromide excess were removed under reduced 
pressure. The residue was dissolved in benzene (50 mi) and shaken with 
aqueous sodium bicarbonate solution (10% w/v). Solvent removal gave 
the crude 1-phenylethyl bromide as a pale-red oil. A crude bromide so- 
lution (0.016 mole) in nitromethane (10 ml) was added to a trimethyl- 
amine solution in nitromethane (10% w/v, 20 ml) a t  room temperature, 
and the reaction mixture was left overnight. Ether addition gave the re- 
quired 1-phenylethyltrimethylammonium bromides, which were re- 
crystallized from ether-ethanol. 1-Phenylethyltrimethylammonium 
bromide (VIIa), mp 197-198' [lit. (31) mp 198-200'], was obtained in 
a 60% yield. 1-(p-Chloropheny1)ethyltrimethylammonium bromide 
(VIIb), mp 199', was obtained in an 80% yield. 


Anal.-Calc. for C ~ I H ~ ~ B ~ C I N :  C, 47.41; H, 6.15; N, 5.03. Found: C. 
47.78; H, 6.53; N, 4.91. 
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I-(p-Methoxyphenyl)ethyltrimethylammonium bromide (VIId), mp 
165-166’, was prepared in a 60% yield. 


Anal. -Calc. for C12H20BrNO: C, 52.56; H, 7.35; N, 5.11. Found: c, 
52.80; H, 7.58; N, 5.10. 


1 - ( p  -Trifluoromethylphenyl)ethyltrimethylammonium bromide 
(VIIc) was prepared as follows. 1-(p-Trifluoromethy1phenyI)ethanol 
(0.067 mole) was added to phosphorus bromide (0.067 mole). After 
standing at  room temperature overnight, the reaction mixture was poured 
onto ice and extracted with benzene. The organic extracts were washed 
with aqueous sodium bicarbonate solution (10% w/v), and solvent removal 
gave the crude hromide. A solution of the crude bromide (3.2 g) in 
methanol (10 ml) was added to a triethylamine solution in absolute al- 
cohol ( I ( %  v/v, 20 ml) to yield VIlc, mp 218-219’, in a 58% yield. 


Anal.-Calc. for C12HliBrF:jN: C, 46.17; H, 5.49; N, 4.49. Found: C, 
45.47; H,  5.48; N, 4.48. 


?-I’henylethyltrimethylammonium bromide (VIII) was prepared by 
the method descrihed previously (32). 


Screening4 of Compounds-In the antimicrobial screen, the com- 
pounds were dissolved in water or dimethyl sulfoxide and diluted serially 
to various concentrations. The stock solutions were prepared in such a 
way that when 0.5 ml was added to 15 ml of agar, the desired final con- 
centrations were obtained. The bacterial growth medium was trypticase 
soy agar with 5% defihrinated rabbit hlood added for the growth of 
Hncmophilus influenzae, Streptococcus pyogenes, and Streptococcus 
pncwmonia. Modified Sahouraud agar was employed for the fungi. 


The test organisms were grown previously for 2 days at 35O for bacteria 
and yeasts and for 1 week a t  24’ for fungi on slants of the media men- 
tioned above. The agar plates were streaked with a loopful of cell SUB- 
pension, which had been washed off from the slants and diluted to ap- 
prciximately lo” organisms/ml. The plates were incubated for 2-14 days 
at  2 4 O  for fungi and a t  3 5 O  for bacteria. The results (Table I) indicated 
the minimal inhihitory concentration of the compound that prevented 
visihle growth in the media. 


The antiprotozoal screen utilized the tube dilution technique previ- 
ously descrihed (33). The test organisms were E. htstolytica (ATCC 
30015) grown in a TP-S-1 monophasic medium devised by Diamond (34) 
and 7’. foetus (ATCC 30003) grown in modified TYM basal media (34). 
Activity was defined as the minimal concentration that  inhibited 9096 
of the protozoal growth a t  10 and 50 pg/ml for E. histolytica and 7‘. fo- 
etus, respectively. 


C‘nless otherwise stated, the same numbers of animals were used as 
controls and for the evaluation of various pharmacological activities. The 
screen for examining analgesic activity was the phenylquinone writhing 
test ( 3 s ) .  Five male Swiss albino mice, 18-22 g, were used for each com- 
pound except IVg. IVP (at  the 64-mg/kg dose level), VIIa, and VIIc, in 
which cases 10 animals were used. 


The anti-inflammatory screen measured the antagonism of the test 
compound to carrageenan-induced rat paw edema (36). Six female 
Sprague-Dawley rats, 120-160 g, were used for each compound, and the 
edema volume was recorded at  the end of 3 and 5 hr. 


The antianaphylactic screen measured passive cutaneous anaphylaxis 
inhihition in rats (37). Four female Sprague-Dawley rats were used for 
each compound except IVf. Vllc, and disodium chromoglycate, in which 
cases eight rats were employed. Two rats were used for VIlI a t  both dose 
levels. 


The compounds were examined for antihistaminic activity using two 
guinea pig ileum preparations (M), except in the cases of IVa, IVb, and 
IVf where three preparations were used and VIld where one preparation 
was used. 


The antidepressant screen measured the antagonism of tetrabena- 
zinc-induced ptosis in mice (39.40). Six male Swiss albino mice were used 
for each compound. 


I n  the cardiovascular screen, a Sprague--DawIey rat of either sex, 
250-4(H) g, was anesthetized by intraperitoneal urethan (1.9 g/kg). After 
femoral vein cannulation, the blond pressure was monitored uia a pressure 
transducer” connected to a cannula in the left carotid artery. The arterial 
blood pressure and heart rate were recorded on a polygraph6. After the 
preparation had staldized, the test compound was dissolved in saline 
and/or polywrbate 80‘ (1%) and administered in a volume of 0.01-0.05 
ml. The changes recorded in hlood pressure and heart rate were expressed 
as  percentage dil‘l‘erences between the pre- and postdrug values. Two 


All screens. except l o r  the assessment for anticancer activilies. were carried out 
hv.Hi,i-  IIrswrch I.ahoratoric~s I Ad.. Mont.real, Quebec, Canada. 


:‘Stat ham. 
6 (;ass. 
7 Tween 80, Atlos Chemical Industries, Wilmington. DI.: 19899. 


determinations at each dose level using one rat  were made for each 
compound. 


The screen for hypoglycemic activity involved the measurement of 
blood glucose in rats (41). Four male Sprague-Dawley rats were used for 
each compound at a dose of 100 mg/kg. A 20% decrease in blood glucose 
concentration was required for a compound to be considered active. 


The anticancer screening was carried out by the Drug Research and 
Development Division of the National Cancer Institute according to their 
protocols (42). The compounds were administered to BeD2F1 or CDzFi 
mice by intraperitoneal injection either daily or every 4 days, except in 
the case of IIa versus Sarcoma 180 in Swiss mice where injections were 
made twice daily for a total of 14 injections. The  compound showed no 
activity. 
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Abstract  A rapid quantitative procedure is presented for the sepa- 
ration of testosterone esters from their hydrolysis products through the 
use of the acetonitrile-infusorial earth column. The method was applied 
to testosterone cypionate, testosterone enanthate, and testosterone 
propionate. Recovery and replication of reference standard testosterone 
and its three esters through the proposed method ranged from 99.1 to 
100.3%. and the percent relative standard deviation ranged from 0.6 to 
1 .a. Two samples can be separated into testosterone and testosterone 
ester fractions in about 1.5 hr. The analyses of 20 injectable and one 
huccal tablet formulations made by 12 different manufacturers are re- 
ported. 


Keyphrases 0 Chromatography, column-analysis, testosterone and 
testosterone esters, various pharmaceuticals, acetonitrile-infusorial earth 
column Testosterone-analysis, acetonitrile-infusorial earth column 
chromatography, separation from testosterone esters, various pharma- 
ceuticals Testosterone esters-analysis, acetonitrile-infusorial earth 
column chromatography, separation from testosterone esters, various 
pharmaceuticals 


The “American Drug Index” (1) lists 57 different drug 
products that contain testosterone esters; they are mostly 
injectables and are made by 27 different manufacturers. 
The active ingredients are testosterone cypionate in 11 
formulations, testosterone enanthate in 34, testosterone 
ketolaurate in one, and testosterone propionate in 11. 


The official assay procedure in the USP (2) for testos- 
terone drug substance and injection requires GLC analysis. 
Cleanup of testosterone propionate oil injectables by re- 
versed-phase chromatography has been described (31, and 
this method is the basis for the modified cleanup procedure 
in USP XIX (4) for testosterone cypionate and testoster- 
one propionate injectables. These USP procedures mea- 
sure total testosterone plus esters. The final determinative 
step for these two compounds is spectrophotometric 
measurement of their isoniazid hydrazones, a procedure 
that is slightly altered from that originally described 
( 5 ) .  


The USP-NF (6) presents a high-pressure liquid chro- 
matographic (HPLC) method for testosterone propionate 
tablets. Other steroid separation methods include column 


adsorption chromatography (7), GLC (8, 9), TLC (lo), 
paper chromatography (l l) ,  HPLC (4), column partition 
chromatography (121, and use of an acetonitrile-infusorial 
earth column (13). 


This paper reports a relatively rapid quantitative ana- 
lytical procedure for the separation of testosterone from 
its cypionate, enanthate, and propionate esters using an 
acetonitrile-infusorial earth column. The final determi- 
native step compares the standard and sample isoniazid 
hydrazones. The proposed procedure was applied to the 
analysis of 21 pharmaceutical formulations made by 12 
different manufacturers. 


EXPERIMENTAL 


Apparatus-The following were used: UV-visible recording spec- 
trophotometers’ with 1-cm stoppered quartz cells, a high-pressure liquid 
chromatograph2 (sensitivity of 0.005 absorbance unit full scale with a 
2.54-nm UV detector:’ and a reversed phase column4), glass chromato- 
graphic columns for partition chromatography (2.2 X 25 cm, constricted 
a t  one end to 0.4 X 5 cm), an aluminum tamping rod, an electrobalance5, 
and 1’1,Ce equipment. Volumetric flasks and pipets were either NBS 
calihrated or Class A glassware. 


Materials-Alcohol USP, distilled-in-glass grade’ acetonitrile, 
chloroform, n -heptane, absolute methanol, and reagent grade acetic acid 
were used along with acid-washed infusorial earth8. Also used were USP 
reference standard testosterone cypionate, testosterone enanthate, and 
testosterone propionate and NF reference standard testosterone. 


Reagents-Mutually saturated acetonitrile-n -heptane was prepared 
as follows. Acetonitrile, 30 ml, was mixed with 500 ml of n-heptane 
(sufficient for two determinations) in a separator, agitated vigorously 
for 2 min, and allowed to stand until both layers were clear. These mu- 
tually saturated solutions were used whenever acetonitrile or n-heptane 
was called for in these directions. 


Sample Preparation-Tablets-Twenty tahlets were weighed, 


1 Cary mcidels 15 and 17. 
Waters model 6000 pump. 
Waters 440 detector. 
Separations Group, Vidar ‘I’P. 
Cahn models G-2 and 25. 
‘I’LC plates 6060, Eastman Organic Chemicals. 


Celite 545, Johns-Mansville Product Corp. 
‘ Rurdirk &.lackson. 
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CO MMUNt CA TIONS 


Pharmacokinetics of cis -Dichlorodiammine 
Platinum(I1) in Rats Using an External 
Loop-Eigenfunction Expansion Technique 


Keyphrases 0 Pharmacokinetics-organometallic antineoplastic agents, 
external loop blood sampling techniques, eigenfunction expansion 
analysis, Fourier transform analysis External loop technique-blood 
collection, pharmacokinetics, eigenfunction expansion analysis 0 Anti- 
neoplastic agents-organometallic, pharmacokinetics, external loop 
technique, eigenfunction expansion analysis 


To the Editor: 
An external loop technique for collecting many closely 


spaced blood concentration-time data points, early in an 
experiment when the concentration changes rapidly, was 
developed recently for compounds labeled with y -emitting 
isotopes (1,2). The large amount of accurate data coll6cted 
at such frequent intervals allows the use of the more ob- 
jective methods of Fourier transform or eigenfunction 
expansion analysis for the determination of pharmaco- 
kinetic parameters. 


With conventional data collection methods, determi- 
nation of the optimum number of exponentials necessary 
to describe adequately the time course of the drug is dif- 
ficult. With a limited number of data points collected over 
a relatively short period (4-6 hr), a maximum of three ex- 
ponentials has been suggested (3). For studies conducted 
over several days, it is possible to resolve more exponentials 
(4). 


The external loop method permits continuous moni- 
toring of radiopharmaceuticals and provides several ad- 
vantages over traditional blood sampling techniques: 


1. There is no sampling time error. 
2. The number of samples is -500 uersus 40 since there 


is no blood volume loss to limit the sampling. 
3. The sample volume does not change. Such a change 


affects both the compartment size and the loss of ac- 
tivity. 
4. The continuous cumulative count of the analyzer 


gives an accurate average activity over the time interval. 
5. The time interval may be varied or kept constant with 


a lower limit of less than a millisecond. This flexibility al- 
lows the collection of different data sets, thus enhancing 
numerical analysis by gaining more information at a crucial 
time. 


The large amount of data collected permits the use of 
Fourier transform analysis to resolve the number of ex- 
ponentials. Fourier transform analysis was used previously 
to analyze multicomponent exponential decay curves 
(5-8). By this method, it is possible to transform the raw 


data and obtain a plot of the transformed data versus the 
rate constants (A). The major contributing rate constants 
can be determined as major peaks in this curve. Pro- 
vencher (9) recently described a digital computer program 
for data analysis (9) that is described by a multiexponential 
equation using the Fourier transform method proposed by 
Gardner et al. (5,6). Subsequently, an alternative method 
using an eigenfunction procedure was proposed (10). 


cis-Dichlorodiammine platinum(I1) (I) represents the 
first of a series of organometallic antineoplastic agents to 
be marketed. This compound is used clinically, particularly . 
in the treatment of metastatic testicular carcinoma. 
Pharmacokinetic parameters for the platinum moiety from 
I were determined in the rat using traditional blood sam- 
pling techniques ( 4 , l l )  and an external loop method (2). 
As an initial step in further studies using I and related 
agents, we investigated the kinetics of I using an external 
loop and analyzed the data with an eigenfunction proce- 
durel. 


Male Sprague-Dawley rats, 300-350 g, were prepared 
as previously described (1). Hexachloroplatinic acid con- 
taining platinum-195m2 was used as the starting material 


l 0 I  8 Y  


t 


0.00 60.00 120.00 180.00 240.00 300.00 360.00 
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Figure 1-Plot of counts per second (x) versus time measured in an 
external blood loop following intravenous administration of 1.1 mg of 
cis-dichlorodiamnine platinurn(//)lkg to Rat I. Thcs solid line was 
calculated using the equation that best fit the data. 


A digitial computer program for performing the analysis was kindly provided 
by s. w. Provencher, Max-Planck-Institut fur Biophysikalische Chemie, D-3400 
Cottingen-Nikolausberg, Federal Republic of Germany. 


*Oak Ridge National Laboratory, Oak Ridge, Tenn. 
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to prepare radiolabeled I using a modified literature 
method (12). Each rat received 1.1 mg of I/kg iv, corre- 
sponding to N 100 pCi. Data were collected every 2 sec for 
the first 300 sec, every 20 sec for the next 3000 sec, and 
every 200 sec until the end of the study. Radioactivity 
measured in the loop was corrected for decay and back- 
ground. 


A typical plot showing the results obtained is shown in 
Fig. 1. The data were weighted inversely to the time in- 
terval of collection and analyzed by the program of Pro- 
vencherl. The computer program automatically selected 
the best number of exponential terms required by the data 
according to an F test with a nonlinearity correction. The 
best-fit values for the rate constants were 7.90,1.45,2.96 
X l O - l ,  3.50 X min-l for Rat 1 and 
4.18,1.10,2.69 X 3.33 X and 1.60 X min-’ 
for Rat 2. The five-exponential equation that gave the best 
fit to the data for Rat 1 was used to calculate the solid line 
in Fig. 1. The fastest observed rate constant may be due 
to a mixing or rapid distribution within the animal; how- 
ever, the remaining four exponentials are similar to the 
values obtained previously (2,4). 
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Terpenoids and Steroids, Vol. 8. Senior Reporter, J. R. HANSON. The 
Chemical Society, Burlington House, London WlV OBN, England. 
1978.301 pp. 15 X 22 cm. Price $50.00. (Available from Special Issues 
Sales, AmericanChemical Society, 1155 16th St., N.W., Washington, 
DC 20036.) 
This book is the eighth volume on terpenoids and steroids in a valuable 


series initiated 8 years ago. The aim of each series of Specialist Periodical 
Reports is to provide a systematic, comprehensive, and critical review 
of progress in the major areas of chemical research. The various series, 
which now total 36, are published annually or biennially on such topics 
as Environmental Chemistry; Biosynthesis; Foreign Compound Me- 
tabolism in Mammals; The Alkaloids; Carbohydrate Chemistry; 
Amino-acids, Peptides, and Proteins; and Photochemistry. 


This volume does not contain a subject index, but it is organized in a 
systematic manner which facilitates finding any desired information. The 
five pages in the Table of Contents outline this volume in detail. The 
chapters are divided into many sections, which are identified in bold type 
in the text as well as in the Table of Contents. These sections are divided 
into subsections. Chapter titles are found at the top of every other page 
of the text. The author index includes 3300 names and is helpful to any- 
one following the research of a given individual. 


This review is illustrated with drawings of 1700 chemical structures. 
I t  is documented with 1650 references, most of which are listed a t  the 
bottom of the page where first used in a given chapter. 


Part  I covers the terpenoids and is divided into chapters that  include 
Monoterpenoids, Sesquiterpenoids, Diterpenoids, Triterpenoids, and 
Carotenoids and Polyterpenoids. Part 11, which covers steroids, is divided 


into two chapters entitled Physical Properties, and Steroid Reactions 
and Partial Syntheses. No compilation of references to review articles 
on subjects related to  terpenoids or steroids is included in this volume 
as in many of the previous volumes. 


The chapter on Steroid Reactions and Partial Syntheses is long and 
is divided into two sections. The first section is divided into subsections 
based on more common functional groups, a subsection on compounds 
of nitrogen, sulfur, and selenium, and subsections on such important 
topics as molecular rearrangements, functionalization of nonactivated 
positions, and photochemical reactions. The section on partial syntheses 
is divided into the following subsections: cholestane derivatives and 
analogs, vitamin D and its metabolites, pregnanes, androstones, car- 
denolides, secosteroids and cydosteroids, heterocyclic steroids, micro- 
biological oxidations and reductions, and miscellaneous syntheses. 


The editor and six reporters who prepared this volume are to be com- 
mended for maintaining the high standards set by the previous volumes 
in this series. Everyone interested in the chemistry of terpenoids and/or 
steroids should have access to this volume and others in the series. Many 
terpene and steroid chemists will want copies on their desk. This series 
is a great timesaver and a source of many ideas. I highly recommend 
it. 


Reviewed by Norman J. Doorenbos 
College of Science 
Southern Illinois University at 


Carbondale, I L  62901 
Carbondale 
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ammonium sulfatehiter of the reaction mixture. The so- 
lutions were centrifuged at  8000 rpm for 20 min at 4’. A 
brown precipitate was obtained from the reaction mixture 
with the enzyme suspension, while a yellow precipitate was 
obtained from the control reaction mixture. Both precip- 
itates were dissolved in 25 ml of water separately, and 2.0 
ml of 5 N HC1 was added to each solution. These solutions 
were centrifuged a t  8000 rpm for 20 min at  4 O ,  and the 
precipitates were treated according to the same procedure 
again. 


A t  the end, a bright-orange precipitate was obtained 
from the reaction mixture containing the enzyme sus- 
pension, while a yellow precipitate was obtained from the 
control reaction. The orange precipitate was identified as 
8,8’-dioxo-6,6’-azopurine by comparing the Rf values in 
three different solvent systems (Table I)  and the UV 
characteristics with authentic samples of 11. The yellow 
precipitate was identified as I. Compound I was unchanged 
under the same conditions even after 6 hr in the absence 
of enzyme. 


Compound I is the first example of a purine dimer that 
can react with rabbit liver aldehyde oxidase. This finding 
is significant because it has been suggested that controlled 
inhibition of aldehyde oxidase will reduce the cytotoxic 
effects of the immunosuppressive agent azathioprine and 
modify its chemotherapeutic effects in order to develop 
more effective treatment schedules (3). Compound I can 
be considered as a sequential inhibitor of two enzymes 
involved in azathioprine metabolism. It should inhibit 
aldehyde oxidase and be converted to 11, which is a potent 
inhibitor of another enzyme in the metabolic pathway, 
xanthine oxidase. Thus, investigation of the inhibition of 
mammalian aldehyde oxidase by I may provide such an 
agent. 


Because of the significance of aldehyde oxidase in the 
metabolism of various biologically active N-heterocyclic 
compounds, I can be used in the investigation of the 
mechanism of the action of these compounds. 
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Effect of Altered Plasma Protein Binding on 
Apparent Volume of Distribution 


Keyphrases Volume of distribution-effect of altered plasma protein 
binding, pharmacokinetics 0 Drug binding-plasma, volume of distri- 
bution, effect of altered plasma protein binding Plasma protein 
binding-effect of alterations on apparent drug volume of distribution 
0 Models, pharmacokinetic-apparent volume of distribution, effect 
of altered plasma protein binding 


To the Editor: 
Changes in the apparent volume of distribution occur 


with age, disease, and displacement (drug interaction) and 
in the presence of saturable binding. Relationships have 
been developed (1-6) to explain these changes based on 
alterations in plasma and/or tissue binding. Our discussion 
is restricted to measurement of drug concentrations in 
plasma. Gillette (1) showed that the volume of distribution, 
V, can be expressed by: 


V = a ( V / + X V T ) t ( 1 - a ) V ,  (Eq. 1) 


where a is the fraction unbound in plasma, Vf  is the vol- 
ume into which the unbound drug is distributed, X is the 
ratio of tissue drug concentration to unbound plasma drug 
concentration, VT is the tissue volume, and V, is the ap- 
parent volume of distribution of the plasma protein to 
which the drug binds. A simplified relationship, based on 
the physiological concepts of Gillette (1,4-6), was proposed 
( 2 , 3 )  as follows: 


where V p  is the plasma volume, VT is the volume outside 
plasma into which the drug distributes, and a and (YT are 
the fractions unbound in these two compartments. 


The relationship of Eq. ‘2 does not take into account that 
plasma proteins are distributed throughout the extracel- 
lular fluids. When the binding to proteins in plasma is al- 
tered, similar changes are expected in the binding to these 
proteins located in other extracellular fluids. Furthermore, 
this relationship cannot distinguish between binding to 
these proteins and binding elsewhere in the body. This 
distinction is important for anticipating changes in the 
volume of distribution on altering drug binding and the 
converse. 


The following derivation provides a method for making 
this distinction. From mass balance considerations: 


(Eq. 3) A = A p  + Ag + A H  


where: 


A = total amount of drug in the body 
A p  = total amount of drug in plasma 
AE = total amount of drug in the extracellular fluid 


outside plasma 
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A R  = total amount of drug in the remainder of the 


The amount in plasma is equal to: 


body 


AP = (Vp) (C)  (Eq. 4) 


where Vp is the plasma volume and C is the total plasma 
concentration. The total amount of drug in the extracel- 
lular fluid outside the plasma is equal to: 


AE = (VENCE) (Eq. 5) 


where VE. is the extracellular space minus the plasma 
volume and CE is the average total concentration in this 
fluid. The amount of drug in the remainder of the body is 
equal to: 


AR = (VR) (CR)  (Eq. 6) 


whew VR is the physical volume into which the drug dis- 
tributes minus the extracellular space and CR is the aver- 
age concentration in this space. 


Substituting Eqs. 4-6 into Eq. 3, dividing by C, and 
knowing that A/C is, by definition, the apparent volume 
of distribution, we obtain: 


(Eq. 7) 
. .  . .  


Unless active transport or other complications occur, at  
distribution equilibrium the unbound drug concentration, 
Cu, is the same in all tissues into which it distributes. De- 
fining CYR as CU/CR, a as Cu/C, and CbE as the average 
concentration of bound drug in the extracellular space 
outside plasma, we obtain: 


For a given protein with one class of binding sites, the 
law of mass action gives: 


(Eq. 9) 


where Cbp and CbE are the bound drug concentrations and 
(P)p  and (P)E are the concentrations of unoccupied pro- 
tein binding sites in the plasma and in the other extracel- 
lular fluids, respectively, and Ka is the association or af- 
finity constant. Since the unbound drug concentration is 
identical in both fluids: 


(Eq. 10) 


Moreover, since: 


(P)P  + Cbp = W ) P  (Eq. 11).  


and: 


( P ) E  + CbE = ( P ~ ) E  (Eq. 12) 


where (Pt)p and ( P ~ ) E  are the average total concentrations 
of binding sites in the plasma and in the other extracellular 
fluids, respectively, it follows that: 


(Eq. 13) 


where RE/[ is the ratio of the total number of binding sites 
or the amount of protein in extracellular fluids outside the 


plasma to that in the plasma. Equation 14 can be shown 
to be valid also when there is more than one class of bind- 
ing sites on a protein, when saturation is approached, and 
when several proteins are present, provided the ratio RE/[ 
is the same for each protein. Substituting Eq. 14 into Eq. 
8 gives: 


However, since: 


CbplCu = ( 1  - C J ) / C J  (Eq. 16) 


then: 
VR CJ V =  Vp(1 + RE/ I )  + a V p ( V ~ 1 V p  - R E / I )  + - 
CJR 


(Eq. 17) 


This relationship is similar to that proposed by Gillette 
(1) (Eq. 1) but includes terms for the intravascular-ex- 
travascular distribution of the binding protein as well as 
the actual volumes of these extracellular fluids. 


The extracellular fluid outside the plasma is usually 
considered to be 12 liters and the plasma volume to be 3 
liters in a normal 70-kg man (7). Furthermore, 55-60% of 
the total extracellular albumin is usually found outside the 
plasma (8); with the assumption that the plasma proteins 
to which the drug binds are distributed like albumin, the 
extravascular to intravascular ratio, R,y/I, is -1.4. With 
these normal values, Eq. 17 becomes: 


or approximately: 


(Eq. 18) 


This equation states that when a drug is only distributed 
to the extracellular fluid and cannot enter the cells ( V R  = 
0),  the smallest apparent volume of distribution a drug can 
have is: 


V = 7 + 8(a) (Eq. 20) 


Thus, a t  distribution equilibrium, the observed apparent 
volume of distribution of any drug cannot be less than 7 
liters, no matter how tightly bound the drug is to albumin. 
For a drug restricted to the extracellular fluid only ( V R  = 
0)  and not plasma protein bound ( a  = l) ,  the apparent 
volume of distribution is limited to the value of the total 
extravascular fluid volume, 15 liters. 


Equations 17 and 19 are particularly useful for drugs 
with low apparent volumes of distribution (<15 liters or 
<0.2 liter/kg). For example, the volume of distribution of 
tolbutamide was shown to be essentially unchanged in 
hepatitis patients, even though the plasma albumin 
binding was altered in the acute phase of the disease (9). 
With Eq. 19 and the assumption of no change in N R ,  the 
volume of distribution is calculated to increase from 0.15 
to 0.164 liter/kg when the fraction unbound in plasma is 
increased from 0.068 to 0.087 in hepatitis (9). Thus, a 28% 
increase in a only results in a 9.5% increase in the apparent 
volume of distribution. 


The observation of little or no change in the volume of 
distribution when a is increased is consistent with de- 
creased binding to albumin throughout the extracellular 
fluids, and no alteration in N R  is indicated. However, if Eq. 
2 is used, a change in CYT is necessary to explain this ob- 


1204 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 9, September 1979 







servation, as stated by Gibaldi and McNamara (31, even 
though only a change in albumin binding may have oc- 
curred. When the apparent drug volume of distribution 
is large (>50-100 liters), the sum Vp(1 + R E / I )  + 
t ~ (  V p ) (  V E I V ~  - RE,,) in Eq. 17 can be neglected since its 
largest possible value is 15 liters. The apparent volume of 
distribution is then: 


(Eq. 21) 


which is also predicted by Eq. 2. 
The relationship presented in Eq. 17 should be helpful 


in analyzing and predicting alterations in the apparent 
volume of distribution of any drug when there is an alter- 
ation in the unbound fraction in plasma, in the unbound 
fraction outside the extracellular fluids, in ‘the volumes of 
the extracellular fluids, or in the extravascular to intra- 
vascular plasma protein ratio, as occurs, for example, in 
prolonged bed rest and in severe burns. It will also be useful 
to identify where the alteration occurs. 
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BOOKS 


REVIEWS 


Pharmazeutische Technologie. Edited by HEINZ SUCKER, PETER 
FUCHS, and PETER SPEISER. George Thieme Verlag, Herdweg 63, 
Postfach 732, D-7000 Stuttgart 1, West Germany. 1978.906 pp. 17 X 
24 cm. Price DM 235. 
Industrial pharmacy as a scientific and technological branch of the 


profession of pharmacy covers a wide spectrum of operations involving 
a multidisciplinary body of fundamental knowledge and a diversified 
technology constrained by a specific set of governmental regulations 
intended to serve as controls over the laboratory and manufacturing 
environment as well as the quality of the drug preparation itself. An area 
of such diversity and complexity remains dynamic, and advances in basic 
pharmaceutics and pharmaceutical technology have accelerated during 
the past three decades. These advances have come about as a consequence 
of the pharmaceutical industry’s expanding research and development 
investment and through the acquisition of scientific knowledge and 
technology from external sources such as universities and other indus- 
tries. 


An early effort by the Pharmaceutical Institute (ETH) in Zurich to 
reduce the high level of empiricism in the teaching of pharmacy students 
through the introduction of “physical pharmacy” principles resulted in 
the publication of a textbook, “Galenisches Praktikum”’, in which the 
authors attempted to relate theoretical concepts to practice by means 
of explanatory text, laboratory exercises, and pertinent literature refer- 
ences. A decade later, the publication of “The Theory and Practice of 
Industrial Pharmacy”2 provided a text much closer to the reality of in- 
dustrial operations and constraints in the development and production 
of drug preparations. 


The latest textbook that endeavors to portray accurately industrial 
pharmacy is “Pharmazeutische Technologie,” a collaborative effort in- 
volving 25 authors, most of whom are associated with Swiss or German 
pharmaceutical companies and each of whom has been selected as a 
working specialist in his field. By the judicious decision to organize the 
material as an applied science based on current theoretical concepts of 
unit operations, only seven chapters were needed. The book begins with 
a thorough and excellently organized chapter, which develops the 
mathematical concepts of practical importance to research and devel- 


opment pharmacists engaged in dosage form design. The statistical 
section is particularly noteworthy for the manner in which research design 
and optimization techniques and scale-up theory are presented. Along 
similar lines, the second chapter reviews the theoretical basis for most 
of the unit operations involved in pharmaceutical dosage form develop- 
ment and production. Among these are the flow properties of gases and 
liquids, heat transfer, dissolution, comminution, dispersion, mixing, 
granulating, compressing, and antimicrobial treatment. 


In this period of high interest in biopharmaceutics, since a textbook 
on technology cannot overlook the biological aspects of pharmaceutical 
product development, a short third chapter covers pharmacokinetic 
modeling, methodology, and specific applications to bioavailability, 
sustained-release formulations, and new delivery systems. The fourth 
chapter treats the important and often neglected subject of pharma- 
ceutical excipients in accordance with the functional role of the excipient 
in a dosage form. A series of tables listing most of the commonly used 
excipients conveniently provides incomplete but useful technical infor- 
mation, including average concentration range. Standards for excipients 
and other forms of regulatory control are described, but deficiencies in 
existing standards and variability in controls receive minimal atten- 
tion. 


In covering the key subject of dosage forms, the fifth chapter requires 
over 40% of the total number of pages in the book. The subdivision of 
topics is based on physical form, route of administration, and sequence 
of unit operations. This approach proves to be an effective means of or- 
ganizing a large mass of technical material which, in general, is repre- 
sentative of the current state of pharmaceutics and process technology. 
The section on parenteral dosage forms and especially the discussions 
of production control methods and the organization and technological 
aspects of parenteral production operations are outstanding. 


In the sixth chapter, attention is directed to the protective role of 
packaging, the types of packaging materials used in pharmaceutical 
containers, and the various chemical, physical, and microbiological testa 
used to control their quality. A second section includes a brief review of 
packaging line operations. The last chapter deals with quality control 
assurance and begins with a rarely seen section on quality of design as 
studied during preformulation. This discussion is followed by material 
covering the suhsequent formulation studies, which involve drug release 
characteristics, bioavailability and tissue tolerance of various dosage 
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Simultaneous Automated Determination of Free and Total 
Sulfisoxazole and Sulfamethoxazole in Plasma and Urine 
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Abstract A fully automated method for the determination of sulfi- 
soxazole, “4-acetylsulfisoxazole, sulfamethoxazole, and N4-acetylsul- 
famethoxazole in human plasma and urine was developed. Untreated 
plasma is analyzed by automation of dialysis, hydrolysis, color develop- 
ment, and quantitation. The method has a sensitivity limit of 2 /rg/ml 
of plasma and has been used successfully to determine sulfonarnide levels 
following administration of sulfisoxazole and a combination drug product 
containing sulfamethoxazole and trimethoprim in humans. Samples are 
processed at the rate of 40 per hour, with a minimum of sample handling, 
data reduction, and materials. 


Keyphrases 0 Sulfisoxazole-automated analysis, human plasma and 
urine, with sulfamethoxazole Sulfamethoxazole-automated analysis, 
human plasma and urine, with sulfisoxazole 0 Automated analysis- 
sulfisoxazole and sulfamethoxazole, human plasma and urine Anti- 
bacterial agents-sulfisoxazole, sulfamethoxazole, automated analysis, 
human plasma and urine 


The ability to analyze numerous biological specimens 
rapidly has been the goal of many laboratories responsible 
for the routine application of analytical procedures. 
Samples resulting from bioequivalency and pharmacoki- 
netic studies have placed increased demands on labora- 
tories in recent years, in part due to increased drug regu- 
latory requirements and drug development programs. 


The sulfonamides have been determined in biological 
fluids by modifications of the Bratton-Marshall manual 
procedure since its publication in 1939 (1). All of these 
manual methods involve time-consuming sample prepa- 
ration$ and sequential additions of reagents to form the 
chromophore, which is then measured spectrophotomet- 
rically. Other analytical methods for sulfonamide deter- 
mination in various media including biological fluids, are 
fluorometry (2), TLC (3), GLC (4-61, and high-pressure 
liquid chromatography (HPLC) (7, 8). Although these 
methods often provided improved sensitivity and speci- 
ficity when compared to the nonspecific, although sensi- 
tive, colorimetric assay, they also involved additional 
sample preparatory steps, including solvent extractions, 
derivatization, evaporation, sample injection, and quan- 
titation. 


The need to process numerous samples in a single 
workday led to the development of the automated method 
described here. The procedure allows for the simultaneous 
determination of “free” sulfisoxazole (I) and “total” 
sulfisoxazole [predominantly N4-acetylsulfisoxazole (1111 
or sulfamethoxazole (111) and its major plasma metabolite, 
N4-acetylsulfamethoxazole (IV), in plasma and urine by 


* “Free” sulfonamide levels reflect those sulfonamides that react with the 
Bratton-Marshall reagents without hydrolysis. They reflect not only intact sul- 
fonamide hut any sulfonamide metabolite that still possesses a free rimary aro- 
matic amine group, e.g., NI- or ring N-glucuronides and possibly sufianilamide. 


2 “Total” sulfonamide levels include all free components lus ell metabolites 
that, upon acid hydrolysis, yield a substance capable of pro&cing the Bratton- 
Marshall chromophore. The N,-acetyl sulfonamide derivative is usually the major 
metabolite in humans. Generally, the sum of all of these components is expressed 
in equivalents of the intact drug. 


0 


I 


I1 
O H  


III 


lv 
employing the principles of continuous-flow analysis, with 
emphasis on reliability, Although use of continuous-flow 
systems is not unique, this procedure permits direct 
plasma analysis with no prior sample manipulation and 
utilizes automated dialysis, sample hydrolysis, and direct 
concentration readout. 


BACKGROUND 


The introduction of automated analytical equipment based on con- 
tinuous-flow principles and techniques in 1957 by Skeggs (9) and sub- 
sequent application of such techniques to sulfonamides made possible 
the rapid processing of numerous samples. Falk and Kelly (10) described 
a procedure for measuring free sulfisoxazole levels in dog plasma following 
drug administration. The automated procedure is adequate for dog 
plasma sulfonamide levels since that species does not acetylate sulfon- 
amides. It would be applicable to human plasma provided only free sul- 
fonamide levels were required. In pharmacokinetic and bioavailability 
studies in humans, however, both free and total sulfonamide levels are 
needed. The plasma levels of both intact sulfonamide and it$ N4-acety- 
lated metabolite must be measure( in renal insufficiency patients so that 
changes in the biotransformation and elimination of these compounds 
can be detected. 


A previously reported semiautomated procedure (1 1) for determining 
free and total sulfisoxazole levels in human plasma required manual 
hydrolysis of protein-free filtrates of whole blood or plasma prior to au- 
tomated colorimetry. A more recent procedure (12) for determining 
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Figure 1-Manifold for simultaneous automated determination of free and total sulfonamides in plasma and urine. Pump tubing, with size indicated, 
was all Tygon, except where noted. 


sulfamethoxazole still required manual sample preparation and hy- 
drolysis prior to automation to quantitate the N4-acetylated compo- 
nent. 


The fully automated system described here is capable of simulta- 
neously measuring free and total sulfi~oxazole~ or sulfameth~xazole~ in 
undiluted plasma and in diluted urine. The sensitivity requirements for 
the determination of I and 111 in human plasma depend on the dose ad- 
ministered and typically range from 2 to 200 pglml of plasma during 24 
hr following a single oral 2.0-g dose in normal subjects (13,14). The au- 
tomated system has a sensitivity limit of -2 pg of I or III/ml of plasma, 
is precise, and can accelerate analysis greatly with a minimum of sample 
handling. 


EXPERIMENTALK 


Reagents-All chemicals were reagent grade: hydrochloric acid, 0.5 
N containing 1 ml of surfactant6/liter; hydrochloric acid, 10 N; sodium 
nitrite, 0.1% aqueous’, containing 0.5 ml of surfactant%ter; ammonium 
sulfamate, 0.5% aqueous7, containing 0.5 ml of surfactant6/liter; N - (  1- 
naphthy1)ethylenediamine dihydrochloride, 0.1% aqueous7; methanol; 
and concentrated ammonium hydroxide. 


Standards-Compounds of pharmaceutical grade purity (>99%) were 
used to prepare the analytical standards: sulfisoxazole (I) (N1-(3,4- 


* Sulfisoxazole is the active drug substance in Gantrisin, Roche Laboratories 
Division, Hoffmann-La Roche Inc. ‘ Sulfamethoxazole is the active drug substance in Gantanol and one active 
component in the combination drug Bactrim (combination of sulfamethoxazole 
and trimethoprim), both products of Roche Laboratories Division, Hoffmann-La 
Roche Inc. 


5The equipment and instruments used were one Technicon sampler IV 
(Technicon Instruments Corp., Tarrytown, N.Y.); one Technicon proportioning 
pump, model 111; two Technicon colorimeters equipped with 15-mm flowcells and 
550-nm interference filters; two Technicon voltage stabilizers; two Technicon an- 
alytical cartridges containing 24-in. dialyzers with type “C” premount dialysis 
membranes and Auto Analyzer I1 glassware; and one Technicon two-pen recorder 
(chart speed 60 in./hr) for use with Technicon digital printer, one Technicon 
modular digital printer (two channel), and one Techne heating module, modified 
Dri-block model DB-3 (Techne, Inc., Princeton, N.J.), machined to accept a 7.7-ml 
capacity Technicon coil (Fig. 1). 


Stored refrigerated in an amberized or light-protected container; stable for 
several weeks. 


6 Brij-35 (Technicon). 


dimethyl-5-isoxazolyl)sulfanilemide], mol. wt. 267.31; Nr-acetylsulfi- 
soxaole (111, mol. wt. 309.35; sulfamethoxazole (111) [N1-(5-methyl-3- 
isoxazolyl)sulfanilaide], mol. wt. 253.28; and N4-acetylsulfamethoxale 
(IV), mol. wt. 295.32. 


Standard Solutions for Plasma Analysis-Solutions of I-IV were 
prepared as follows. Ten mg of I and I11 and 11.6 mg of I1 and IV were 
weighed into separate 10-ml volumetric flasks. The compounds were 
dissolved in absolute methanol to yield 1 mg of I and III/ml and solutions 
of I1 and IV equivalent to 1 mg of I and III/ml. These solutions were used 
to prepare internal standards of I-IV in plasma. 


Standard Solutions for Urine Analysis and Aqueous Standard 
Curues-Aqueous stock solutions of I-IV were prepared as follows. One 
hundred milligrams of I and 111 and 116.6 mg of I1 and IV were weighed 
into four separate 100-ml volumetric flasks. About 10 ml of distilled water 
was added to  suspend the compounds, and a sufficient amount of con- 
centrated ammonium hydroxide was added (dropwise) to dissolve them. 
Solutions were brought to volume with distilled water to yield 1 mg of 
I and III/ml and solutions of I1 and IV equivalent to 1 mg of I and Wml.  


50p01rnl 


Figure 2-Chart recordings of aqueous standard solutions of 111 ana- 
lyzed on the automated manifold. Key: -, free channel; and - - -, total 
channel. 
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Table I-Standard Curve Preoaration 


Concentration, 
Ccg/ml I-IV, ml 


10 
20 
30 
40 
50 
75 


1lm 


1.0 
2.0 
3.0 
4.0 
5.0 
7.5 


11-10 


With the aqueous stock solutions of each standard I-IV, the aliquots 
shown in Table I were pipetted into four separate 100-ml volumetric 
flasks and diluted to volume with distilled water. 


For convenience, these solutions were stored in 125-ml plastic drop- 
dispensing bottle@ under refrigeration. The squeeze-type bottles pro- 
vided a quick means of transferring the standards to sample cups for 
analysis. The dilutions were used to establish standard curves and to 
determine percent recovery, dialysis, and hydrolysis. 


Sample Preparation-Plasma-An internal standard of 50 pg of 
sulfonamide/ml of plasma was prepared by evaporating 500 pl of the 
methanolic standards of I and 11 or 111 and IV to dryness in a 15-ml 
glass-stoppered centrifuge tube, adding 10 ml of plasma (control, drug 
free), and mixing welle to dissolve the compounds in the plasma. Un- 
known plasma specimens were run without dilution by transfer of -1.5 
ml into sample cupslo and placement on the sampler. 


Aqueous sulfonamide standards were run by transferring -1.5 ml into 
sample cups along with the unknowns at  concentrations of 10,20,30,40, 
50,75, and 100 pglml. These standards were used to establish a curve and 
to determine the percent recovery of dialysis, percent hydrolysis of the 
50-pg/ml internal standards, and linearity of response. 


Urine-One milliliter of urine was diluted to 20 ml with distilled water, 
and -1.5 ml was transferred to sample cups for analysis. 


An internal standard of 50 pg of sulfonamide/ml of diluted urine was 
prepared by adding 1 mg (1.0 ml) of the aqueous stock standard solutions 
of I and I1 or 111 and 1V separately to 1.0-ml urine samples (control, drug 
free) in a 25-ml graduated cylinder and diluting to 20 ml with distilled 
water. 


External aqueous Standards, ranging in concentration from 10 to 100 
pg of eulfonamide/ml, were run along with the samples to determine 
percent recovery of dialysis and hydrolysis. 


Unknowns that were off scale were diluted further and then were 
reanalyzed. 


Automated Analytical Procedure-"he complete automated system 


OU - I 
M r u l m l  I , 


bp 5 0 -  


rn rri 


rn w 
a 30- 


\I,,k 
'-- 


Figure 3-Chart recordings of indicated amounts of Ill added to 
plosmo and analyzed by the automated manifold. Key: -, free; and - - -, 
total. 


Nalgene Labware, Rochester, N.Y. 
9 Vortex mixer. 


LOTechnicon, polystyrene, 2-rnl size, conical base or equivalent. 


Table 11-Percent Dialysis, Hydrolysis, and Recovery of 
Compounds I-IV 


- -  


Percent 
Sample and Concentration Percent Percent Recovery 


Range Dialvsis Hvdrolvsis [Overall) 


10-100 pg of Um1, aqueous 
10-100 pg of I/ml of plasma 
10-100 pg of Wml, aqueous 
10-100 pg of II/ml of plasma 
10-75 pg of IWml, aqueous 
10-75 Fg of III/ml of plasma 
10-75 pg of IV/ml, aqueous 
10-75 fig of IV/ml of plasma 


- 
96.1 
87.3 
47.2 


93.5 
79.6 
50 


- 


100 - 
- 96.1 


84.8 74.0 
84.8 40.0 
- 100 
- 93.5 


79.6 63.4 
79.6 39.8 


is diagrammed in Fig. 1. The sampler was operated a t  a rate of 40 sam- 
pleshr using a 12-sec wash". All pump tubing lines were placed in dis- 
tilled water containing 0.5 ml of surfactant6/liter and allowed to pump 
through the entire system for 5 min. Then the lines were transferred to 
appropriate reagent containers and pumped for a t  least 15 min to es- 
tablish reagent baselines for each channel on the recorder. 


Approximately 3.0 ml of the internal standard (50 pg/ml of plasma or 
50 pg/ml of diluted urine) waa transferred to a 3.6-ml conical base sample 
cup and placed on the sampler. The sampler probe was placed into the 
cup and allowed to sample for 2-2.5 min, introducing a continuous sample 
stream to permit adjustment of the "steady-state" plateau generated on 
the recorder for the internal standard. Day-to-day instrumental fluctu- 
ations were elimineted by adjustment of the colorimeter sensitivities for 
each module (free and total) to give a set recorder deflection (50% of full 
scale). 


Once this parameter was established, the identical internal standard 
was placed in two or three sample cups (2.0 ml) and run with the sampler 
operating at a rate of 40 per hour to adjust the digital printer", which 
provided a concentration readout based on peak height of the recorder 
response and preset calibration of the digital printer range. 


The internal standards containing 50 pg of I or 50 pg of IWml of plasma 
or diluted urine served to adjust both the free and total channel (digital 
printer and recorder) results. In this manner, a more precise estimation 
of the total concentration could be attained (see Calculations). 


The manifold was designed for the simultaneous determination of free 
and total sulfonamide by use of an initial sample stream splitter and 
parallel analytical manifolds, one for free sulfonamide (without hydrol- 
ysis) and the other for total sulfonamide (with hydrolysis) (Fig. 1). The 
free sample stream was adjusted so that ita chart recording did not 
coincide with that of the total peak recording. This was accomplished by 
introduction of time delay coils (10 or more turns, as required) after the 
addition of N-( 1-naphthy1)ethylenediamine dihydrochloride and before 
the colorimeter in the hydrolysis cartridge. In this manner, the free and 
total results associated with a particular sample were not confused. A 
two-pen recorder with different colored inks for each channel was 
used. 


8O'r 


6 0 1  


ae 
w- 60 
rn ; 40 
rn 2 30 


20 


10 


[ , ;p ! 
I 8 5 


8 


Figure 4-Chart recordings showing responses for the same concen- 
trations of I I I  and IV in plasma and in aqueous solution analyzed by 
the automated manifold. Key: -, free; and - - -, total. 


I '  Digital printer controlling samples and wash cycles. For digital printer oper. 
ation. refer toTechnicon Operations Manual TA1-170-10. 
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PROTEIN- FREE FILTRATE 


RESULTS 


Standard Curves-The aqueous standards were added to individual 
sample cups, and their responses were used to establish a calibration curve 
for 10-100 pg/ml. Typical responses are illustrated in Fig. 2 for aqueous 
I11 standards in the range of 10-50 pg/ml. Typical responses of I11 added 
to plasma (10-75 pglml) and analyzed by the automated procedure are 
shown in Fig. 3. For the analysis of urine samples, the identical standards 
were used to establish a calibration curve. 


Calculations and Determination of Percent Recovery-Calcula- 
tion of plasma and urine concentrations required determination of the 
degree of metabolite hydrolysis to intact compound and the extent of 
metabolite dialysis (or recovery) from the plasma and urine matrix. These 
factors were determined for I-IV separately in plasma and in urine by 
running standards, added to plasma through the dialysis system and 
following them with aqueous standards of the same concentrations (Fig. 
4). The percent recovery values of I-IV from plasma and the percent 
hydrolysis values of I1 to I and of IV to 111 are summarized in Table 11. 


In calculating the results from unknown specimens following dialysis 
and hydrolysis, it was unnecessary to introduce any correction for the 
free analysis since the colorimeter and digital printer were adjusted using 
the I or 111 internal standard. The total analysis represents an amount 
of I or 111 equal to the already determined free plus the amount of I1 or 
IV dialyzed, converted to free by acid hydrolysis, and measured colori- 
metrically following reaction. Thus, to determine the amount of N4-acetyl 
metabolite in the sample, these equations are used: 


total pg/ml - free pg/ml = pg of I1 or 1V/ml (Eq. 1) 


(pg of I1 or IV/ml) (dialysis factor) 
X (hydrolysis factor) = corrected pg of I1 or IV/ml (Eq. 2) 


Assay Specificity-Interferences from drugs with primary aromatic 
amine groups other than the sulfonamides or their metabolites can pro- 
duce false-positive values. In controlled studies, e.g., bioequivalency or 
pharmacokinetic studies, this interference can be held to a minimum or 
eliminated entirely by screening of individuals. In such studies, the 
classical free and total sulfonamide measurements in plasma represent 
primarily intact parent drug (free) and Nd-acetyl metabolite (total - 
free), as demonstrated by Rieder (15,16) using a procedure developed 
to quantitate the intact, active sulfonamide component in plasma. 


In another study, comparison of results by TLC densitometric and 
colorimetric assays demonstrated essentially no differences in the plasma 


PLASMA a? URINE 


sulfonamide levels (17). Therefore, the colorimetric assay is specific for 
plasma sulfonamide determinations. Interferences from other drug 
substances, which can occur in clinical situations, are generally not a 
major problem in plasma since the sulfonamide levels following the rel- 
atively high doses used therapeutically far exceed levels of other classes 
of compounds (e.g., benzodiazepines). In addition, no interferences in 
the colorimetric assay were reported due to trimethoprim, chloram- 
phenicol, tetracycline, colistin, and ampicillin, all of which are often 
administered in situations requiring sulfonamide therapy (12,18,19). 


Standards of the following benzodiazepines were introduced into the 
automated system: bromazepam (V), demoxepam (VI), and N -  
desmethyldiazepam (VII) (Scheme I). Each of these compounds, in ad- 
dition to chlordiazepoxide, oxazepam, lorazepam, and other 1,4-benzo- 
diazepines, is capable of being acid hydrolyzed to the corresponding 
benzophenone, which contains a primary aromatic amine and will, 
therefore, give a positive Bratton-Marshall diazotization reaction under 
the conditions used in the automated sulfonamide assay. However, only 
concentrations greater than 2 pg of benzodiazepine/ml could be detected, 
so plasma samples containing benzodiazepines would have to be present 
in much higher than usual therapeutic concentrations to cause errors in 
the sulfonamide quantitation. In addition, the extent of dialysis of these 
compounds from a biological matrix has not been established and could 
further reduce potential interferences. 


In urine, free and total sulfonamides were measured. However, me- 
tabolites other than the N4-acetyl metabolite, e.g., the N1- and the ring 
N-glucuronides, represent a significant percentage of the urinary ex- 
cretion products in humans (20). Therefore, free and total measurements 
in urine by the automated assay yield results only in terms of equivalents 
of intact drug and the N4-acetyl derivative. The urinary data are useful, 
however, in determining the pcrcent recovery of the administered dose 
and for monitoring purposes. 


Application to Biological Specimens-Plasma samples collected 
following the intravenous administration of 2 g of I to one subject in a 
study to determine the pharmacokinetic profile of the drug in anephric 
patients were analyzed by the manual sulfonamide procedure (1) and by 
the described automated procedure. Plasma I concentrations ranged from 
11 to 134 pg/ml and metabolite levels (total - free) were from 16 to 117 
pg/ml in a set of 18 specimens collected over 4 days. The coefficients of 
correlation between the two methods were 0.999 and 0.970, respectively, 
for the two data sets. 


Study designs that involved oral administration of the combination 
product containing 111 and trimethoprim to humans provided for whole 


I I 
DIALYSIS DIALYSIS I 


I 


1390 / Journal of Pharmaceutical Sciences 
Vol. 68, No. 11, November 1979 


HYDROLY S I  s 
CAPTRIDGE 


I 
HYDROLYSIS 


CARTRIDGE 


I 
ANALYTIC A L ANALYTICAL ANALYTICAL 


CARTRIDGE CARTRIDGE CARTRIDGE 
ANALYTICAL 


CARTRIDGE 


OTAL' SULFONAYIDE 
DETERYINATION DETERM IN ATION 


OTAC SULFONAYID 
DETERMINATION DETERYINATION 


COLORIYETER COLORIYETER COLORIYETER COLORIYETER 







H O  I h  


2-amino-5-bromobenzoylpyridine V 


H 


I, 
NH, 


‘HZ strong acid 
t .̂ 


VI 2-amino-5-chlorobenzophenone 
acid 
hydrolysis t 


H 


VII 
Scheme I-Structures of three benzodiazepines (V-VII) and the hy- 
drolysis conditions under which a benzophenone containing a primary 


aromatic amine function is produced. 


blood specimens rather than plasma. In these studies, a minor modifi- 
cation of the automated method involved preparation of protein-free 
filtrates of whole bloodI2 (11) and used the same automated manifold 
(Fig. 1) with dialyzers removed from both channels (Fig. 5). There was 
no increase in sensitivity by using whole blood or a protein-free filtrate 
for analysis, and the results were analytically similar to those obtained 
using direct untreated plasma (Fig. 6) for standards of 111 added to blood. 
In a series of blood samples collected from subjects who had received a 
combination of 2 g of sulfamethoxazole plus 400 mg of trimethoprim 
orally, the blood levels ranged from 11 to 65 pg of free sulfamethoxa- 
zolelml of blood and from 9 to 94 pg of total sulfamethoxa- 
zolelml. Comparison of 25 data sets analyzed by the manual and auto- 
mated methods showed a coefficient of correlation of 0.996 for the free. 
For 51 sets of data for the total analyses, the coefficient of correlation was 
0.990. 


DISCUSSION 


During the development of this automated methodology, certain in- 
consistencies were discovered when the Nr-acetyl metabolites of I and 
111 were analyzed. Compounds I1 and IV were not as extensively dialyzed 
from the plasma matrix as I and I11 (Table 11); only by running standards 
of those compounds alone, with and without plasma, could a suitable 
correction factor be introduced into the calculations. The alternative was 
to prepare and hydrolyze manually the protein-free filtrates as previously 
reported (11,12). The automated method successfully overcomes these 
problems; by coupling the system to a suitable peak height detection 
system”, direct concentration readout was accomplished. It is still nec- 


Attem ta to dialyze whole blood directly in this automated system were un- 
successful sue to clogging of tubing and dialyzers. 


30 


10 


Figure 6-Chart recording showing, from left to right: steady-state 
plateau of a continuously sampled 5 pg of IIIIml of protein-free filtrate 
(equiualent to 50 pg of 111 added to 0.5 ml of blood) (1 I); duplicate de- 
terminations of the same sample analyzed at  40 per hour rate; and 
dupiicate determinations of a series of aqueous standards of increasing 
concentrations (2,4,6, and 8 pg of IIllml). Key: -,free; and - -  -, total; 
using the automated manifolds without dialyzers (Figs. 1 and 5) .  


essary to prepare internal standards for the automated system and to 
tool-up the system prior to sample introduction. However, once this is 
accomplished, the system is capable of operating an entire workday and 
beyond if new samples are placed in the sampler tray as the samples are 
processed. 


The rate of automated analysis is 40 samples per hour, which allows 
for 200-240 samples per workday, leaving sufficient time for startup and 
washout periods after all analyses are completed. It is unlikely that any 
other available analytical method could provide results at the same rate 
and with as little sample manipulation, glassware, and time as the auto- 
mated plasma method. Although the recently published HPLC procedure 
for sulfisoxazole in plasma (8) is fairly rapid, sample manipulation is still 
extensive. The procedure requires centrifugation and transfer of the 
supernate followed by injection into the liquid chromatograph, so the 
number of samples and standards that could be processed in a single day 
would be -30. 


In addition, the automated system is flexible in that it is easily con- 
verted to a colorimetric reaction system (without dialyzers) when sample 
preparation must be performed manually (Fig. 5). The reaction system 
also is useful for processing compounds other than sulfonamides if they 
yield a primary aromatic amine following acid hydrolysis (Scheme I). 
Although no immediate application was found for the benzodiazepines 
other than to demonstrate this feasibility, automated acid hydrolysis can 
be an interface with other automated analytical procedures when re- 
quired. This application would be useful only when the reactant con- 
centrations were in microgram quantities or where other more sensitive 
techniques (e.g., fluorometry) were employed following hydrolysis. 


In conclusion, although more sensitive instrumentation and specific 
methodologies have been developed in recent years, the classical Brat- 
ton-Marshall method for sulfonamide quantitation in biological fluids 
remains useful in certain analytical situations, such as in bioequivalency 
studies involving in uiuo comparison of formulations containing sulfi- 
soxazole and sulfamethoxazole. In such situations, the administered dose 
is sufficiently high to permit the use of the colorimetric assay (Bratton- 
Marshall) to define a plasma level-time profile for a t  least 24 and possibly 
48 hr. By totally automating the analysis following the introduction of 
untreated plasma into the system, the analyst is freed of manual sample 
preparation steps. 


REFERENCES 


(1) A. C. Bratton and E. K. Marshall, Jr., J. Biol. Chem., 128,537 


(2) Y. Ogawa and T. Matsuo, Ann. Rep. Shiongi Res. Lab., 13, 23 


(3) C. W. Sigel, J. L. Wooley, Jr., and C. A. Nichol, J. Pharm. Sci., 


(4) R. J. Daun, J. Assoc. Off. Anat. Chem., 54,1277 (1971). 
( 5 )  E. Roder and W. Stuthe, Anal. Chem., 266,358 (1973). 
(6) N. Nose, S. Kobayashi, A. Hirose, and A. Watanabe, J. Chro- 


(7) S. C. Su, A. V. Hartkopk, and B. L. Karger, ibid., 119, 523 


(8) G. W. Peng, M. A. F. Gadalla, and W. L. Chiou, Res. Commun. 


(9) L. T. Skeggs,Am. J. Clin. Pathol., 28,311 (1957). 


(1939). 


(1963). 


64,973 (1975). 


matogr., 123,167 (1976). 


(1976). 


Chem. Pathol Pharmacol., 18,233 (1977). 


(10) H. B. Falk and R. G. Kelly, Clin. Chem., 11,1045 (1 965). 


Journal of Pharmaceutical Sciences 1 1391 
Vol. 68, No. 11. November 1979 







(11) S. A. Kaplan, R. E. Weinfeld,andC. W. Abruzto, Adv. Automated 


(12) A. Bye and A. F. J. Fox, Clin. Chem., 20,288 (1974). 
(13) S. A. Kaplan, R. E. Weinfeld, C. W. Abruzzo, and M. Lewis, J. 


(14) S. A. Kaplan, R. E. Weinfeld, C. W. Abruzzo, K. McFaden, M. L. 


(15) J. Rieder, Chemotherapy, 17, l  (1972). 
(16) Ibid., 22,84 (1976). 
(17) C. W. Sigel, M. E. Grace, C. A. Nichol, and G. H. Hitchings, J. 


Pharm. Sci., 63,1202 (1974). 
(18) D. E. Schwartz. B. A. Koechlin, and R. E. Weinfeld, Chemo- 


Anal., 2,405 (1971). 


Pharm. Sci., 61,773 (1972). 


Jack, and L. Weissman, J. Infect. Dis., Suppl., 128, S547 (1973). 


therapy, Suppl., 14,22 (1969). 


1865 (1973). 
(19) S. A. Kaplan, R. E. Weinfeld, and T. L. Lee, J. Pharm. Sci., 62, 


(20) J. Rieder, J.  Infect. Dis., Suppl., 128, S567 (1973). 


ACKNOWLEDGMENTS 


The authors thank the Special Treatment Unit of Newark Beth Israel 
Medical Center for conducting the human studies, Mr. R. McClynn for 
the drawings of the figures, and Mrs. V. Waddell for the preparation of 
this manuscript. 


Pharmacokinetics and Relative Bioavailability of 
Oral Theophylline Capsules 


L. J. LESKO *Ix, A. T. CANADA *, G. EASTWOOD $, 
D. WALKER *, and D. R. BROUSSEAU 8 


Received January 12,1979, from the *Pjeiffer Clinical Pharmacokinetics Laboratory, Massachusetts College of Pharmac9, Boston, MA 021 15, 
the University of Massachusetts Medical Center, Worcester, MA 01605, and 4Fisons Corporation, Bedford, MA 01 730. 
publication April 20,1979. TPresent address: Drug Concentration Laboratory, University of Massachusetts Medical Center, Worcester, MA 
01605. 


Accepted for 


Abstract The oral bioavailability of liquid-filled theophylline capsules 
relative to a nonalcoholic aminophylline solution was determined in 
normal volunteers. In addition, theophylline absorption and elimination 
kinetics were reexamined. There were no statistically significant differ- 
ences between the bioavailability of capsules and liquid as measured by 
the area under the curve (AUC) from time 0 - m ( p  > 0.05). The bio- 
availability parameters of C&,, t,,,, and AUC were determined from 
actual serum theophylline concentration-time data and from a nonlinear 
least-squares fit of the serum concentration-time data. Theophylline 
absorption from the capsules was noticeably faster than from the liquid 
in most subjects, although the differences in absorption rates were not 
significantly different ( p  > 0.05). The determined apparent volume of 
distribution, elimination half-life, and plasma clearance of theophylline 
were similar to values reported by other investigators. Marked inter- and 
intraindividual variations in the elimination half-life were noted. 
Keyphrases Theophylline-oral dosage forms, pharmacokinetics, 
bioavailability, capsule compared to liquid Muscle relaxants (smooth 
muscle)-theophylline, oral dosage forms, pharmacokinetics, bioavail- 
ability, capsule compared to liquid Bioavailability-theophylline, 
various oral dosage forms 


~~~~~ 


The clinical importance of satisfactory oral theophylline 
bioavailability is well recognized in the scientific and 
medical communities. Bioavailability problems, particu- 
larly with tablets and capsules, are thought to  be related 
primarily to the dosage form formulation and not to 
physiological factors that influence absorption (1). 


Although reported bioavailability studies of various 
theophylline oral dosage forms have demonstrated satis- 
factory bioavailability, all commercial oral theophylline 
dosage forms may not have equally satisfactory bioavail- 
ability (2,3). It is important to evaluate the bioavailability 
of each theophylline formulation to confirm that formu- 
lation factors do not affect in uiuo absorption. 


One major goal of this investigation was to evaluate the 
relative bioavailability of liquid-filled oral theophylline 
capsules' in a random, crossover study. The rationale was 


* Somophyllin capsules, lots 02977 and 07677, Fisons Corp., Bedford, Mass. 


to determine if any formulation factors associated with 
liquid-filled capsules might affect theophylline bioavail- 
ability when compared to the bioavailability from a 
nonalcoholic, rapidly absorbed aminophylline oral liquid2. 
Another major goal was to examine the absorption and 
elimination kinetics of theophylline when administered 
as a liquid-filled capsule or as a liquid. 


EXPERIMENTAL 


Subjects-Seven male and seven female subjects, 21-40 years old, were 
selected with the approval of the Institutional Human Subjects Review 
Committee. Valid written informed consent was obtained from each 
subject prior to entrance into the study. The body weight (mean f SD, 
67 & 12 kg) of the volunteers was within 10% of normal limits for their 
height and build (4). 


All subjects were determined to be in good physical health, with no 
history of alcoholism or cardiovascular disease. They were judged to be 
medically sound based on a medical history, physical examination, vital 
signs, ECG, and the usual battery of blood and urine clinical chemistry 
tests. All subjects were nonsmokers and, had not smoked regularly a t  any 
time within the last 3 years. 


All subjects were instructed to refrain from any medication for a t  least 
7 days prior to the study and to abstain from alcohol and xanthine-con- 
taining foods or beverages for 24 hr prior to dosing. All volunteers were 
fasted, with the exception of water, for 12 hr prior to dosing, and the 
fasting was continued for 4 hr after dosing. A modest meal, low in car- 
bohydrates and fat, was served at  4 hr, and a light dinner, likewise low 
in fat and carbohydrates, was served at  8 hr after dosing. 


Drug Administration and Blood Sampling-On each study day, 
an oral dose equivalent to 300 mg of anhydrous theophylline was ran- 
domly administered either as liquid-filled capsules or as a nonalcoholic 
aminophylline solution. Previous analysis for potency showed the cap- 
sules to contain 98% of the label claim. The study days were separated 
by a washout period of 7 days, after which the subjects took the alternate 
formulation. On each study day, the subjects were administered the 
medication with 240 ml of water a t  approximately 800 am. 


Predose blood samples (1 ml) were obtained immediately before dosing 
via an indwelling catheter in the forearm vein. After dosing with the 
capsules, blood samples were collected at  0.25,0.5,0.75, 1,1.5,2,3,4,5,  
6,7,8,10,12,16, and 24 hr. After dosing with the liquid, blood samples 


* Somophyllin oral liquid, lot 02287, Fisons Corp., Bedford, Mass. 
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Abstract 0 The ionization kinetics of 1,3-diketone carbon acids are slow 
relative to those of classical acids and bases. The ionization kinetics of 
three 4’-substituted 2-phenyl- 1,3-indandiones, 4’-chloro-, 4’-methoxy-, 
and 2-phenyl-1,3-indandione itself, were studied at 25’ and ionic strength 
0.1 using stopped-flow spectrometry and a pH jump technique. A log 
k&-pH profile for the approach to the ionization equilibrium was con- 
sistent with a reaction scheme postulated earlier for the ionization of 
another carbon acid, phenylbutazone. The percent enol uersus diketo 
form of the acids and the pK&,,l and pKQ,keto were calculated from the 
kinetic data. Hammett plots of the various kinetic and equilibrium 
constants supported a mechanism for acid deprotonation consistent with 
proton abstraction being the predominant process when very weak bases 
such as water were the proton acceptors. Desolvation effects and the work 
required to get the two reacting molecules together in the correct con- 
figurations predominated when the proton abstraction was by stronger 
proton acceptors. 


Keyphrases 0 Carbon acids-ionization kinetics, stopped-flow spec- 
trophotometric and pH jump analysis Ionization kinetics-carbon 
acids, anisindione, phenindione, clorindione Anticoagulants-anis- 
indione, phenindione, clorindione, ionization kinetics 


The objective of this study was to compare the kinetics 
and ionization of the 1,3-diketone carbon acids anisindione 
(I), phenindione (II), and clorindione (111). All three 
compounds are used clinically as anticoagulants. The 
ionization kinetics of phenindione and phenylbutazone, 
two carbon acids of pharmaceutical interest, were reported 
previously (1,  2). Kinetic data for the deprotonation of 
various carbon acids have appeared in the chemical liter- 
ature, but few studies of the effects of electron-with- 
drawing and electron-donating groups on the ionization 
kinetics and mechanism have been reported. The reported 
chemical studies have concerned acids of fairly high pKa 
(3, 4) or substituted nitromethane carbon acids (3, 5- 
12). 


The objectives of this work were to study the effects of 
electron-withdrawing and electron-donating substituents 


0 


‘R 
I: R = OCH, 


11: R = H 
111: R = CI 


on ionization kinetics of 1-111 and to determine whether 
the results supported a model proposed previously for 
phenindione ionization (1). 


EXPERIMENTAL 


Phenindione’ and anisindionez were used as received. Clorindione was 
prepared by the reaction of phthalide and p-chlorobenzaldehyde in a 
sodium ethoxide-ethanol solution using a literature procedure (13) for 
the synthesis of various 2-phenyl- 1,3-indandiones. All other materials, 
kinetic procedures, conditions, and methods of pKa determination were 
identical to those described previously (1). 


RESULTS AND DISCUSSION 


The macroscopic dissociation constants for 1-111, determined spec- 
trophotometrically in aqueous solution at  25’ and g = 0.1, are given in 
Table I. These values compare favorably with the literature values for 
the pKa’s when solvent differences are considered. 


Figure 1 is a plot of log kbb uersus pH for the approach to ionization 
equilibrium for 1-111. The rate constant k& is the pseudo-first-order 
observed rate constant for the approach to ionization equilibrium ex- 
trapolated to zero buffer concentration. A possible model for the ion- 
ization kinetics of 1-111 is given in Scheme I. This model is identical to 
the scheme postulated previously for phenylbutazone ionization (2). 


The predominant neutral form of 1-111 in aqueous solution is the diketo 
species, K, rather than the enol species, E (14). The dissociated form of 
1-111 is the so-called mesomeric anion, E- (17). The macroscopic disso- 
ciation constant Ka, the percent enol, and kbb for the approach to ion- 
ization equilibrium in the absence of buffers are best described by Eqs. 
1-3 (2): 


Table I-Macroscopic Ionization Constants for  Anisindione , 
Phenindione, and Clorindione Determined 
Spectrophotometrically at 25 f 0.1’ and p = 0.1 with Sodium 
Chloride 


Compound, Literature pKa 
Wavelength Used, nm pKa Values 


Anisindione, 330 4.13 4.09 (14). 4.25 (15), 5.6 (16) 
Phenindione, 326 4.09 4.10 (14), 4.13 (15). 5.4 (16) 
Clorindione, 284 3.59 3.54 (14), 3.72 (15), 4.8 (16) 
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Table 11-Kinetic and Equilibrium Constants for the Ionization 
of 1-111 a t  25" and p = 0.1 with Sodium Chloride 


Table 111-Values of ~ G B  for  Various General Bases as well as 
Water and Hydroxide Ion for the Deprotonation at 25' and p = 
0.1 for 1-111 


Parameter I I1 111 P a  


-0.11 0 +0.23 ..._ 


5 6.9 13 1.22 
6.7 x 104 6.5 x 104 3.5 X 104 -0.88 
106- 107 106-107 106-107 -c  


7.5 x 10-6 1.1 x 10-4 3.7 x 10-4 2.08 


10-3-10-4 10-3-10-4 10-3-10-4 - C  


7.1 X 4.2 X 1.2 X 1.77 


2.52 2.34 1.92 - 
4.12 3.96 3.43 - 
4.14 3.97 3.44 - 
4.13 4.09 3.59 - 
2.4 2.6 3.0 - 


The p value refers to the slope of log k uersus u for 1-111 and is a measure of the 
relative sensitivity of the arameter k to electron-donating and electron-with- 
drawing grou s * The u vafue refers to the Hammett u value for the various sub- 
stituents. R. #he u values used were those for the ionization of phenols. G. B. Berlin 
and D. D. Perrin, Q. Reu., 20,75 (1966). Because of the inaccuracy in the values 
of these two rate constants, Hammett u plots were not attempted. 


Ka,diketo 


0 ___c *I 0 
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II 
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Scheme I 


Treatment of the koh data as previously described (1) allows estimates 
of the constants kl, k2, &3, k4, &,diketo, and Ko,enol as well as k c B  and ~ C A  
for those buffers used in the study. Table I1 summarizes the calculated 
buffer-independent kinetic and equilibrium constanb. The values for 
the constants placed into Eq. 3 were used to generate the solid lines in 
Fig. 1. Apparently, Eq. 3 and Scheme I adequately describe the observed 
values, although, as discussed previously (1,2), alternative mechanisms 
and schemes may be possible. The pKa values determined from the ki- 
netic data compare favorably to those determined experimentally. 


Unfortunately, little confidence can be placed on the k3 values given 
in Table I1 since the pH range where the hydroxide-ion-catalyzed proton 
abstraction begins to be significant is also the region where stronger bases, 
buffers of high pKa', must be used to control the pH. Normally the buffer 
concentration is varied while the pH is maintained constant and plots 
of k o h  versus buffer concentration are extrapolated to zero buffer con- 
centration to obtain k&. The constant  kc^ can be calculated from the 
slopes (1). With stronger bases like morpholine, the plots have such a large 
slope that intercept values become very inaccurate. The use of lower 
buffer concentrations is not possible because the desired final pH cannot 
be maintained. All k 3  values appear to be between lo6 and lo7 M-' sec-l 
for 1-111. Similarly, the accuracy of the k4 values, which are calculated 
from k3 and ka,dik&, is limited by the accuracy of the k3 values. 


Although Eq. 3 appears to describe adequately the protonation and 
deprotonation kinetics of 1-111 in the absence of acids and bases other 
than water, analysis of kinetic data in the presence of general acids (GA) 
and bases (GB) (buffer components) requires a more complex equation. 
The observed pseudo-first-order rate constant for the approach to ion- 
ization equilibrium a t  constant pH could be described by Eq. 4 (1): 


koba = kbbs + kce[GB] + ~ G A [ G A ]  (Eq. 4) 


The constants k C A  and k G B  can be determined for various buffer 


General Base k;, k3, or kcs, M-1 sec-1 
(pKa') I I1 111 P a  


HzO (-1.74) 9.0 X lo-* 1.24 X lo-' 2.34.X lo-' 1.22 
Pyridine (5.28). 2.7 X lo3 3.6 X 103 3.8 X lo3 0.39 
3-Methylpyrldine 4.6 X lo3 5.2 X lo3 7.1 X lo3 0.56 


15 761 
\".I", 


4-Methoxypyridine 5.7 X lo3 6.5 X 103 1 X lo4 0.73 
(6.64) 


Imidazole (7.10) 5.2 x 103 5.7 x 103 8.0 x 103 0.56 


OH- (15.74) 106-107 106-107 106-107 -c 
Morpholine (8.53) 5.0 X lo4 4.8 X lo4 7.6 X lo4 0.59 


0 The p values have the same meaning as that described in Table 11. The u valuea 
used for substituenta R also were the same. b These numbers are equal to k1155.5 
= k;; i.e., k l  is a pseudo-first-order rate constant that has to be corrected for the 
water concentration, 55.5 M, to convert it to the second-order rate constant k l .  


Because of the ks inaccuracy, Hammett plots were not attempted. 


species if the ionization kinetics of 1-111 are determined at various buffer 
concentrations and pH values (1). Table I11 is a compilation of some 
calculated  kc^ values for all buffer and water species studied for 1-111. 
The conjugate acids of these bases did not show any significant general 
acid catalysis. 


The effects of various electron-donating or electron-withdrawing 
substituenb on any kinetic or equilibrium constant are best quantitated 
by linear free energy relations such as the Hammett equation: 


log klko = po (Eq. 5) 


Equation 5 assumes that a free energy difference in any rate or equilib- 
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Figure 1-Log kbbs versus p H  for the establishment of the ionization 
equilibrium for anisindione (O), phenindione (01, and clorindione (A). 
The broken lines at pH > 7 represent k3 having the limits of 106-107 
M-I sec-l. The lack of reproducibility of the data at pH > 8 precludes 
placing an accurate value on k3. The solid lines drawn at pH > 7-8 are 
simply the best eyeball f i t .  
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rium process (given by log klko) between two compounds that differ only 
by a substituent is a linear function of some property of that substituent 
group. In Eq. 5,  u, the substituent constant, refers to the relative elec- 
tron-donating (negative) or electron-withdrawing (positive) power of the 
substituent and p, the reaction constant, is a measure of the sensitivity 
of the constants, k, to changes in u values of the substituents (18). The 
constant ko refers to the constant (rate or equilibrium constant) where 
the substituent is a hydrogen atom, e.g., 11. 


In the present case, any proton abstraction reaction leading to a 
buildup of negative charge on the 2-position of the phenylindandiones 
will be stabilized by electron-withdrawing groups in the 4’-position (R), 
while electron-donating groups in the 4’-position will destabilize the 
transition state by increasing electron density a t  the 2-position. For ex- 
ample, kl of Scheme I refers to the pseudo-first-order rate constant for 
proton abstraction by the base, water. A plot of log kl  uersus u was linear 
with a slope, p, equal to 1.22. The reverse reaction, proton donation to 
the 2-position by hydronium ion, HsOO+, represented by ka gave a p value 
of -0.88. This finding suggests that the R groups on the 4’-position of the 
phenylindandiones were having a greater effect on kl than on kp. 


The effects of the substituents on Ka,enol and K,,,dik& are also inter- 
esting. The K,,,dik&., term describes the equilibrium acidity constant 
associated with proton abstraction from the 2-position of the phenyl- 
indandiones. It would be expected to be more sensitive to substituent 
effects than Ko,enol, which represents proton abstraction from the enol 
form of the phenylindandiones, because the enol proton is further re- 
moved from the substituent. The measured p values of 2.08 for Ka,dik& 
uersus 1.77 for Ka,enol are consistent with this hypothesis. 


In an earlier paper (l), it was hypothesized from Brgnsted data that 
the deprotonation rate of phenindione (11) was determined largely by the 
free energy of the proton abstraction step when weak bases were the 
proton acceptors, while with the stronger bases the deprotonation was 
significantly affected by the work necessary to get the molecules into the 
correct configuration and solvation state for reaction. If this were the case, 
these effects should be seen in the p value of a Hammett plot. Table 111 
lists the p values for proton abstraction by various bases. The rate con- 
stant for proton abstraction by a weak base like water (pKa’ = -1.74), 
p = 1.22, was more sensitive to substituent effects than the rate constants 
for proton abstraction by various other stronger bases, pyridine through 
morpholine (pKa’ = 5.28-8.53), p = 0.39-0.74. The rather small p values 
for this latter group suggest that a smaller negative charge was formed 
on the 2-carbon of the phenylindandiones in the rate-determining proton 
abstraction transition state, which supports the hypothesis that the work 
required to desolvate and bring the two reacting species together probably 
contributes significantly to the free energy of reaction. 


Eigen (17) and others (19) have suggested that proton abstraction from 
strong carbon acids should be relatively insensitive to pKa differences 


between the carbon acids. The present study supports this hypothesis 
when the proton abstracting base is a relatively strong base, i.e., p is small. 
However, if the proton abstracting base is very weak, e.g., water, the 
proton abstraction step can he sensitive to the pKa differences between 
the carbon acids; i.e., substituent effects are significant, as measured 
by larger p values. 
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Abstract  A rapid quantitative procedure is presented for the sepa- 
ration of testosterone esters from their hydrolysis products through the 
use of the acetonitrile-infusorial earth column. The method was applied 
to testosterone cypionate, testosterone enanthate, and testosterone 
propionate. Recovery and replication of reference standard testosterone 
and its three esters through the proposed method ranged from 99.1 to 
100.3%. and the percent relative standard deviation ranged from 0.6 to 
1 .a. Two samples can be separated into testosterone and testosterone 
ester fractions in about 1.5 hr. The analyses of 20 injectable and one 
huccal tablet formulations made by 12 different manufacturers are re- 
ported. 


Keyphrases 0 Chromatography, column-analysis, testosterone and 
testosterone esters, various pharmaceuticals, acetonitrile-infusorial earth 
column Testosterone-analysis, acetonitrile-infusorial earth column 
chromatography, separation from testosterone esters, various pharma- 
ceuticals Testosterone esters-analysis, acetonitrile-infusorial earth 
column chromatography, separation from testosterone esters, various 
pharmaceuticals 


The “American Drug Index” (1) lists 57 different drug 
products that contain testosterone esters; they are mostly 
injectables and are made by 27 different manufacturers. 
The active ingredients are testosterone cypionate in 11 
formulations, testosterone enanthate in 34, testosterone 
ketolaurate in one, and testosterone propionate in 11. 


The official assay procedure in the USP (2) for testos- 
terone drug substance and injection requires GLC analysis. 
Cleanup of testosterone propionate oil injectables by re- 
versed-phase chromatography has been described (31, and 
this method is the basis for the modified cleanup procedure 
in USP XIX (4) for testosterone cypionate and testoster- 
one propionate injectables. These USP procedures mea- 
sure total testosterone plus esters. The final determinative 
step for these two compounds is spectrophotometric 
measurement of their isoniazid hydrazones, a procedure 
that is slightly altered from that originally described 
( 5 ) .  


The USP-NF (6) presents a high-pressure liquid chro- 
matographic (HPLC) method for testosterone propionate 
tablets. Other steroid separation methods include column 


adsorption chromatography (7), GLC (8, 9), TLC (lo), 
paper chromatography (l l) ,  HPLC (4), column partition 
chromatography (121, and use of an acetonitrile-infusorial 
earth column (13). 


This paper reports a relatively rapid quantitative ana- 
lytical procedure for the separation of testosterone from 
its cypionate, enanthate, and propionate esters using an 
acetonitrile-infusorial earth column. The final determi- 
native step compares the standard and sample isoniazid 
hydrazones. The proposed procedure was applied to the 
analysis of 21 pharmaceutical formulations made by 12 
different manufacturers. 


EXPERIMENTAL 


Apparatus-The following were used: UV-visible recording spec- 
trophotometers’ with 1-cm stoppered quartz cells, a high-pressure liquid 
chromatograph2 (sensitivity of 0.005 absorbance unit full scale with a 
2.54-nm UV detector:’ and a reversed phase column4), glass chromato- 
graphic columns for partition chromatography (2.2 X 25 cm, constricted 
a t  one end to 0.4 X 5 cm), an aluminum tamping rod, an electrobalance5, 
and 1’1,Ce equipment. Volumetric flasks and pipets were either NBS 
calihrated or Class A glassware. 


Materials-Alcohol USP, distilled-in-glass grade’ acetonitrile, 
chloroform, n -heptane, absolute methanol, and reagent grade acetic acid 
were used along with acid-washed infusorial earth8. Also used were USP 
reference standard testosterone cypionate, testosterone enanthate, and 
testosterone propionate and NF reference standard testosterone. 


Reagents-Mutually saturated acetonitrile-n -heptane was prepared 
as follows. Acetonitrile, 30 ml, was mixed with 500 ml of n-heptane 
(sufficient for two determinations) in a separator, agitated vigorously 
for 2 min, and allowed to stand until both layers were clear. These mu- 
tually saturated solutions were used whenever acetonitrile or n-heptane 
was called for in these directions. 


Sample Preparation-Tablets-Twenty tahlets were weighed, 


1 Cary mcidels 15 and 17. 
Waters model 6000 pump. 
Waters 440 detector. 
Separations Group, Vidar ‘I’P. 
Cahn models G-2 and 25. 
‘I’LC plates 6060, Eastman Organic Chemicals. 


Celite 545, Johns-Mansville Product Corp. 
‘ Rurdirk &.lackson. 


0022-35491 7910700-0871$0 1.0010 
@ 1979. American Pharmaceutical Association 
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Table I-Recovery Replication of Steroid Esters (Percent  Recovered) through the Proposed Procedure 


Run 


1 
2 
3 
4 
5 
6 
I 


h 
9 
Average 
RSDC 


Testosterone Cypionate 
Fraction 1" Fraction 2b  Total 


98.8 1.2 100.0 
98.0 1.1 99.1 
98.3 1.1 99.4 
99.5 1.1 100.6 
98.3 1.3 99.6 
98.7 
98.5 
97.5 
98.1 


1.5 100.2 
1.4 99.9 
1.5 99.0 
1.3 99.4 
1.3 99.7 


0.6 


Testosterone Enanthate 
Fraction 1" Fraction 2b  Total 


100.3 0.4 100.7 
99.3 0.3 99.6 
99.4 0.3 99.7 


101.2 0.5 101.7 
100.8 0.4 101.2 
101.2 0.4 101.6 
99.8 0.6 100.4 
97.9 0.8 98.7 
98.3 0.8 99.1 


0.5 100.3 
1 .o 


Testosterone Propionate Testosterone, 
Fraction 1" Fraction 2 b  Total Fraction 2b 


100.0 0.6 100.6 98.5 
97.9 0.6 98.5 99.3 
99.1 0.6 99.7 99.2 
98.7 0.9 99.6 99.4 
98.3 0.4 98.7 100.4 
97.8 1 .O 98.8 101.5 
98.1 0.7 98.8 99.3 
98.1 0.4 98.5 99.9 
98.5 0.4 98.9 100.2 


0.6 99.1 99.7 
0.7 1 .o 


* Elution fraction 1. * Elution fraction 2. Relative standard deviation calculated from the range by the method of Dean and Dixon (14) 


ground to pass through a 60-mesh sieve, and mixed thoroughly. Then a 
sample containing -12.5 mg of steroid was accurately weighed and 
transferred to a 50-ml volumetric flask, diluted to volume with methanol, 
and mixed. Two 5-ml aliquots, each containing -1.25 mg of steroid, were 
evaporated just to dryness. The sample residues were dissolved in 1.5 ml 
each of acetonitrile and n-heptane for cleanup as directed under Column 
Preparation. 


Injectables-The contents of several containers were well mixed, and 
duplicate 2.0-ml sample portions were diluted accurately with chloroform 
so that  aliquots of the final sample solution containing -1.25 mg of tes- 
tosterone ester could be evaporated just to dryness on the steam bath. 
The sample residues were dissolved in 1.5 ml each of acetonitrile and 
n -heptane for cleanup as directed under Culurnn Preparation. 


Column Preparation-A glass wool plug was inserted in the bottom 
of a chromatographic column. Then a 4-g portion of infusorial earth, 
thoroughly mixed with 4 ml of acetonitrile, was transferred to the column 
and packed firmly with a tamping rod. 


The sample solution, prepared as directed, was mixed thoroughly with 
3 g of infusorial earth to yield a light fluffy mixture. This mixture was 
transferred to the column above the acetonitrile layer and packed firmly. 
The sample beaker, tamping rod, spatula, and funnel were dry washed 
with about 1 g of infusorial earth, which was added to the column. The 
same equipment was dry washed with glass wool, which was placed on 
top of the sample layer plus washings and packed firmly. 


Column Elution of Steroids-The sample beaker was washed with 
250 ml of n-heptane in small portions, which were transferred to the 
column to maintain a liquid head approximately 12 cm above the column 
hed. About 60 ml of n-heptane eluate was collected in the first fraction, 
the heakers were changed, and about 190 ml was collected in the second 
fraction. The last wash was allowed to drain completely from the column, 
the tip was rinsed with alcohol, and both effluents were saved for further 
analysis. 


The first 60-ml n-heptane fraction was diluted accurately to volume 
with chloroform to give a final concentration of -0.012 mg of steroid 
ester/ml. This solution was allowed to come to room temperature and was 
readjusted to volume before further dilution or taking of aliquots. The 
second 190-ml n-heptane fraction was carefully evaporated just to dry- 
ness on the steam bath. The residues were dissolved and diluted accu- 
rately to a volume with ahsolute methanol to yield a concentration of 


-0.012 mg of steroid/ml. In every case, aliquots were taken carefully just 
to dryness for the isoniazid determination. 


Isoniazid Method-The procedure of Umberger (5) was used, except 
that  the hydrochloric acid concentration was doubled to increase the 
sensitivity. 
UV Method-Aliquots of testosterone fractions 1 and 2 were taken 


carefully to dryness on the steam bath. The residues were dissolved and 
diluted with methanol to -0.010 mg of testosterone/ml or 0.012 mg of 
testosterone esters/ml and scanned spectrophotometrically from 360 to 
220 nm uersus the same solvent. They were compared with a reference 
standard solution of steroid of about the same concentration. 


Completeness of Testosterone Elution-After column elution with 
250 ml of n-heptane in accordance with the proposed method, an addi- 
tional step was employed to check the completeness of testosterone 
elution in all method development studies. The sample beaker was 
washed with 125 ml of chloroform in several portions, which were added 
to the column to maintain the liquid level close to the column top. The 
last portion was allowed to drain completely, the tip was rinsed with al- 
cohol, and the eluate was taken carefully just to dryness. When dissolved 
and reacted with 4 ml of isoniazid, the residues gave no visible color. 


Elution Studies-Approximately 2 mg, accurately weighed, of ref- 
erence standard testosterone and each of the three testosterone esters 
were dissolved in 1.5 ml each of acetonitrile and n-heptane and placed 
on the column as described. These compounds were eluted a t  a rate of 
-7 ml/min with 300 ml of n-heptane and collected in 15-ml portions for 
analysis. A second determination was made of testosterone with the rate 
of elution set a t  about 1 ml/min. Each 15-ml portion of the eluate was 
taken carefully just to dryness. Each residue was dissolved in and diluted 
with methanol and spectrophotometrically scanned in the UV region. 
Elution curves were plotted for each experiment. 


Replication Studies of Recoveries of Testosterone and Its Es- 
ters-Reference standard testosterone and its esters, equivalent to -10 
mg (accurately weighed) of testosterone, were dissolved and diluted to 
50 ml with methanol. Nine 5-ml aliquots of each steroid were taken 
carefully just to dryness. The residues'were dissolved in 1.5 ml each of 
n-heptane and acetonitrile. placed on the column, and eluted according 
to the described procedure. 


For testosterone esters, the 60-ml fraction o f  n-heptane was diluted 
to 100 ml with chloroform, and 5-ml aliquots were evaporated carefully 


Table 11-Replication and Separation of Testosterone (Percent Recovered) from I t s  Esters by the  Proposed Procedure 


Testosterone Testosterone Testosterone 
Enanthate, Testosterone. C ypionate Testosterone Propionate Testosterone 


Run lsoniazid Isoniazid Isoniazid IJV lsoniazid UV lsoniazid UV Isoniazid IJV 


1 99.8 
2 99.0 
:1 101.1 
4 100.0 
5 100.6 
6 100.2 


100.5 


9 99.3 
10 97.9 
Average 99.7 
RSL)' 1.1 


- 
;1 98.8 


103.7 
102.3 
101.1 
103.5 
100.4. 
99.6" 
98.4" 
98.1" 


101.2" 
103.4O 
101.2 


1.8 


99.4 
99.6 
99.4 
99.2 
99.2 
98.3 
98.9 


100.8 
NDb 
NDb 
99.4 
0.9 


100.4 101.5 99.7 97.1 98.0 10:\.3 100.2 
100.6 99.1 96.8 98.6 99.2 99.8 96.8 
100.6 100.2 97.7 99.8 100.7 99.5 94.5 
100.4 100.1 100.9 97.9 98.5 99.4 99.7 
100.7 101.1 100.6 99.3 99.8 98.9 98.8 
99.8 100.3 100.6 98.9 99.5 99.7 101.1 
98.0 99.3 99.3 97.3 99.6 100.7 100.7 
98.3 99.8 100.2 100.2 98.8 97.4 102.0 


NDb ND N D b  98.2 99.0 loo.:\ 100.4 
ND NDb ND NI) NDb NDh ND 
99.8 100.2 99.5 98.6 99.2 99.9 99.4 
0.9 0.8 1.4 1 .o 0.9 1.9 2.5 


0 Testosterone eluted from column with 125 ml of chloroform following elution of the ester. * Not determined. Itclative standard deviation calculated from the range 
hy the method of Dean and 1)ixon (14). 
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Table 111-Recoveries of Testosterone Esters from the Acetonitrile Column 


Testosterone Cypionate Testosterone Enanthate Testosterone Propionate 


mg uv Isoniazida mg uv Isoniazida mg uv Isoniazida 
Amount, Percent Recovered Amount, Percent Recovered ' Amount, Percent Recovered 


2.757 99.6 97.1 (1.1) 2.769 102.0 98.9 (0.3) 2.585 100.1 100.1 (0.8) 
4.165b 98.8 97.9 (2.1) 4.216 102.8 100.7 (0.3) 3.634 100.5 99.7 (0.5) 
4.216 99.3 97.8 (1.4) 5.627 100.4 99.8 (0.4) 3.655 100.3 101.4 (0.2) 
5.541 100.6 98.0 (1.3) - - - 4.834, 100.1 99.3 (0.7) 


Average 99.4 97.5 (1.6) 101.7 99.8 (0.3) 100.5 100.3 (0.5) 
5.6036 98.5 96.8 (2.1) - - - 5.015 101.3 101.2 (0.2) 


The values in parentheses represent the percent of testosterone found in fraction 2. * Fraction 1 was evaporated to dryness and diluted with absolute methanol as 
required for determination by UV and isoniazid. 


Table IV-Volatility Study (Percent  Recovered by Isoniazid Method) 


Testosterone, Testosterone Cypionate Testosterone Enanthate Testosterone Propionate 


Minutes Steam Bath Steam Bath Steam Bath Steam 
Live Steam Live Steam Live Steam Live 


10 - 99.4 - 97.9 - 89.5 - 
20 - 98.9 - 96.2 - 87.6 - 
40 80.0 97.4 100.0 96.5 97.2 83.3 81.0 
60 78.2 99.8 98.0 96.5 98.8 63.5 80.1 


Table V-Base Degradation of Steroids (Percent Recovered by Isoniazid Method) 


Testosterone Cypionate 
Hoursa Fraction 1 Fraction 2 


Testosterone Enanthate 
Fraction 1 Fraction 2 


Testosterone Propionate 
Fraction 1 Fraction 2 


1 
2 
4 


94.5, 
ND 
92.4 


2.0 
ND 
6.1 


97.5 
96.8 
95.4 


0.7 
1.5 
3.9 


91.1 
93.8 
90.1 


2.9 
4.8 
8.6 


8 85.9 10.4 93.3 6.7 82.1 16.7 
24 72.2 25.6 80.9 15.3 ND N D  
48 52.7 43.5 ND N D  ND ND 
78 N D  ND N D  ND 18.6 76.9 


a Time of exposure of testosterone ester to base. Not determined. 


to dryness and used for the isoniazid determination. The 190-ml n- 
heptane fraction containing testosterone was evaporated to a small vol- 
ume, made up to 100 ml with chloroform, and mixed; then 5-ml aliquots 
were taken carefully just to dryness for the isoniazid reaction. Results 
of this study (Table I) ranged from 99.1 to 100.3% recovery, and the rel- 
ative standard deviations calculated from the range (14) were 0.6- 
1 .o%. 


Recovery and Replication Studies of Testosterone a n d  Testos- 
terone Ester Separation-About 10 mg of testosterone standard (ac- 
curately weighed) and the equivalent weight of its cypionate, enanthate, 
and propionate ester standards were dissolved and diluted to 50 ml with 
chloroform. Several 10-ml aliquots were taken carefully just to dryness 
on the steam bath. The residues were dissolved in 1.5 ml each of aceto- 
nitrile and n-heptane, placed on the column, and separated using the 
procedure described. 


The first and second n-heptane fractions were taken carefully just to 
dryness on the steam bath. In some cases, the column was eluted with 60 
ml of n-heptane and 125 ml of chloroform (instead of 190 ml of n-hep- 
tane), and the chloroform fraction was taken carefully just to,dryness. 
All residues were dissolved in absolute methanol and diluted to 100 ml. 
Selected samples were determined by UV spectrophotometry, and 5-ml 
aliquots of all samples were evaporated just to dryness for colorimetric 
determination by isoniazid. 


Results of this study (Table 11) showed that recoveries ranged from 
94.5 to 103.7% for testosterone and from 97.1 to 101.1% for its esters and 
that the values obtained by the UV and isoniazid methods compared 
favorably. Relative standard deviations of separated steroids calculated 
from the range were 0.8-2.5%. 


TLC and HPLC determinations of Samples 5-8 (Table 111) for the 
separation of testosterone and testosterone cypionate showed no cross- 
contamination. An 80:20 acetonitrile-water mixture was used to elute 
testosterone cypionate in 10.5 min, and a 4060 acetonitrile-water system 
was used to elute testosterone by HPLC. TLC of testosterone and its 
cypionate on silica gel G with chloroform gave Rf  values of 0.35 and 0.7, 
respectively. 


Recovery Study of Large Quantities of Testosterone Esters- 
Three accurately weighed portions of each testosterone ester standard, 


ranging from 2 to 6 mg, were dissolved in 1.5-1111 aliquots of acetonitrile 
and n-heptane and placed on columns using the procedure described. 
The first fractions from several columns were taken carefully to dryness 
on the steam bath. The residues were dissolved and diluted with absolute 
methanol to obtain a concentration of 4 .012  mg/ml for UV and isoniazid 
determinations. 


For other selected samples, the first fraction was diluted to 100 ml with 
chloroform, and appropriate aliquots were taken just to dryness by 
evaporation for UV and isoniazid determinations. Each residue was 
treated with 4 ml of isoniazid reagent to develop the color. The results 
(Table 111) showed that as much as 5.6 mg of testosterone esters could 
be recovered satisfactorily in fraction 1. 


Solvent Volatility Study-About 1.25 mg, accurately weighed, of each 
testosterone ester was dissolved and diluted to 100 mi with methanol. 
Five-milliliter aliquots were placed in 100-ml beakers and evaporated 
just to dryness on the steam bath. Replicate residues were left on the 
steam bath for selected periods after dryness. The residues were dissolved 
and diluted to volume, and aliquots were taken for the isoniazid reac- 
tion. 


The experiment was repeated with replicate aliquots of testosterone 
and its esters but with the beakers placed over the openings on the steam 
bath to allow heating by live steam for 40 and 60 min. The residues were 
dissolved and diluted to volume with methanol for  determination by 
isoniazid. Table IV shows that significant testosterone and testosterone 
propionate losses occurred when they were exposed to steam tempera- 
tures for extended periods after solvent volatilization. 


Base Degradation Study-About 12.5 mg, accurately weighed, of 
each testosterone ester was dissolved in -25 ml of methanol. Then 0.5 
ml of 10% aqueous tetramethylammonium hydroxide was added. The 
mixture was diluted to 50 ml with methanol and mixed. At selected times, 
5-ml aliquots were removed and 0.5 ml of acetic acid was added to each 
aliquot. The acidified methanol aliquots were evaporated carefully just 
to dryness on the steam bath. 


Each residue was dissolved in 1.5 ml each of acetonitrile and n-heptane, 
and the mixture was placed on the column and treated as already de- 
scribed. The results (Table V) showed that testosterone ester hydrolysis 
by tetramethylammonium hydroxide in methanol proceeded a t  a fairly 
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Table VI-Analysis of Typical Pharmaceutical  Formulations 


Active Other Amount Percent of Declared (by Isoniazid) 
Sampleo Ingredient Ingredients Declared, mg/ml Steroid Ester Testosterone 


1 Testosterone enanthate (2) (7) 
‘2 Testosterone enanthate (2) (7) 
3 Testosterone enanthate (2) (7) 
4 Testosterone enanthate (2) (7) 
5 Testosterone enanthate (2) (6) (7) 
6 Testosterone enanthate (2) (7) 
7 Testosterone enanthate (2) (6) (7) 
8 Testosterone enanthate (2) (7)  
9 Testosterone enanthate (2) (7) 


10 Testosterone enanthate (2) (3) (7) 
I1 Testosterone enanthate (2) (3) (7) 
I2 Testosterone enanthate (2) (7) 
13 Testosterone enanthate (2) (4) (7) 
14 Testosterone cypionate (2) (3) (5) 
15 Testosterone cypionate (2) (3) (5) 
16 Testosterone cypionate (2) (3) (5) 
17 Testosterone cypionate (2) (5) 
18 Testosterone cypionate (2) (5) (9) 
19 Testosterone propionate ( 8 )  (10) (11) 
20 Testosterone propionate (1) (2) (4) (11) 
? I  Testosterone propionate 
22 Testosterone 
2 3  Testosterone 


100 
200 
200 
100 
180 
100 
90 


100 
200 
200 
200 
100 
100 
200 


100.4, 100.4 
100.0. 100.5 


1.3, 1.3 
1.3. 1.1 


82.4; 81.3 13.5; 12.9 
103.2, 103.4 1.7, 1.8 
100.1, 100.4 1.9,1.9 
104.6, 105.3 0.3.0.2 
99.3.100.6 1.2. 1.4 
99.4; 100.0 


100.7. 100.9 
97.3; 98.0 
98.4.97.4 


101.0,100.6 
98.1,97.9 


100.3. 100.3 
200 98.7; 97.3 
200 97.2,97.5 
100 98.4,99.4 
100 103.0, 102.3 
50 100.6, 100.3 


100 87.3,86.3 
1 Od 97.6,96.7 


100 0.1,O.l 
25 0.2,0.2 


1.1; 0.9 
1.3,1.2 
1.6, 1.7 
1.6, 1.6 
1.0, 1.1 
1.5, 1.4 
0.3, 0.2 
0.4,0.5 
0.1,O.l 
0.5, 0.4 
0.4,0.4 
3.6, 3.9 
2.1,2.8 
0.1,O.l 


101.1, 101.6 
99.0,98.6 


Samples 1-20 were injectables, Sample 21 was a tablet, and Samples 22 and 23 were suspensions. * (1) = absolute alcohol, (2) = benzyl alcohol. (3) = benzyl benzoate. 
( 4 )  = chlorobutanol, (5) = cottonseed oil. (6) = estradiol valerate, (7) = ethyl oleate, (8)  = methylparaben, (9) = oxystearin, (10) = propylparaben, and (11) = sesame 
oil. Analysis of  duplicate samples hy IJV: 96.0 and 96.6% of declared. Amount is in milligrams per tablet. 


rapid rate a t  room temperature and that the undecomposed steroid ester 
and testosterone could be separated and recovered by the proposed 
method. 


RESULTS AND DISCUSSION 


The effects of’ various hydrocarbon solvents and flow rates on testos- 
terone elution from acetonitrile-infusorial earth columns have been 
studied (13). n-Heptane was selected as a solvent for use in the column 
chromatography because it gives optimum separation of testosterone 
from its esters. Symmetrical elution curves for testosterone and the three 
esters studied showed that testosterone enanthate required 20 ml, tes- 
tosterone cypionate required 23 ml, and testosterone propionate required 
45 ml of n-heptane for complete elution. 


A 7-mllmin normal flow rate of n-heptane eluted 2 mg of testosterone 
f‘rom the acetonitrile column in a band between 88 and 195 ml. A l-ml/ 
min flow rate of n-heptane eluted the same amount of testosterone in a 
band between 105 and 184 ml. While the faster elution rate resulted in 
hand broadening, adequate separations between testosterone and its 
esters were obtained. Testosterone propionate elution was completed 
at  45 rnl of n-heptane, and elution of testosterone from the column did 
not occur before 88 ml. The recommended cut-off volume at  60 ml of 
n-heptane provided an adequate safety factor and resulted in pure 
fractions. 


The values reported for all determinations represent an average of two 
isoniazid color developments. 


Table I shows 0.3-1.3% hydrolysis of the testosterone ester reference 
standards. TLC confirmed the presence of testosterone in the second 
n -heptane fraction of all three esters. Both HPLC and TLC of portions 
of the final diluted solutions after separation on the acetonitrile column 
showed no testosterone cross-contamination with its esters in either 
n -heptane fraction. The agreement between the results obtained by the 
UV and isoniazid methods (Table 11) was well within the expected range 
and recoveries obtained for testosterone by eluting the column with an 
additional 190 ml of’ n-heptane or with 125 ml of chloroform. Fewer 
manipulations were required if chloroform was used to elute testosterone 
from the acetonitrile column, but less sample interference resulted from 
cltition with 190 ml of n-heptane. 


Table 111 shows that up to 5.6 mg of the three testosterone esters could 
he eluted completely in the first 60 ml of n-heptane collected from the 
acetonitrile column. It also shows that the results of chloroform dilution 
o f  the first n-heptane fraction and evaporation of small aliquots to dry- 
ness were in agreement with the results obtained by evaporating the 
n -heptane (fraction 1) carefully just to dryness, dissolving the residue 
in ahsolute methanol for UV measurement, and carrying subsequent 
aliquots to dryness for isoniazid determination. 


The solvent volatility study (Table IV) showed that when the samples 
were evaporated carefully just to dryness under air on the steam bath, 


no steroid loss occurred. However, significant losses of 10-30% of tes- 
tosterone and testosterone propionate resulted when the sample residues 
were left on the steam bath for extended periods after the solvent had 
been volatilized. 


The rate of testosterone ester hydrolysis by tetramethylammonium 
hydroxide (Table V) was faster for testosterone cypionate than for tes- 
tosterone enanthate and fastest for testosterone propionate. At 8 hr, the 
hydrolysis rate for testosterone enanthate was --0.8%/hr; for testosterone 
cypionate, i t  was -1.3%/hr; and for testosterone propionate, it was 
-2.l%/hr. TLC and IR spectrophotometry confirmed the presence of 
enanthic acid in the chloroform fraction from the acetonitrile column. 


Analyses of typical pharmaceutical formulations, mostly injectables, 
by the proposed method are reported in Table VI. Good replication of 
sample analysis was obtained. The amount of testosterone found varied 
from 0.1 to 13.5% of the declared amount of testosterone ester, with only 
three of the 21 products analyzed showing more than 2.0%. Sample 14, 
analyzed in duplicate by direct dilution and the isoniazid method, gave 
123.8 and 125.1%, while Sample 15 gave 121.6 and 120.0%of the declared 
amount. These results, when compared with those shown in Table VI,  
showed that a 20-25% interference was removed by the proposed cleanup 
procedure. Apparently the cleanup procedure is applicable to injectables 
containing a wide variety of excipients (Table VI) including cottonseed 
and sesame oils. 


The samples that contained henzyl alcohol could not be cleaned up by 
the proposed procedure for determination by UV spectrophotometry 
since it eluted in the first n-heptane fraction along with the testosterone 
esters. While benzyl alcohol interfered with the UV spectrum of the 
testosterone esters, there was no interference when isoniazid was used 
as the final determinative step. 


Samples 22 and 23 (Table VI) for testosterone suspensions are included 
to show the versatility of the acetonitrile column. 


The proposed procedure is relatively rapid and is specific for testos- 
terone ester determination. Two samples can be prepared for analysis, 
placed on separate columns, and separated into two fractions containing 
testosterone ester and testosterone in 1.5 hr. The results of the duplicate 
analyses of 21 different pharmaceutical formulations showed that the 
proposed procedure provided adequate sample cleanup with satisfactory 
accuracy and replication of the analytical data. This method can be used 
to assess hydrolytic degradation of testosterone esters in pharmaceutical 
formulations by measuring intact testosterone ester and/or testosterone 
present in the sample. 
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Abstract A solvent extraction and spectrophotometric method for 
selective determination of berberine in pharmaceuticals is proposed. 
Berberine forms an ion associate with tetrabromophenolphthalein ethyl 
ester, which is extracted into ethylene dichloride. Secondary and tertiary 
amines and alkaloids are coextracted with the berberine and complicate 
the berberine determination. The absorbance of the secondary and ter- 
tiary amines and alkaloids into ethylene dichloride, however, decreases 
nearly to zero when the temperature is elevated from 25 t o  60’. Thus, 
berberine can be determined successfully in the presence of the secondary 
and tertiary amines and alkaloids by using thermochromism. 


Keyphrases 0 Berberine-analysis, solvent extraction, spectrophoto- 
metric method using thermochromism, various pharmaceuticals 
Thermochromism-analysis, berberine in various pharmaceuticals, 
solvent extraction, spectrophotometry Spectrophotometry, solvent 
extraction-analysis, berberine in various pharmaceuticals, using ther- 
mochromism 0 Antibacterial agents-berberine, analysis in various 
pharmaceuticals, solvent extraction, spectrometry, using thermo- 
chromism 


Bromthymol blue, bromcresol green, and bromphenol 
blue usually are used for the solvent extraction and spec- 
trophotometric determination of thiamine (l), quaternary 
ammonium compounds (2),  and quinine ethylcarbonate 
(3), respectively. These dyes are diprotic acids with a 
narrow optimum pH range and poor extractability of the 
ion associates into organic solvents. 


Tetrabromophenolphthalein ethyl ester anion (I) is a 
monoprotic acid and can form ion associates (11) with 
quaternary ammonium cations (111) and charge transfer 
complexes (IV) with amines (V), which are effectively 
extracted into organic solvents through a wide pH range 
(4). Tetrabromophenolphthalein ethyl ester shows a high 
sensitivity for quaternary ammonium cations and amines, 
but the absorption spectra overlap each other. Thus, it is 
difficult to determine spectrophotometrically the qua- 
ternary ammonium salts and amines separately when they 
coexist. An attempt was made to separate the amine pro- 
caine from the quaternary ammonium salt benzethonium 
by solvent extraction, but it was difficult to remove the 
amine completely (5). 


The author found, however, that the color of the charge 
transfer complex in ethylene dichloride reversibly disap- 


peared with the elevation of temperature. Even at 60°, the 
red complex was rarely found while the absorbance of the 
ion associate a t  610 nm was unchanged at 60’. Thus, a 
quaternary ammonium salt could be determined spec- 
trophotometrically a t  60’ without the disturbance of 
amines. 


This paper describes the extraction and spectrophoto- 
metric determination of berberine in pharmaceuticals after 
the temperature is increased to 60” to eliminate the effect 
of the coexisting amines. 


EXPERIMENTAL 


Apparatus-A double-beam spectrophotometerl attached to a tem- 
perature-controlled cell holder was used to measure absorbances at a 
constant temperature using quartz 1-cm cells with stoppers. An x-y re- 
corder2 was used for the spectra. Constant cell temperature was main- 
tained by circulating constant-temperature water through the temper- 
ature-controlled cell holder by means of a temperature-controlled cir- 
cuIato$. The solvent temperature in the cell was checked by dipping a 
thermoelement of a thermometer4 in the solvent. A pH meter, a shaker, 
and a centrifuge were also used. 


Reagents-Standard Berberine Solution-A stock solution of 1 X 
M berberine was prepared by dissolving 0.4075 g of berberine hy- 


drochloride5 (dried a t  1 0 5 O )  in distilled water and diluting to I liter with 
distilled water. The stock solution was standardized by the official 
method (6). The solution was used after accurate dilution. 


M 
solution of tetrabromophenolphthalein ethyl ester was prepared by 
dissolving 0.1400 g of tetrabromophenolphthalein ethyl ester potassium 
salt6 in ethanol to give a 100-ml solution. 


Buffer Solution ( p H  8.5)-The borate-phosphate buffer was prepared 
by adding 1 N H&04 or 1 N NaOH to the 0.3 M potassium dihydrogen 
phosphate containing 0.1 M sodium borate. 


Procaine7, ephedrines, quinineg, papaverineg, eserine’O, and emetine5 
were used as the hydrochloride and the sulfate. Ethylene dichloride was 
used as the extractant. All chemicals were reagent grade. 


7’elrabromophenolpht~a~ein Ethyl Ester Solution-A 2.0 X 
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servation, as stated by Gibaldi and McNamara (31, even 
though only a change in albumin binding may have oc- 
curred. When the apparent drug volume of distribution 
is large (>50-100 liters), the sum Vp(1 + R E / I )  + 
t ~ (  V p ) (  V E I V ~  - RE,,) in Eq. 17 can be neglected since its 
largest possible value is 15 liters. The apparent volume of 
distribution is then: 


(Eq. 21) 


which is also predicted by Eq. 2. 
The relationship presented in Eq. 17 should be helpful 


in analyzing and predicting alterations in the apparent 
volume of distribution of any drug when there is an alter- 
ation in the unbound fraction in plasma, in the unbound 
fraction outside the extracellular fluids, in ‘the volumes of 
the extracellular fluids, or in the extravascular to intra- 
vascular plasma protein ratio, as occurs, for example, in 
prolonged bed rest and in severe burns. It will also be useful 
to identify where the alteration occurs. 
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BOOKS 


REVIEWS 


Pharmazeutische Technologie. Edited by HEINZ SUCKER, PETER 
FUCHS, and PETER SPEISER. George Thieme Verlag, Herdweg 63, 
Postfach 732, D-7000 Stuttgart 1, West Germany. 1978.906 pp. 17 X 
24 cm. Price DM 235. 
Industrial pharmacy as a scientific and technological branch of the 


profession of pharmacy covers a wide spectrum of operations involving 
a multidisciplinary body of fundamental knowledge and a diversified 
technology constrained by a specific set of governmental regulations 
intended to serve as controls over the laboratory and manufacturing 
environment as well as the quality of the drug preparation itself. An area 
of such diversity and complexity remains dynamic, and advances in basic 
pharmaceutics and pharmaceutical technology have accelerated during 
the past three decades. These advances have come about as a consequence 
of the pharmaceutical industry’s expanding research and development 
investment and through the acquisition of scientific knowledge and 
technology from external sources such as universities and other indus- 
tries. 


An early effort by the Pharmaceutical Institute (ETH) in Zurich to 
reduce the high level of empiricism in the teaching of pharmacy students 
through the introduction of “physical pharmacy” principles resulted in 
the publication of a textbook, “Galenisches Praktikum”’, in which the 
authors attempted to relate theoretical concepts to practice by means 
of explanatory text, laboratory exercises, and pertinent literature refer- 
ences. A decade later, the publication of “The Theory and Practice of 
Industrial Pharmacy”2 provided a text much closer to the reality of in- 
dustrial operations and constraints in the development and production 
of drug preparations. 


The latest textbook that endeavors to portray accurately industrial 
pharmacy is “Pharmazeutische Technologie,” a collaborative effort in- 
volving 25 authors, most of whom are associated with Swiss or German 
pharmaceutical companies and each of whom has been selected as a 
working specialist in his field. By the judicious decision to organize the 
material as an applied science based on current theoretical concepts of 
unit operations, only seven chapters were needed. The book begins with 
a thorough and excellently organized chapter, which develops the 
mathematical concepts of practical importance to research and devel- 


opment pharmacists engaged in dosage form design. The statistical 
section is particularly noteworthy for the manner in which research design 
and optimization techniques and scale-up theory are presented. Along 
similar lines, the second chapter reviews the theoretical basis for most 
of the unit operations involved in pharmaceutical dosage form develop- 
ment and production. Among these are the flow properties of gases and 
liquids, heat transfer, dissolution, comminution, dispersion, mixing, 
granulating, compressing, and antimicrobial treatment. 


In this period of high interest in biopharmaceutics, since a textbook 
on technology cannot overlook the biological aspects of pharmaceutical 
product development, a short third chapter covers pharmacokinetic 
modeling, methodology, and specific applications to bioavailability, 
sustained-release formulations, and new delivery systems. The fourth 
chapter treats the important and often neglected subject of pharma- 
ceutical excipients in accordance with the functional role of the excipient 
in a dosage form. A series of tables listing most of the commonly used 
excipients conveniently provides incomplete but useful technical infor- 
mation, including average concentration range. Standards for excipients 
and other forms of regulatory control are described, but deficiencies in 
existing standards and variability in controls receive minimal atten- 
tion. 


In covering the key subject of dosage forms, the fifth chapter requires 
over 40% of the total number of pages in the book. The subdivision of 
topics is based on physical form, route of administration, and sequence 
of unit operations. This approach proves to be an effective means of or- 
ganizing a large mass of technical material which, in general, is repre- 
sentative of the current state of pharmaceutics and process technology. 
The section on parenteral dosage forms and especially the discussions 
of production control methods and the organization and technological 
aspects of parenteral production operations are outstanding. 


In the sixth chapter, attention is directed to the protective role of 
packaging, the types of packaging materials used in pharmaceutical 
containers, and the various chemical, physical, and microbiological testa 
used to control their quality. A second section includes a brief review of 
packaging line operations. The last chapter deals with quality control 
assurance and begins with a rarely seen section on quality of design as 
studied during preformulation. This discussion is followed by material 
covering the suhsequent formulation studies, which involve drug release 
characteristics, bioavailability and tissue tolerance of various dosage 
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t
guidelines for good manufacturing practices as elaborated by the World 
Health Organization is reviewed in sections dealing with documentation, 
hygienic requirements, and clean room technology. 


The subject matter covered by the text is of such great international 
interest to pharmaceutical scientists that  a t  least a thousand articles or 
chapters in books appear annually. Therefore, it is of interest to check 
the bibliography of over 700 references used by the authors in the prep- 
aration of the text. Although the proportion does vary somewhat from 
chapter to chapter, the overall percentage cited from Swiss or German 
publications is about 60% of the total. This exceedingly high level may 
reflect the reading habits of the authors or their language preferences or 
limitations rather than the true proportion of scientific and technological 
activity taking place throughout the world. 


The emphasis in this German-language book lies squarely in the do- 
main of industrial pharmacy, and it can he highly recommended to 
pharmaceutical scientists active in the research, development, produc- 
tion, and control departments of the pharmaceutical industry; to teachers 
of pharmaceutics and pharmaceutical process technology and their 
gradl;ate students in the universities; and to scientific members of reg- 
ulatory agencies who wish to gain a valuable perspective of the complex 
nature of modern drug development and production. 


The publisher deserves commendation for the high technical quality 
of the hook itself. Format, typography, figures, and tables are numerous, 
clear, well-placed, and pertinent to the text. Perhaps that plus inflation 
explains the price of the hook. 


I "Galenisches Praktikum," K.  Munzel, J. Riichi, and 0 . - E .  Schultz, Eds., 
Wjssenschaftliche Verlagsgesellschaft MRH, Stuttgart, West Germany, 1959. 


"The Theory and Practice of Industrial Pharmacy", L. Lachman, H. A. Lie- 
herman, and J.  L. Kanig, Eds., Lea & Febiger, Philadelphia, Pa., 1970. 


Rcuiewed by .Jack Cooper 
School of Pharmacy 
l!niver.sity of California 
San Francisco. CA 94143 


Diuretic Agents (ACS Symposium Series 83). Edited by EDWARD 
J .  CRAGOE, Jr. American Chemical Society, Washington, D.C. 1978. 
IX + 238 pages. 15 X 23 cm. Price $21.50. 
This book evolved primarily from an American Chemical Society 


Symposium on Diuretic Agents in 1977. However, as stated in the preface, 
since the symposium was hrief and a more complete picture of research 
in this field was desired, four papers were added to the original seven. 


The opening chapter (McGigg and Wong) contains an up-to-date re- 
view of the role of prostaglandins in renal function. It is followed by a 
chapter on the structure--activity relationships OF the highly potent, 
high-ceiling aminohenzoic acid diuretics ('l'vaermose, Nielsen, and Feit). 
The third chapter (Lang et al.) is on pharmacological effects of tizolemide 
(HOE 740) as an example of a novel class of sulfonamide compounds. 


The fourth chapter (Werner et a l . )  reviews the structure-activity re- 
lationships of sulfonamide diuretics. The next two chapters (Hessin et 
al. and Maass et a l . )  are on pharmacology and structure-activity rela- 
tionships of the newer diuretic uricosuric agent, tienilic acid (Ticrynafen). 
The seventh chapter (Smith et a l . )  is on 2-aminomethylphenols, a new 
class of saluretic agent characterized by the experimental compound 
MK-447. The following chapter (Horstmann et a l . )  reviews a new class 
of longer acting high-ceiling diuretics (l-aralkyl-'.'-pyrazolin-S-ones) 
characterized by muzolimine. 


The ninth chapter (Boschman ct a l . )  is a discussion of pharmacology 
and structural requirements of the quincarhates, a unique class of tricyclic 


diuretics. The following chapter (Saltzinger et 0 1 . )  discusses the novel 
diuretic etozolin, which has mild choleretic properties. The last chapter 
(Woltersdorf et al .)  discusses evolution of' some (aryloxyf-acetic acid 
diuretics after more than a decade o f  research. 


While this book is the result of the 1977 symposium, all chapters are 
dated as being received in August 1978 and many contain 1977 and a few 
1978 references. Therefore, this hook is a complete and current review 
of  structure-activity relationships and pharmacology of various classes 
of diuretic agents. This hook includes discussions on experimental agents 
undergoing testing for possible therapeutic use and would he useful for 
anyone seeking current information about the newer diuretic agents. 


Reuiewed by Gary L. Lage 
Philadelphia College of 


Pharmacy and Science 
Philadelphia, PA 19104 
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Abstract The oral bioavailability of liquid-filled theophylline capsules 
relative to a nonalcoholic aminophylline solution was determined in 
normal volunteers. In addition, theophylline absorption and elimination 
kinetics were reexamined. There were no statistically significant differ- 
ences between the bioavailability of capsules and liquid as measured by 
the area under the curve (AUC) from time 0 - m ( p  > 0.05). The bio- 
availability parameters of C&,, t,,,, and AUC were determined from 
actual serum theophylline concentration-time data and from a nonlinear 
least-squares fit of the serum concentration-time data. Theophylline 
absorption from the capsules was noticeably faster than from the liquid 
in most subjects, although the differences in absorption rates were not 
significantly different ( p  > 0.05). The determined apparent volume of 
distribution, elimination half-life, and plasma clearance of theophylline 
were similar to values reported by other investigators. Marked inter- and 
intraindividual variations in the elimination half-life were noted. 
Keyphrases Theophylline-oral dosage forms, pharmacokinetics, 
bioavailability, capsule compared to liquid Muscle relaxants (smooth 
muscle)-theophylline, oral dosage forms, pharmacokinetics, bioavail- 
ability, capsule compared to liquid Bioavailability-theophylline, 
various oral dosage forms 


~~~~~ 


The clinical importance of satisfactory oral theophylline 
bioavailability is well recognized in the scientific and 
medical communities. Bioavailability problems, particu- 
larly with tablets and capsules, are thought to  be related 
primarily to the dosage form formulation and not to 
physiological factors that influence absorption (1). 


Although reported bioavailability studies of various 
theophylline oral dosage forms have demonstrated satis- 
factory bioavailability, all commercial oral theophylline 
dosage forms may not have equally satisfactory bioavail- 
ability (2,3). It is important to evaluate the bioavailability 
of each theophylline formulation to confirm that formu- 
lation factors do not affect in uiuo absorption. 


One major goal of this investigation was to evaluate the 
relative bioavailability of liquid-filled oral theophylline 
capsules' in a random, crossover study. The rationale was 


* Somophyllin capsules, lots 02977 and 07677, Fisons Corp., Bedford, Mass. 


to determine if any formulation factors associated with 
liquid-filled capsules might affect theophylline bioavail- 
ability when compared to the bioavailability from a 
nonalcoholic, rapidly absorbed aminophylline oral liquid2. 
Another major goal was to examine the absorption and 
elimination kinetics of theophylline when administered 
as a liquid-filled capsule or as a liquid. 


EXPERIMENTAL 


Subjects-Seven male and seven female subjects, 21-40 years old, were 
selected with the approval of the Institutional Human Subjects Review 
Committee. Valid written informed consent was obtained from each 
subject prior to entrance into the study. The body weight (mean f SD, 
67 & 12 kg) of the volunteers was within 10% of normal limits for their 
height and build (4). 


All subjects were determined to be in good physical health, with no 
history of alcoholism or cardiovascular disease. They were judged to be 
medically sound based on a medical history, physical examination, vital 
signs, ECG, and the usual battery of blood and urine clinical chemistry 
tests. All subjects were nonsmokers and, had not smoked regularly a t  any 
time within the last 3 years. 


All subjects were instructed to refrain from any medication for a t  least 
7 days prior to the study and to abstain from alcohol and xanthine-con- 
taining foods or beverages for 24 hr prior to dosing. All volunteers were 
fasted, with the exception of water, for 12 hr prior to dosing, and the 
fasting was continued for 4 hr after dosing. A modest meal, low in car- 
bohydrates and fat, was served at  4 hr, and a light dinner, likewise low 
in fat and carbohydrates, was served at  8 hr after dosing. 


Drug Administration and Blood Sampling-On each study day, 
an oral dose equivalent to 300 mg of anhydrous theophylline was ran- 
domly administered either as liquid-filled capsules or as a nonalcoholic 
aminophylline solution. Previous analysis for potency showed the cap- 
sules to contain 98% of the label claim. The study days were separated 
by a washout period of 7 days, after which the subjects took the alternate 
formulation. On each study day, the subjects were administered the 
medication with 240 ml of water a t  approximately 800 am. 


Predose blood samples (1 ml) were obtained immediately before dosing 
via an indwelling catheter in the forearm vein. After dosing with the 
capsules, blood samples were collected at  0.25,0.5,0.75, 1,1.5,2,3,4,5,  
6,7,8,10,12,16, and 24 hr. After dosing with the liquid, blood samples 


* Somophyllin oral liquid, lot 02287, Fisons Corp., Bedford, Mass. 
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were collected at  5,10,15,20,25,30,40, and 50 min and at 1,1.6,2,3,4, 
5,6,7,8,10,12,16, and 24 hr. Some of the later blood samples were drawn 
by venipuncture after removal of the indwelling catheter. Serums were 
separated from coagulated blood samples and frozen at  -2OO until as- 
sayed for theophylline. During each study period, blood pressure and 
pulse and respiratory rates were recorded at regular intervals. Any side 
effects were noted. 


Theophylline Assay-Serum theophylline determinations were made 
by high-pressure liquid chromatography (HPLC) as follows. Serum, 200 
pl, was treated with an equal volume of acetonitrile containing the in- 
ternal standard, b-hydroxyethyltheophylline, to precipitate serum 
proteins. After centrifugation, a 20-pl sample of the supernate was in- 
jected immediately on a microparticulate reversed-phase column3. The 
column was used with a septumless injectorq, a solvent delivery system 
consisting of a dual-piston pump6, and a fixed-wavelength UV absorbance 
detector6 equipped with a 280-nm filter. The eluting solvent was 7% ac- 
etonitrile in a 0.01 M acetate buffer adjusted to pH 4. The flow rate 
through the column was 2 ml/min. The sensitivity for 0.005 aufs was 0.5 
pg/ml of serum. 


The coefficient of variation for intra- and interday analyses of duplicate 
serum theophylline controls was negligible (<%). This method is specific 
for theophylline. Theophylline recovery was virtually 100% from spiked 
serum samples, and a plot of peak height ratio (theophylline/internal 
standard) as a function of theophylline concentration was linear up to 
40 pg/ml. During the study, the analyst was unaware of the treatment 
regimen. 


Pharmacokinetic AnalysigSerum theophylline concentrations 
(mean f SE)  were tabulated at  each sampling time and plotted as a 
function of time on Cartesian coordinates. Individual serum data for each 
subject after each dose were fitted graphically to obtain initial estimates 
and by nonlinear least-squares regression analysis to a one-compartment 
pharmacokinetic model defined by: 


(Eq. 1) 


where C is the theophylline concentration at any time, t ,  after dosing; 
F is the fraction of dose, D, absorbed; vd is the apparent volume of dis: 
tribution; and K,, an4 KE are the apparent first-order rate constants of 
absorption and elimination, respectively. In some cases, a lag time, to,  
had to be introduced into Eq. 1 to obtain an optimal fit. 


Nonlinear regression analysis was performed on a digital computer7 
using the NONLIN program (5). From computer analysis, values for K,,, 
absorption half-life ( t  I/~+,IJ, KE. and elimination half-life ( t  1/2.ciim) were 
obtained. Additional pharmacokinetic parameters were calculated as: 


where Cl is plasma clearance, A U C h ,  is the area under the actual serum 
theophylline concentration-time curve from zero to infinity, B W is the 
individual body weight in kilograms, and F is assumed to be 1, a n d  


where vd and K E  are as defined for Eq. 1. 
The area under the individual serum concentration-time curve from 


zero to infinity was determined by the trapezoidal rule. When the last 
data point was >0.5 pg/ml, the area from the last data point to infinity 
was calculated as the quotient of the last data point and the overall 
elimination rate constant, KE. The AUCo-.. also was calculated from 
computer-fit parameters as described in: 


where (FD/Vd)[K,,/(K, - KE)] was the intercept of the best computer 
fit of the individual data. 


The other bioavailability parameters, time of maximum serum theo- 
phylline concentration (tmJ and maximum serum theophylline con- 
centration (Cmm), were obtained directly from the actual serum assay 
values and from the nonlinear least-squares fit. 


The relative bioavailability, Frel, of the liquid-filled theophylline 
capsules was calculated using the AUCo-., values corrected for intrain- 


9 Bonda ak CIS, Waters AFociates, Milford, Mass. 
4 hodel &K, Waters Associa.tes, Milford, Mass. 
5 Model 6000A, Waters Associates, Milford, Mass. 
6 Model 440, Waters Associates, Milford, Mass. 
7 Prime Computer Co., Framiegham, Mass. 
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Figure 1-Mean serum theophylline levels in 14 subjects after a W - m g  
oral theophylline dose. Key: 0, capsules; and 0, liquid. 


dividual variation in the elimination rate: 


(Eq. 5) 
( A U C h . . ,  capsule)(Ks, capsule) 


( A U C e - ,  liquid)(KE, liquid) FreI = 


Statistical A n a l y s i g A  two-way analysis of variance for a randomized 
complete block experimental design was performed on the bioavailability 
parameters calculated from the actual assay values ( A U C e - ,  t,,, and 
Cma) obtained for each dosage form to determine the significance of 
differences between the capsules and liquid. A paired t -test of the other 
pharmacokinetic parameters determined if there were any significant 
differences in the mean values after administration of a capsule or 
liquid. 


RESULTS AND DISCUSSION 


The mean &SE) serum theophylline levels in 14 subjects as a function 
of time after administration of 300 mg of theophylline either as a liq- 
uid-filled oral capsule or as an oral liquid are illustrated in Fig. 1. As ex- 
pected, individual serum theophylline concentrations at each sampling 
time varied, but the curves of mean serum theophylline levels in Fig. 1 
show that the two dosage forms produced serum levels over time that were 
essentially the same. Semilogarithmic plots of mean serum theophylline 
concentrations versus time revealed a monoexponential decrease in ob- 
served serum levels after the peak with no significant distribution phase, 
indicating that a one-compartment open model is appropriate for eval- 
uating the pharmacokinetics of these data. The correlation coefficients 
observed for individual serum level data fitted to the one-compartment 
open model were 20.95 in all cases. 


The bioavailability parameters, i.e., the area under the serum level- 
time curve (AUCo-...), the maximum serum level (Cmax), and the time 
to maximum serum level (tma), are listed in Table I. The parameters were 
obtained from both the experimentally observed serum theophylline 
levels and the computer-generated, one-compartment fits of the indi- 
vidual data. The AUC values for both the capsules and the liquid, when 
corrected for intraindividual variation in elimination, were not signifi- 
cantly different 0, > 0.05). The mean (fSE) relative bioavailability (F,I) 
of the oral theophylline capsules was 1.01 f 0.06 (Table I) with a range 
of 0.70-1.56. With paired individual data, the F,,I was larger for the 
capsules in six of the 14 subjects. The difference in bioavailability between 
the formulations was not significant (p > 0.05). A previous study showed 
that the absolute bioavailability of the oral aminophylline liquid used 
as a reference dosage form in this study was Thus, the absolute 
bioavailability of the oral theophylline capsules probably approximates 
100%. 


The oral liquid was absorbed rapidly, as noted from the mean (fSE) 
t- value of 1.24 * 0.3 hr (range of 0.25-4.0 hr). The oral capsules ap- 
peared to have rapid and complete dissolution in uiuo, as indicated from 
the mean (AS%) tmm value of 0.98 f 0.3 hr (range of 0.25-5.0 hr). Al- 


8 Data on file, Fisons Corp., Bedford, Mass. 
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Table I-Bioavailability Parameter Values (Mean f SE) for 
Theophylline after Oral Administration of a 300-mg Dose to 14 
Subjects 


Formulation Statistical 
Parameter Liquid Capsule Significance 


AUCa, pg hr/ml 
Observedb 98.0 f 6.4 104 f 8.3 NS ( p  > 0.05) 
Calculatedc 95.0 f 6.4 118 f 11.0 


Cm,, pdml 
Observed 11.5 f 0.7 15.1 f 1.2 Significant 
Calculated 10.3 f 0.6 11.5 f 0.7 (I) < 0.05) 


tmam hr 
Observed 1.24 f 0.3 0.98 f 0.30 NS ( p  > 0.05) 
Calculated 1.20 f 0.2 0.92 f 0.20 


- 1.01 f 0.06 NS ( p  > 0.05) 
Frd 


Observed 
Calculated - 1.09 f 0.04 


0 From zero to infinity. * Based on actual aasa values in sefum. c Based on 
computer fit of data to one-compartment model. JCorrected for intraindividual 
variation in elimination. 


though the tmaX observed after capsule administration occurred earlier 
in time, the differences were not significant ( p  > 0.05). Intersubject 
variability in theophylline absorption was estimated using the coefficients 
of variation (standard deviation X 100/mean) of the bioavailability pa- 
rameters of both dosage forms, and the tmax values showed the greatest 
variation. 


The mean tmax observed iq this study for the oral liquid was similar 
to the mean t,, reported (1) for a hydroalcoholic theophylline solution 
(1.4 hr, SE = 0.03) administered to 10 patients and similar to the mean 
t ,  reported (3) for a similar solution administered to 12 subjects (1.208, 
SD = 0.620). The ranges and variability oft,, in the earlier studies were 
essentially the same as those observed in the present investigation. By 
contrast, the mean t,, observed in the oral capsule study (0.98 f 0.3 hr) 
was earlier than the mean tmru reported (1,3) for oral, compressed tablets 
(2.0 f 0.9 and 1.458 f 0.542, respectively), although greater intrapatient 
variability was observed in this study. The rapid absorption from the oral 
capsules may be related to the absence of the disintegration step char- 
acteristic of oral tablets or to the suspending medium within the oral 
capsule. Indeed, Lindenbaum (6) reported that digoxin bioavailability 
from a liquid concentrate contained in a soft gelatin capsule was better 
than the bioavailability of a nonalcoholic digoxin solution or tablet, al- 
though this result has not been found consistently (7). 


The measured mean C,, after capsule administration was 15.1 f 1.2 
pg/ml. This Cm, was significantly different (p < 0.05) from the measured 
mean C,, of 11.5 f 0.7 pg/ml for the oral liquid. The higher C,, of the 
capsules is consistent with the shorter tmax and faster K ,  (Table 11) ob- 
served for this formulation. 


The values for theophylline absorption, distribution, and elimination 
calculated for the capsules and liquid are listed in Table 11. The mean 
(fSE) K,  for the capsule (13.98 f 3.1) was significantly different ( p  
< 0.05) from the mean (fSE) K, (5.22 f 1.18) for the liquid, although 
the corresponding mean tabs-l/2 (fSE) values for the capsules (0.18 f 
0.06) and liquid (0.27 f 0.07) were not significantly different (p > 0.05). 
The absorption lag times ( to) were averaged for the capsule and liquid 
formulations. The difference between the mean lag times was significant 
(p < 0.05), with the capsule to equal to 0.143 f 0.038 (fSE) and the liquid 
equal to 0.047 f 0.017. The faster K, after the capsule accounted for the 
higher Cmax and shorter tmax observed for the formulation. 


Theophylline elimination kinetics after capsule and liquid adminis- 
tration were essentially the same. The K E  for the capsule was 0.11 f 0.01 
W E ) ,  and the corresponding t l / z  was 6.98 f 0.61 (*SIC). The K E  and 
the t1/2 for the liquid were 0.12 f 0.01 (fSE) and6.19 f 0.31,respectivety, 
and there were no significant differences ( p  > 0.05) between the formu- 
lations in either K E  or t1 /2.  These elimination parameters are in agree- 
ment with those reported for theophylline by other investigators (8). 
Some researchers have reported significant intrapatient variability in 
K E  and t 1 / 2  after single doses, with both short and long time intervals 
separating the individual doses. In this study, intrapatient variability 
in K E  and t l l z  also was noted. For example, nine subjects exhibited an 
increase in tl /z and five subjects had a decrease in t1/2 from one study 
period to the next. The mean percentage difference in t l i z  was 26% (range 


By contrast, there was very little intrapatient variability in Vd. After 
the capsule, the mean v d  was 0.38 f 0.01 (ISE); after the liquid, the 
mean v d  was 0.42 f 0.02 (ASE).  These values are within the range of 


of -30-+54%). 


Table 11-Pharmacokinetic Parameters (Mean f SE) for 
Theophylline after Oral Administration of a 300-mg Dose to 14 
Subjects 


Formulation Statistical 
Parameter Liquid Capsule Significance 


K,, hr-l 5.22 f 1.18 13.98 f 3.10 Significant 
(LI < 0.05) 


t 1/2-atm hr 0.27 f 0.07 0.18 f 0.1.6 NS (p > 0.05) 
to, hra 0.047 f 0.017 0.143 f 0.038 Significant 


(p < 0.05) 
KE,  hr-l 0.12 f 0.01 0.11 f 0.01 NS ( p  > 0.05) 


6.19 f 0.31 6.98 f 0.61 NS ( p  > 0.05) 
0.38 f 0.01 NS (p > 0.05) v d ,  literskg 0.42 f 0.02 


ClB, ml/min/kg 0.84 f 0.06 0.70 f 0.07 NS ( p  > 0.05) 


t 1/2-elim, hr 


~ 


4 Where t o  is equal to absorption lag time. 


mean values expected for the subject population in this study (9). The 
difference in v d  between formulations was not significant ( p  > 0.05). 


Theophylline clearance was not significantly different after the capsule 
or liquid (p > 0.05). However, the mean clearance after the liquid was 
0.84 f 0.06 ml/min/kg ( I S E ) ,  slightly faster than, but not significantly 
different from, the mean clearance of 0.70 f 0.07 ml/min/kg (fSE) found 
for the capsule. The difference between the mean clearance values was 
not unexpected and was primarily related to the intrapatient variability 
in K E  and/or t 1 / 2  and not in vd. The mean clearance values were similar 
to and within the range of values reported elsewhere (10,ll). 


No significant side effects were reported during the study. Palpitations 
and mild headaches occurred in two subjects and coincided with peak 
serum theophylline concentrations. Vital signs were not altered during 
the study. 


SUMMARY 


Liquid-filled, soft gelatin theophylline capsules are unique among the 
large number of theophylline dosage forms. Solid oral theophylliie dosage 
forms are thought to have many practical advantages over theophylline 
solutions. For example, the capsules evaluated in this study effectively 
masked the bitter theophylline taste. In addition, liquid-filled capsules 
may improve GI tract tolerance of the sometimes irritating theophyl- 
line. 


The capsules evaluated appear to be a solid dosage form with rapid 
dissolution in oiuo. They produce serum theophylline concentrations 
comparable to an oral theophyuine liquid, and the relative bioavailability 
is the same as the oral liquid. Thus, in practice, these capsules would act 
as a reliable dosage form for oral theophylline administration. 
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to prepare radiolabeled I using a modified literature 
method (12). Each rat received 1.1 mg of I/kg iv, corre- 
sponding to N 100 pCi. Data were collected every 2 sec for 
the first 300 sec, every 20 sec for the next 3000 sec, and 
every 200 sec until the end of the study. Radioactivity 
measured in the loop was corrected for decay and back- 
ground. 


A typical plot showing the results obtained is shown in 
Fig. 1. The data were weighted inversely to the time in- 
terval of collection and analyzed by the program of Pro- 
vencherl. The computer program automatically selected 
the best number of exponential terms required by the data 
according to an F test with a nonlinearity correction. The 
best-fit values for the rate constants were 7.90,1.45,2.96 
X l O - l ,  3.50 X min-l for Rat 1 and 
4.18,1.10,2.69 X 3.33 X and 1.60 X min-’ 
for Rat 2. The five-exponential equation that gave the best 
fit to the data for Rat 1 was used to calculate the solid line 
in Fig. 1. The fastest observed rate constant may be due 
to a mixing or rapid distribution within the animal; how- 
ever, the remaining four exponentials are similar to the 
values obtained previously (2,4). 
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Terpenoids and Steroids, Vol. 8. Senior Reporter, J. R. HANSON. The 
Chemical Society, Burlington House, London WlV OBN, England. 
1978.301 pp. 15 X 22 cm. Price $50.00. (Available from Special Issues 
Sales, AmericanChemical Society, 1155 16th St., N.W., Washington, 
DC 20036.) 
This book is the eighth volume on terpenoids and steroids in a valuable 


series initiated 8 years ago. The aim of each series of Specialist Periodical 
Reports is to provide a systematic, comprehensive, and critical review 
of progress in the major areas of chemical research. The various series, 
which now total 36, are published annually or biennially on such topics 
as Environmental Chemistry; Biosynthesis; Foreign Compound Me- 
tabolism in Mammals; The Alkaloids; Carbohydrate Chemistry; 
Amino-acids, Peptides, and Proteins; and Photochemistry. 


This volume does not contain a subject index, but it is organized in a 
systematic manner which facilitates finding any desired information. The 
five pages in the Table of Contents outline this volume in detail. The 
chapters are divided into many sections, which are identified in bold type 
in the text as well as in the Table of Contents. These sections are divided 
into subsections. Chapter titles are found at the top of every other page 
of the text. The author index includes 3300 names and is helpful to any- 
one following the research of a given individual. 


This review is illustrated with drawings of 1700 chemical structures. 
I t  is documented with 1650 references, most of which are listed a t  the 
bottom of the page where first used in a given chapter. 


Part  I covers the terpenoids and is divided into chapters that  include 
Monoterpenoids, Sesquiterpenoids, Diterpenoids, Triterpenoids, and 
Carotenoids and Polyterpenoids. Part 11, which covers steroids, is divided 


into two chapters entitled Physical Properties, and Steroid Reactions 
and Partial Syntheses. No compilation of references to review articles 
on subjects related to  terpenoids or steroids is included in this volume 
as in many of the previous volumes. 


The chapter on Steroid Reactions and Partial Syntheses is long and 
is divided into two sections. The first section is divided into subsections 
based on more common functional groups, a subsection on compounds 
of nitrogen, sulfur, and selenium, and subsections on such important 
topics as molecular rearrangements, functionalization of nonactivated 
positions, and photochemical reactions. The section on partial syntheses 
is divided into the following subsections: cholestane derivatives and 
analogs, vitamin D and its metabolites, pregnanes, androstones, car- 
denolides, secosteroids and cydosteroids, heterocyclic steroids, micro- 
biological oxidations and reductions, and miscellaneous syntheses. 


The editor and six reporters who prepared this volume are to be com- 
mended for maintaining the high standards set by the previous volumes 
in this series. Everyone interested in the chemistry of terpenoids and/or 
steroids should have access to this volume and others in the series. Many 
terpene and steroid chemists will want copies on their desk. This series 
is a great timesaver and a source of many ideas. I highly recommend 
it. 


Reviewed by Norman J. Doorenbos 
College of Science 
Southern Illinois University at 


Carbondale, I L  62901 
Carbondale 
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TLC Differentiation of Butyrophenone and 
Diphenylbutylpiperidine Compounds from 
Phenothiazine Derivatives 
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Abstract  0 A procedure is described for TLC detection and differen- 
tiation of the butyrophenone-diphenyl butylpiperidine group and phe- 
nothiazine derivatives a t  the microgram level. A two-dimensional TLC 
method to separate butyrophenone and diphenylbutylpiperidine com- 
pounds is reported. A variety of possible detection reagents were exam- 
ined. The solvent systems and spray reagents descrihed should he useful 
for the identification of these drugs in various dosage forms. 


Keyphrases Butyrophenones-analysis, TLC, differentiation from 
phenothiazine derivatives 0 Diphenylbutylpiperidines-analysis, TLC, 
differentiation from phenothiazine derivatives 0 T1.C-analysis, 
tiu tyrophenones, diphenyl butylpiperidines, phenothiazine derivatives 


Butyrophenones, diphenylbutylpiperidines, and the 
pharmacologically analogous phenothiazines are currently 
used for the treatment of various psychotic disorders. A 
rapid detection and identification method is needed for 
screening pharmaceutical formulations for these drugs. 


Numerous investigators (1-13) described various solvent 
systems for chromatography of psychotropic drugs, mainly 
phenothiazine derivatives. However, none of these systems 
completely separates the two groups of neuroleptic com- 
pounds. In the proposed analytical system, group differ- 
entiation depends on Rf values and on color reactions to 
spray reagents. Identification of the butyrophenone or 
diphenylbutylpiperidine compounds can be accomplished 
with the described two-dimensional TLC method. 


Table I-Guide Rr Values for Phenothiazine Derivatives 
(Eluent A) 


Compound 1+0 RRfh  


Acepromazine 0.23 0.72 
Acetophenazine 0.20 0.62 
Alimemazine (1.3s 1.09 


Chlorpromazine o.:u 1 
Dixyrazine 0.8 1 0.97 
Pluphenazine 0.:Kl 1.03 
1,evomepromazine 0.36 1.12 


Perazine 0.18 0.56 
Perphenazine 0.:31 0.97 
Piperacethazine 0.18 0.56 
I’roc hlorperazine 0.29 0.90 
Promazine 0.23 0.72 
Promet hazi tie 0.37 1.16 
I’ropericiazine 0.30 0.94 


Prothipendyl 0.17 0.53 
Thiopropazate 0.7 1 2.22 
Thioproperazine 0.23 0.72 


rriethylperazine 0.:10 0.94 
‘I’rifluoperaziiie 0x3 1.03 
‘I’riflutrpromazine 0.36 1.12 


(trimeprazine) 


(methotrimeprazine) 


(pericyazine) 


Thioridazine 0.32 1 


Mean of six values. Relative value with chlorpromazine as standard. 


EXPERIMENTAL 


Adsorbent-Precoated TLC silica gel 60 F 254’ plates were used. 
Eluent Systems-Solvents were analytical grade and were used as 


received from commercial sources1. Eluent A consisted of ethyl ace- 
tate-chloroform-methanol-0.1 M sodium acetate buffer (pH 4.7) (54: 
23:18:5). Eluent B consisted of chloroform-ethanol (9O:lO). 


Detection-The following spray reagents were used: 
Reagent A-To 250 mg of‘ vanadium pentoxide, 40 ml of concentrated 


sulfuric acid was added. The mixture was diluted with distilled water to 
500 ml (12). 


Reagent R-To 5 ml of 5% aqueous iron(I11) chloride, 45 ml of’ 20V0 
perchloric acid and 50 ml of 50% nitric acid were added (12, 13). 


Reagent C-Five grams of p-dimethylaminobenzaldehyde was dis- 
solved in 100 rnl of 18 N H2S04 (13). 


Reagent D-A 40% ( v h )  aqueous sulfuric acid solution was used. After 
spraying, the TLC plate was heated a t  110’ for 5-10 min (14). 


Reagent E-To 0.1% ethanolic bromcresol purple solution were added 
a few drops of a 10% ammonia solution until the color changed (15, 
16). 


Reagent F-Forty milligrams of‘ bromcrestrl green was dissolved in 100 
ml of ethanol, and 0.1 N NaOH was added until a hlue color appeared 
(15, 16). 


Rcwgc,nt G-Aconitic acid, 250 mg, was dissolved in 40 ml of acetic 
anhydride by heating; the mixture was diluted with toluene to 100 ml. 
After spraying. the TLC plate was heated a t  100° for 30 min (17, 18). 


Drug Solutions-Ten milligrams o f  the pure drug reference stan- 
dards’ were dissolved in 10 ml of chloroform-methanol (723). The com- 
pounds investigated are summarized in Tahles I and 11. 


Procedure-Rapid Group DPtectifJn-volumeS of 10 pl, corre- 
sponding to 10 fig of a compound, were applied to a precoated silica gel 
plate with a syringe:’. The chromatoplate was developed over 15 cm using 
Kluent A in a tank4 without filter paper lining. Use of a saturated 
paper-lined development tank resulted in a poor separation because of 
the lower R/ values of‘ all compounds and because many o f  the pheno- 
thiazine derivatives did not migrate from the application point. 


The plate was air dried a t  room temperature and viewed under 
shortwave UV light”. The spots were outlined with a pencil. Finally. the 
plate was sprayed with one detection reagent lor group identification. 


identification (if Rutyrophcvwncs and niphc.n~lhulylpipcridinc.s- 
When the rapid detection method showed the presence ot’a neuroleptic 
compound of the butyrophenone-diphenyll,ulS.ll,il,eridine group, 
identification of this compound could I)e cont‘irmed using twri-dimen- 
sional TIZ. With a 10-pl syringe, the hutyrophenone-diphenylhutyl- 
piperidine mixture was applied to the three corners of a TLC plate pre- 
pared as shown in Fig. 1. 


Alter development over 15 cm using Eluent A in a tank without paper 
lining, the ‘H,C plate was removed and air dried a t  room temperature. 
’I’he plate was then developed tor 15 cm a t  right angles to the first run  
in a second tank containing Eluent Band saturated by lining the walls 
with filter paper moistened with the mohile phase. The chromatogram 


Merck. Darmstadt. West (krmanv. 
I’ure drug samples were supplied fiy Janssen I’harmaceutica (all hutyrtq)hen- 


tines and di~henvll)ut~ll)iperidines), Farmitulia, Searle. Scheriny, Rhiine- l’oulcmc, 
Smith Kline ti French. Sandoz, Clin-Ryla. Pitman- hlmtre. I’nummta. arid Hrmilmry 
aiid llnion (‘himiclue Helge (Iihenot hiazinr tlt.riv;itive~l. 


Hamilton. Hwuidua, Switzerland. 
1)esaga. Heidelherg, West Gerrnanv. 
Chromatlb-vue cahinet CC-’20, Ultra-Violet I ’ r ~ d w t s .  Sail (htiriel. ( ’ d ~ t .  
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Table 111-Color Reaction to Various Spray  Reagents Table 11-Guide Rf Values for  Butyrophenone and  
Diphenylbutylpiperidine Compounds 


Eluent B -~ Eluent A 
Compound R/" RRfh RR/' R," RR/' 


Rutyrophenones 
Renperidol 0.65 1.72 1 0.29 1 
Droperidol 0.63 1.97 1.14 0.37 1.27 
Fluanisone 0.76 2.37 1.38 0.62 2.14 
Haloperidol 0.44 1.97 0.80 0.16 0.55 
Pipamperone 0.22 0.69 0.40 0.06 0.21 
Trifluperidol 0.47 1.47 0.85 0.16 0.55 


Diphenylbutylpiperidines 
Fluspirilene 0.67 2.09 1.22 0.43 1.48 
Penfluridol 0.77 2.40 1.40 0.37 1.27 
Pimozide 0.75 2.34 1.36 0.52 1.79 


0 Mean ol lour values. Relative R/ value with chlorpromazine as standard. 
I Relative K /  value with benperidiil as standard. 


was air dried a t  room temperature and evaluated by quenching the 
254-nni-induced fluorescence. 


RESULTS 


Guide R/ values for the examined compounds are summarized in Ta- 
bles I and ll. 


The described one-dimensional T I X  method with Eluent A allows 
almost a complete differentiation of the phenothiazine group and the 
hutyrophenone-diphenylbutylpiperidine group. With this solvent sys- 
tem, nearly all compounds of  the latter group were located between R/ 
0.44 and 0.76. Pipamperone (R/  0.22) was the only compound that did 
not migrate into this region. Fluanisone, penfluridol, and pimozide were 
not separated with this eluent. The phenothiazine thiopropazate (R10.71) 
interfered with these three compounds. All other phenothiazines mi- 
grated into the Rf 0.18-0.37 region where pipamperone interference was 
possible. 


Combination of Rf values and the color reactions can facilitate the 
identification of the compounds. All compounds investigated quenched 
the 254-nm-induced fluorescence. Croup differentiation was possihle 
with different reagents (Table 111). 


The phenothiazine group reacted positively with Reagents A-D, 
whereas no color reaction was seen for the butyrophenones and diphen- 
ylbutylpiperidines. Reagents C and D gave more intense colors than did 
Reagents A and 8. All compounds examined reacted with Reagents E 
and F to give lightly bluish-colored spots. Reagent G reacted with buty- 
rophenones and diphenylbutylpiperidines, but spot intensities were so 
light that identification was very difficult. 


0 mooo I 


Figure 1-Type chromatogram of the two-dimensional identification 
test for butyrophenoncs and diphcnylbutylpipPridines. 


- 


UV, Detection Reagent" 
Compound 254nm A B C D E F G 


Phenothiazines 
Acepromazine 
Acetophenazine 
Alimemazine 
Chlorpromazine 
Dixyrazine 
Fluphenazine 
Levomepromazine 
Perazine 
I'erphenazine 
Piperacethazine 
Prochlorperazine 
Promazine 
Promethazine 
l'ropericiazine 
Prothipendyl 
T h  i opropazate 
Thioproperazine 
Thioridazine 
Triethylperazine 
Trifluoperazine 
Trilluopromazine 


Hut yrophenones 
Henperidol 
Droperidol 
Fluanisone 
Haloperidol 
Pipam perone 
Tri  fluperidol 


Fluspirilene 
Penfluridol 


1)iphenylbutylpiperidines 


+ + + + + + + + + + + + + + + + + + + + + 
+ + + + + + 
t + 


Pimozide i 


RO R RO RR BI; BL - 
R R R R B L B L -  
KO RO RO RB BL BL - 
R R R R B L B L -  
RO R R R BL BL - 
0 0 0 0 BI, HL - 
P P BL BL BL BL - 
RO R R R BL BL - 
R R R R B L B L -  
R R R R B L B L -  
R R R R B L R L -  
RO RO RO RB BL BL - 
BO B B RR BL BL - 
KO R R RO BL BL - 
0 Y Y B BL BI. - 
WR WR R R BL BL - 
R H R R HI, BL - 
P P BL BL BL BL - 
P P BL BL BL BL - 
0 0 0 0 B L B L -  
0 0 0 0 B L B L -  


H = brown, RI. = blue, 0 = orange. P = purple. R = red, Y = yellow, W = weak. 
+ = detectable, and - = not detectable. 


The color of a compound after TIX and spraying is generally depen- 
dent on the concentration of the substance in the sample, on the mode 
I)( reagent application, and on the amount of reagent used for detection. 
In this TLC procedure, identification depends on R/ values (or relative 
H I  values with, forgxample, chlorpromazine as a standard) and on color. 
Neither is an absolute. 


Identity of the butyrophenone or diphenylhutylpiperidine compound 
can he accomplished by the described two-dimensional TLC method. 
Guide R/ values of the compounds for the two solvent systems are sum- 
marized in Table 11. A two-dimensional chromatogram is shown in Fig. 
1. Because of the great similarity in chemical structure of the butyro- 
phenones and diphenylbutylpiperidines, it is very difficult to find a 
specific reagent for each compound of this group. Therefore, unspecific 
detection such as shortwave IJV light was used. 


Iodine vapors or the Munier-Machehoeuf modification of Dragen- 
dorffs reagent can he used also. The use of unspecific detecting agents, 
however, makes identification dependent on R/ values, which are in- 
fluenced by numerous parameters. Comparison with reference samples 
would be absolutely necessary. 
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Abstract  0 A high-pressure liquid chromatographic (HPLC) method 
was developed for the assay of antipyrine in small (0.1-ml) plasma sam- 
ples using aminopyrine as the internal standard and a reversed-phase 
tnicroparticulatt? cdiimn. The assay sensitivity (1 pg/ml) permits de- 
velopment ofa plasma level-time curve using a single rat. The mean (* 
SA’) plasma elimination half-life in rats was 1.28 f 0.14 hr. A comparison 
ot’ the spectrophotometric method with the HP1.C method yielded a 
correlation coefficient of 0.98. The HPLC assay for antipyrine is rapid 
and precise and can be used fiir hepatic drug metabolism study in a single 
animal. 


Keyphrases 0 Antipyrine-analysis, high-pressure liquid chromatog- 
raphy, plasma, rats 0 High-pressure liquid chromatography-analysis, 
antipyrine, plasma, rats 0 Analgesics-antipyrine, high-pressure liquid 
chromatographic assay, plasma, rats 


The plasma antipyrine elimination rate is commonly 
used to study hepatic drug metabolism in uiuo (1-5). An- 
tipyrine is metabolized almost completely by the liver 
enzymes (6), and protein binding of the drug is minimal 
(7). 


BACKGROUND 


The spectrophotometric assay of Brodie et al. (8) generally is used for 
measuring plasma antipyrine levels. The spectrophotometric method 
is tedious and may yield high hlank values. Furthermore, the method re- 
quires 1-2 rnl of plasma, which precludes obtaining multiple samples from 
a small animal such as the rat. 


GLC analyses of antipyrine also have been reported (3,9).  Although 
these methods appear to be more precise than the spectrophotometric 
method, they still require a 1.0-ml plasma sample and drug extraction. 
Another assay for plasma antipyrine using I4C-lahel drug (4) is very 
sensitive hut requires expensive equipment and involves the hazards of 
radioactivity. 


High-pressure liquid chromatography (HP1.C) has been applied to 
the separation and quantitation of many drugs. A sensitive HPLC pro- 
cedure for antipyrine using a silica gel column was reported (10). This 
procedure requires 0.5 ml of plasma for drug extraction. A rapid, sensitive 
method was needed that utilizes smaller blood samples, 0.1-0.2 ml, so 
that an antipyrine pharmacokinetic profile ran be obtained in a single 
laboratory animal such as the rat. Recently, HP1,C procedures utilizing 
reversed-phase chromatography were developed for drug analysis in bi- 
ological tissues (1 1). The advantage of reversed-phase HPLC is that 
minimal sample cleanup is required prior to chromatography; therefore, 
smaller tissue samples may he used. 


This report describes a rapid HP1.C procedure which is more precise 


than the spectrophotometric method and utilizes small plasma sample 
volumes. 


EXPERIMENTAL 


Materials-Antipyrine NF and aminopyrine NF were used as stan- 
dardsl. All other reagents, analytical grade or better, were purchased from 
commercial sources. 


Animals-Adult, male, Sprague-Dawley strain rats’, 200-350 g, were 
used. 


Plasma Assay and  Animal Dosing-For standard curves, heparin- 
ized blood samples were removed from the abdominal aorta of non- 
medicated ether-anesthetized rats, placed into centrifuge tubes, and 
centrifuged to obtain the plasma fraction. Plasma aliquots (0.1 ml) were 
pipetted into 1.5-ml microtest tubes? and spiked with 10 pl of concen- 
trated antipyrine solutions to yield final drug concentrations corre- 
sponding to 0, 1.5,3,4.5,6, 12, 25, and 50 pg/ml of plasma. 


To each microtest tube was added 0.05 ml of 20% (w/v) ZnS04-7H20 
in 50% (v/v) methanol-water containing aminopyrine, 100 pg/ml, as the 
internal standard. The mixture was mixed on a vortex mixer. Then 0.05 
ml of saturated barium hydroxide solution was added to the mixture. The 
final mixture was vortexed and centrifuged for 10 min. A 10-pl sample 
of the supernate was removed and subjected to HI’LC. 


Hats were given 100 mg of antipyrindkg ip (injection volume of 0.5 
1n1/200 g). Blotd samples of approximately 250-300 pl were removed from 
the tail vein at 0, 2, 3, 4, 5, and 6 hr. The samples were placed into 
heparinized microcentrifuge tubes and centrifuged to obtain the plasma 
fraction. Plasma aliquots, 0.1 ml, were processed along with the spiked 
plasma standards described. 


HPLC-Samples were chromatographed on a high-pressure liquid 
chromatograph4 equipped with a universal liquid chromatographic in- 
jector, a UV (254-nm) absorbance detector, and a strip-chart recorder5. 
The deproteinated plasma samples (10 pl) were chromatographed a t  
room temperature on a microparticulate6 reversed-phase HPLC column, 
4 mm X 30 cm, with an eluting mobile phase of methanol-water ( ~ W O  v/v). 
The mobile phase flow rate was adjusted to 1 ml/min with an inlet pres- 
sure of -1750 psig. The chart speed was 0.25 cm/min. 


A standard curve was obtained by comparing the peak height ratio of 
antipyrine to aminopyrine and the spiked plasma antipyrine concen- 
tration. Unknown plasma sample concentrations were calculated by 
comparing the peak height ratios ol’the samples to the processed stan- 
dards. 


Correlation with Spectrophotometric Assay-Ten plasma samples 
obtained from nonmedicated rats were spiked with antipyrine a t  con- 


’ Merck & CII., Rahway, N.J. 
Charles River CD. 
Eppendorf, Hrinkmann Instrument, Westbury, N.Y. 
Model AI.C/GPC 204, Waters Associates. Milfurd. Mass. 
Fisher Recordall, series 500, Fisher Scientific Co.. Pittsburgh, Pa. 
pRondapak CIS, Waters Associates, Millord. Mass. 
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Selective Determination of Berberine in Pharmaceuticals by 
Solvent Extraction 
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Abstract A solvent extraction and spectrophotometric method for 
selective determination of berberine in pharmaceuticals is proposed. 
Berberine forms an ion associate with tetrabromophenolphthalein ethyl 
ester, which is extracted into ethylene dichloride. Secondary and tertiary 
amines and alkaloids are coextracted with the berberine and complicate 
the berberine determination. The absorbance of the secondary and ter- 
tiary amines and alkaloids into ethylene dichloride, however, decreases 
nearly to zero when the temperature is elevated from 25 t o  60’. Thus, 
berberine can be determined successfully in the presence of the secondary 
and tertiary amines and alkaloids by using thermochromism. 


Keyphrases 0 Berberine-analysis, solvent extraction, spectrophoto- 
metric method using thermochromism, various pharmaceuticals 
Thermochromism-analysis, berberine in various pharmaceuticals, 
solvent extraction, spectrophotometry Spectrophotometry, solvent 
extraction-analysis, berberine in various pharmaceuticals, using ther- 
mochromism 0 Antibacterial agents-berberine, analysis in various 
pharmaceuticals, solvent extraction, spectrometry, using thermo- 
chromism 


Bromthymol blue, bromcresol green, and bromphenol 
blue usually are used for the solvent extraction and spec- 
trophotometric determination of thiamine (l), quaternary 
ammonium compounds (2),  and quinine ethylcarbonate 
(3), respectively. These dyes are diprotic acids with a 
narrow optimum pH range and poor extractability of the 
ion associates into organic solvents. 


Tetrabromophenolphthalein ethyl ester anion (I) is a 
monoprotic acid and can form ion associates (11) with 
quaternary ammonium cations (111) and charge transfer 
complexes (IV) with amines (V), which are effectively 
extracted into organic solvents through a wide pH range 
(4). Tetrabromophenolphthalein ethyl ester shows a high 
sensitivity for quaternary ammonium cations and amines, 
but the absorption spectra overlap each other. Thus, it is 
difficult to determine spectrophotometrically the qua- 
ternary ammonium salts and amines separately when they 
coexist. An attempt was made to separate the amine pro- 
caine from the quaternary ammonium salt benzethonium 
by solvent extraction, but it was difficult to remove the 
amine completely (5). 


The author found, however, that the color of the charge 
transfer complex in ethylene dichloride reversibly disap- 


peared with the elevation of temperature. Even at 60°, the 
red complex was rarely found while the absorbance of the 
ion associate a t  610 nm was unchanged at 60’. Thus, a 
quaternary ammonium salt could be determined spec- 
trophotometrically a t  60’ without the disturbance of 
amines. 


This paper describes the extraction and spectrophoto- 
metric determination of berberine in pharmaceuticals after 
the temperature is increased to 60” to eliminate the effect 
of the coexisting amines. 


EXPERIMENTAL 


Apparatus-A double-beam spectrophotometerl attached to a tem- 
perature-controlled cell holder was used to measure absorbances at a 
constant temperature using quartz 1-cm cells with stoppers. An x-y re- 
corder2 was used for the spectra. Constant cell temperature was main- 
tained by circulating constant-temperature water through the temper- 
ature-controlled cell holder by means of a temperature-controlled cir- 
cuIato$. The solvent temperature in the cell was checked by dipping a 
thermoelement of a thermometer4 in the solvent. A pH meter, a shaker, 
and a centrifuge were also used. 


Reagents-Standard Berberine Solution-A stock solution of 1 X 
M berberine was prepared by dissolving 0.4075 g of berberine hy- 


drochloride5 (dried a t  1 0 5 O )  in distilled water and diluting to I liter with 
distilled water. The stock solution was standardized by the official 
method (6). The solution was used after accurate dilution. 


M 
solution of tetrabromophenolphthalein ethyl ester was prepared by 
dissolving 0.1400 g of tetrabromophenolphthalein ethyl ester potassium 
salt6 in ethanol to give a 100-ml solution. 


Buffer Solution ( p H  8.5)-The borate-phosphate buffer was prepared 
by adding 1 N H&04 or 1 N NaOH to the 0.3 M potassium dihydrogen 
phosphate containing 0.1 M sodium borate. 


Procaine7, ephedrines, quinineg, papaverineg, eserine’O, and emetine5 
were used as the hydrochloride and the sulfate. Ethylene dichloride was 
used as the extractant. All chemicals were reagent grade. 


7’elrabromophenolpht~a~ein Ethyl Ester Solution-A 2.0 X 


Hitachi model 556. 
Hitachi model 057. 
Komatsu-Yamato model CTE-240. 
Anritsu model HP-4F. 
Nakarai Kagaku Yakuhin Co., Kyoto, Japan. 
Tokyo Kasei Kogyo Co., Tokyo, Japan. 
Daiichi Seiyaku Co., Tokyo, .Japan. 
Sanwa Kagaku Co., Nagoya, Ja an. 
Katayama Kagaku KO yo Co., &aka, Japan, 


lo E. Merck, Darmstadt, 6‘est.Germany. 
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Table I-Effect of Foreign Substances on Berberine 
Determination a 


~~ 


Substance 
Berberine Recovery, % 


Mole Ratio 25' 60' 


Glucose 
Lactose 
Ammonium sulfate 
Calcium chloride 
Sodium carbonate 
Sodium chloride 
Sodium nitrate 
Sodium acetate 
Sodium citrate 
Sodium salicylate 
Starch, 0.4?6 
Thiamine 
Triethanolamine 
Caffeine 
Benzet honium 
Neostigmine 
Diphenhydramine 


Procaine 


Emetine 


1% puveri ne 


Pilocarpine 
Eserine 


Chlorophenylamine 


1:lOoo 
1:lOOO 
1:lOOO 
1:looO 
1:looO 
1:lOOO 
1:lOOO 
1:lOOO 
1:lOOO 
1:lOOO 


1:l 
1:500 
1:lOO 
1:l 
1 :o. 1 
1:0.3 
1:0.5 
1:2 
1:4 
1:1 
1:2 
1:lO 
1:20 
130 
1:l 
1:2 
1:0.3 
1:0.5 


100 
98 


101 
100 
98 ._ 


102 
101 
101 
100 
99 


101 ~~~ 


102 
105 
101 
185 
111 
107 
i12 
129 
159 
113 
130 
105 
114 
106 
111 
126 
115 
128 


185 
111 
102 
104 .. ~ 


102 
106 
102 
106 
98 


101 
101 
100 
102 
104 
106 


0 The herherine taken was 1 X 10-6 M ,  the wavelength was 610 nm, and the pH 
was H.5. 


Recommended Procedure-Berberine solution, 0.5-5 ml(2.5 X 
M ) ,  2 ml of tetrahromophenolphthalein ethyl ester (2 X M), and 5 
ml of borate-phosphate buffer (pH 8.5) were pipetted into a 100-ml 
separator. The mixture was diluted with water to 50 ml and shaken with 
10 ml of ethylene dichloride for 5 min mechanically. 


The organic layer was transferred into a stoppered test tube and cen- 
trifuged to remove water droplets. The absorbance (610 nm) of the or- 
ganic phase was measured a t  25O in the temperature-controlled cell holder 
against the reagent blank. The temperature was raised to 60' with the 
cell remaining in the holder, and the absorbance of the same phase was 
measured. 


The calibration curves were straight, starting a t  the origin, over 0.25-2.5 
X M berberine aqueous solution. The molar absorptivities a t  25 and 
60" in ethylene dichloride were 9.80 X lo4 and 9.24 X lo4 mole-' cm-' 
liter, respectively. The precision was checked by 10 measurements, and 
the variation coefficient was f 1 %  a t  each temperature. 


WAVELENGTH, nm 


Figure I-Absorption spectra of 6.4 X M tetrabrornophenol- 
phthalein ethyl ester-1 X M berberine a t  different temperatures 
and pH 8.5. The shaking time was .5 min, and the reference was 
ccalrr 


Table  11-Berberine Analysis in Practical Samples 


Amount Amount Found, mg 
Sample Manifested, mg 25' 60° 


75 
50 


100 


81 76 
.53.5 


105 
5 i  


101 


0 Also contained thiamine hydrochloride (5 mg), diphenhydramine hydrochloride 
(10 mg), and methylephedrine hydrochloride (15 mg). Also contained di- 
phenhydramine hydrochloride (10 mg). papaverine hydrochloride (5 mg), and 
thiamine hydrochloride (5 mg). C Also contained chlorpheniramine maleate (15 
mg), thiamine hydrochloride (10 mg). and papaverine hydrochloride (20 mg). 


RESULTS AND DISCUSSION 


Extraction Mechanism with Tetrabromophenolphthalein Ethyl 
Ester-Tetrabromophenolphthalein ethyl ester anion (I) reacted with 
quaternary ammonium salts such as berberine, tetraethylammonium, 
henzethonium (7), and sparteine to form blue-color ion associates, which 
were extracted into ethylene dichloride. Secondary and tertiary amines 
such as ephedrine, quinine (4), papaverine, procaine (5), and emetine also 
reacted with I to form reddish complexes, which were extracted into 
ethylene dichloride. The ratio of I to the compounds of both the blue ion 
associates and the reddish complexes in ethylene dichloride was 1:1, as 
determined by the continuous variation method. 


The electric conductivities of the dye molecule (VI), of the ion associate 
with berberine, and of the complex with procaine in ethylene dichloride 
were measured. The solutions containing M VI and its charge 
transfer complex with procaine did not show conductivity when measured 
a t  various temperatures from 20 to 50'. The solutions containing 
M of the ion associate with berberine showed some small conductivity 
(micro-ohms per centimeter): 20°, 6.14; 30°, 6.78; 40°, 7.29; and 50°, 
8.0. 


Accordingly, the following extraction scheme is presented. The sub- 
scripts o and w refer to the organic and aqueous phases, respectively. 


I, + H ; e  VIO 
blue yellow (A,,, = 410 nm) 


Scheme I-Extraction of tetrabromophenolphthalein ethyl ester 
I, t III,, z I-IIb(I1) ;i 10 t 1110 


blue blue (A,,, = 610 nm) 
Scheme 11-Extraction of ion associate 


I ,+H:tV, z I-H.V"(IVo) 
red (A,,, = 545 - 585 nm) 


Scheme 111-Extraction of charge transfer complex 


Thermochromism of Ion Associate and Charge Transfer Complex 
with I-The absorption spectra of the I-berberine ion associate and the 


I 55" 


WAVELENGTH. nm 
Figure 2-Changes in absorption spectra of the charge transfer complex 
by thermochromism. The amine was 2.5 X M procaine with f.28 
X M tetrabromophenolphthalein ethyl ester at p H  8.5. The ref- 
erence was water. 
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VI-procaine complex in ethylene dichloride a t  various temperatures are 
shown in Figs. 1 and 2, respectively. The absorption spectrum of the 
I-berberine ion. associate was scarcely affected by the temperature 
change. The slight decrease in absorbance with a rise in temperature 
depended on the expansion of ethylene dichloride. 


On the other hand, the VI-procaine complex absorption spectrum in 
ethylene dichloride was greatly influenced by temperature. When the 
temperature was elevated, the absorbance a t  585 nm decreased and the 
absorbance at 410 nm increased. The isosbestic point in this absorption 
spectrum was 465 nm. 


Thus, Scheme IV is presented. 
IVOwarn\ VIO + vo - red c m ~  yellow colorless 


Schemp I V 


The absorbances of the I-berberine ion associate at 610 nm, of the VI- 
procaine complex a t  585 nm, and of the VI-papaverine complex a t  572 
nm were plotted against 1/T(T = absolute temperature) (Fig. 3). The 
absorbance change of the I-berherine ion associate is attributed to solvent 
expansion, and the absorbance decreases of the VI-papaverine and the 
VI-procaine complexes with increased temperature are due to complex 


I I I I I I 


dissociation according to Scheme IV. At 60°, the absorbances of the 
VI-procaine complex a t  585 nm and of the VI-papaverine complex a t  
572 nm were almost the same as the reagent blank. 


M )  was extracted into ethylene dichloride 
with I, the absorbance a t  610 nm was 0.520 a t  25' and 0.484 a t  60°, with 
water as a reference. When berberine (1 X 
M )  coexisted, the absorbance a t  610 nm was 0.577 a t  25O and 0.485 a t  60°. 
When the eserine concentration was doubled, the absorbance was 0.655 
at 25" and 0.493 at 60'. Therefore, the berberine concentration can be 
determined successfully at 60" without hindrance from coexisting amines. 
The other amines such as emetine, papaverine, procaine, and pilocarpine 
were tested, with the same results as eserine. 


Effect of Foreign Substances-Various foreign substances were 
added to a solution containing 1 X M berberine, and their influences 
were examined by the recommended procedure (Table I). Glucose, lac- 
tose, and inorganic ions such as ammonium, calcium, sodium, chloride, 
and sulfate did not interfere with the determination of berberine. Qua- 
ternary ammonium salts such as benzethonium and neostigmine severely 
affected the determination, with positive errors even a t  60'. Amines such 
as emetine, papaverine, pilocarpine, and eserine interfered with the de- 
termination a t  25' but not a t  60'. 


Analysis of Practical Samples-Commercial samples were analyzed 
according to the proposed method (Table 11). Of the coexisting sub- 
stances, diphenhydramine, methylephedrine, and chlorophenylamine 
gave some interference at 25'; a t  the elevated temperature, their influ- 
ences were suppressed by thermochromism. As a result, this thermo- 
chromism method is more selective, sensitive, and accurate than the of- 
ficial methods of determining berberine in pharmaceuticals. 


When berberine (1 X 


M )  and eserine (1 X 
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t
guidelines for good manufacturing practices as elaborated by the World 
Health Organization is reviewed in sections dealing with documentation, 
hygienic requirements, and clean room technology. 


The subject matter covered by the text is of such great international 
interest to pharmaceutical scientists that  a t  least a thousand articles or 
chapters in books appear annually. Therefore, it is of interest to check 
the bibliography of over 700 references used by the authors in the prep- 
aration of the text. Although the proportion does vary somewhat from 
chapter to chapter, the overall percentage cited from Swiss or German 
publications is about 60% of the total. This exceedingly high level may 
reflect the reading habits of the authors or their language preferences or 
limitations rather than the true proportion of scientific and technological 
activity taking place throughout the world. 


The emphasis in this German-language book lies squarely in the do- 
main of industrial pharmacy, and it can he highly recommended to 
pharmaceutical scientists active in the research, development, produc- 
tion, and control departments of the pharmaceutical industry; to teachers 
of pharmaceutics and pharmaceutical process technology and their 
gradl;ate students in the universities; and to scientific members of reg- 
ulatory agencies who wish to gain a valuable perspective of the complex 
nature of modern drug development and production. 


The publisher deserves commendation for the high technical quality 
of the hook itself. Format, typography, figures, and tables are numerous, 
clear, well-placed, and pertinent to the text. Perhaps that plus inflation 
explains the price of the hook. 


I "Galenisches Praktikum," K.  Munzel, J. Riichi, and 0 . - E .  Schultz, Eds., 
Wjssenschaftliche Verlagsgesellschaft MRH, Stuttgart, West Germany, 1959. 


"The Theory and Practice of Industrial Pharmacy", L. Lachman, H. A. Lie- 
herman, and J.  L. Kanig, Eds., Lea & Febiger, Philadelphia, Pa., 1970. 
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l!niver.sity of California 
San Francisco. CA 94143 


Diuretic Agents (ACS Symposium Series 83). Edited by EDWARD 
J .  CRAGOE, Jr. American Chemical Society, Washington, D.C. 1978. 
IX + 238 pages. 15 X 23 cm. Price $21.50. 
This book evolved primarily from an American Chemical Society 


Symposium on Diuretic Agents in 1977. However, as stated in the preface, 
since the symposium was hrief and a more complete picture of research 
in this field was desired, four papers were added to the original seven. 


The opening chapter (McGigg and Wong) contains an up-to-date re- 
view of the role of prostaglandins in renal function. It is followed by a 
chapter on the structure--activity relationships OF the highly potent, 
high-ceiling aminohenzoic acid diuretics ('l'vaermose, Nielsen, and Feit). 
The third chapter (Lang et al.) is on pharmacological effects of tizolemide 
(HOE 740) as an example of a novel class of sulfonamide compounds. 


The fourth chapter (Werner et a l . )  reviews the structure-activity re- 
lationships of sulfonamide diuretics. The next two chapters (Hessin et 
al. and Maass et a l . )  are on pharmacology and structure-activity rela- 
tionships of the newer diuretic uricosuric agent, tienilic acid (Ticrynafen). 
The seventh chapter (Smith et a l . )  is on 2-aminomethylphenols, a new 
class of saluretic agent characterized by the experimental compound 
MK-447. The following chapter (Horstmann et a l . )  reviews a new class 
of longer acting high-ceiling diuretics (l-aralkyl-'.'-pyrazolin-S-ones) 
characterized by muzolimine. 


The ninth chapter (Boschman ct a l . )  is a discussion of pharmacology 
and structural requirements of the quincarhates, a unique class of tricyclic 


diuretics. The following chapter (Saltzinger et 0 1 . )  discusses the novel 
diuretic etozolin, which has mild choleretic properties. The last chapter 
(Woltersdorf et al .)  discusses evolution of' some (aryloxyf-acetic acid 
diuretics after more than a decade o f  research. 


While this book is the result of the 1977 symposium, all chapters are 
dated as being received in August 1978 and many contain 1977 and a few 
1978 references. Therefore, this hook is a complete and current review 
of  structure-activity relationships and pharmacology of various classes 
of diuretic agents. This hook includes discussions on experimental agents 
undergoing testing for possible therapeutic use and would he useful for 
anyone seeking current information about the newer diuretic agents. 


Reuiewed by Gary L. Lage 
Philadelphia College of 


Pharmacy and Science 
Philadelphia, PA 19104 
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Discontinuous Absorption Processes in Pharmacokinetic Models 
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Abstract The limited contact time of absorbable drug with absorbing 
surfaces is, in some cases, a significant factor determining the fraction 
of the dose absorbed. A simple modification of customary linear com- 
partmental models is presented to account for this situation, and a general 
input function in the Laplace domain for truncated first-order absorption 
is derived. An extension to series of truncated absorption processes is 
discussed. 


Keyphrases 0 Bioavailability-pharmacokinetic models, limited ab- 
sorption time, fraction of dose absorbed 0 Models, pharmacokinetic- 
bioavailability, limited absorption time, fraction of dose absorbed Drug 
absorption-pharmacokinetic models, limited absorption time 


For clinical purposes, a detailed knowledge of intestinal 
and rectal drug absorption times from dosage forms is not 
essential. Information about the fraction of the dose en- 
tering the general circulation or available at  the site of 
action, peak plasma levels and the times at which they 
occur, and the time range during which the minimum ef- 
fective concentration is exceeded is all that is necessary for 
treating patients. However, in bioavailability assessment 
for dosage form development and some diagnostic pur- 
poses, details of absorption kinetics are important and 
approximation by an infinite first-order process is not al- 
ways sufficient. A simple but flexible way to handle this 
problem in linear models is presented. 


BACKGROUND 


Kubler (1-3) worked out an intestinal absorption theory on the basic 
assumption that drug is absorbed from a columnar volume of chymus 
traveling down the gut, which is considered as a tube of finite length. His 
results on ascorbic acid absorption indicate that there may be several 
intestinal segments with different absorption efficiencies. 


In the simplest case (one homogeneous absorption segment and a 
one-compartment open body model without drug degradation in the 
intestinal lumen, gut wall metabolism, and first-pass effect), four rather 
unhandy equations describe the plasma concentration-time course 
(b). 


Let t l  be the time when the column has completely entered the ab- 
sorbing segment and let tz be the time when its front first reaches the end 
of this segment. With the assumptions that entry starts a t  t = 0, the 
column does not increase in length during passage, the transport rate is 
equal a t  entry and exit, and the column can be regarded as a well-stirred 
compartment, for the time interval 0 < t < ti: 


where V, is the volume of the body compartment and k1 and k 2  are the 
first-order rate constanta of absorption and overall elimination, respec- 
tively. When t l  < t < tz, the whole length of the column is in contact with 
the absorbing surface and the plasma level function reads: 


(Eq. 2) 


During exit, for tz < t < t l  + tz: 


Finally, when there is no more absorption going on at  t > t 1 + t z ,  the 
terminal phase is described by: 


Although this approach is evidently better suited to describing the ki- 
netics of first-order absorption than any model based on the assumption 
that the intestine behaves like a well-stirred compartment in which un- 
absorbed drug potentially resides indefinitely, there can be no doubt that 
the situation is really more complex. 


Dilution occurs during intestinal passage, and there may be losses due 
to microbial or enzymatic degradation in the gut lumen as well as to in- 
testinal wall metabolism. If the latter processes are linear, they are easily 
accounted for by introducing into Eqs. 1-4 a factor, f ,  defined as the 
quotient of the absorption rate constant for unchanged drug over the sum 
of all rate constants of parallel first-order processes removing drug from 
the absorption site. It is this sum that appears as k l  in Eqs. 1-4. 


Dilution may be worth more consideration. During intestinal transport, 
the remaining unchanged drug is distributed in a steadily increasing 
volume of intestinal contents; the amount of drug immediately available 
for absorption per unit area of absorbing surface is decreased while the 
total area of contact between the absorbing gut wall and the drug-con- 
taining chymus is increased. If the drug were not distributed in a solid 
column but in an infinitely thin layer covering the gut wall, these effects 
would cancel out so that absorption would proceed as a fist-order process 
independent of the area of intestinal surface actually participating in drug 
absorption. Even if the assumption of an infinitely thin layer is not valid, 
a first-order process frequently approximates the time course of ab- 
sorption if absorption is fast. 


In Kubler's equations (1-3), the length of the drug-containing chymus 
column and its transport rate are implicit parameters. They contribute 
significantly to the complexity without, however, giving much additional 
information since their influence on plasma concentrations is significant 
only during the relatively short intervals of entry and exit. These prob- 
lems do not exist if absorption is treated as if it occurred from a small 
volume of chymus traveling down the intestinal tract at an arbitrary and 
even variable rate. This condition is true if a rapidly absorbed drug is 
released in a first-order process from a nondisintegrating preparation 
and may be a reasonable approximation in other cases. 


PROCEDURE' 


Consider a drug-containing volume of chymus that is so small that it 
passes through the absorbing length of intestine in a time interval shorter 
than the reciprocal of the corresponding sampling frequencies. With the 
assumption that absorption can be approximated reasonably well by a 
first-order process as discussed earlier, three equations are sufficient to 
describe the time course of plasma concentrations in a one-compartment 
open body model. 


Let t l  and t z  be the points in time at which the drug enters and leaves 
the absorbing segment of intestine and let k, and k, be the apparent rate 
constants of absorption and elimination, respectively. Then, for t < 
t 1: 


b - 0  
For t l  < t < tz: 


(Eq. 5) 


And for t > tz: 


1 Fitting programs are written in FORTRAN IV and were run on a PDP 11/10 
compu'ter with 24 K memory and RK 11/05 disk drive. They are available upon 
request to the author as listings and/or on cassettes. 
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Figure 1-Simulated time courses of plasma concentrations for a 
one-compartment model with truncated first-order absorption: 


Equation 18 
Parameter Values __ _ _ _  -.-. 


k,, hr-l 0.4 0.4 0.4 
b, hr-' 0.05 0.05 0.05 
V,. ml 8000.0 8000.0 8000.0 


1 1 1 
0 0 0 


48.0 8.0 4.0 
1.0 1.0 1.0 


There is a simpler and more generally applicable way to look at the 
problem. At t = t 2 ,  the amount of drug not yet absorbed is: 


D1 = Doe-km(tZ-tl) (Eq. 8) 
A t  all times t > t2, plasma concentrations are lower by: 


if absorption stops at  t = t2 than if absorption continues. This situation 
is illustrated in Fig. 1. 


By extending the range of definition, Eqs. 5 and 6 can be combined 
to: 


where TO is: 
t < t l  


Similarly, an alternative to Eq. 9 is: 


with: 


According to the theorem, if L [ F ( t ) ]  = f ( s )  and: 


then f [ G ( t ) ]  = f (s )e-n* ,  and one has the transforms: 


+ 
[(he - ka)(s  + k.) ( k ,  - ke)(s  + k,) 


kn - 
b ( s ) =  - ( K:) ) 


- 


(Eq. 15) 


and: 


+ 
(Eq. 16) 


Subtracting Eq. 16 from Eq. 15 gives the transform of the function 
for concentrations in the body for a one-compartment model with first- 
order absorption starting at t = t l  and stopping at  t = tz: 


[ (S + ka:ys + k e )  


This equation can be transformed back into the time domain: 


Thus, the input function for unlimited first-order absorption starting 
at  zero time: 


(Eq. 19) 


is replaced by: 


if the absorption rate is proportional to the amount of drug not yet ab- 
sorbed during the time interval t l  < t < t2 but is zero otherwise. 


A general equation for disposition from the central compartment of 
a linear mammillary model with n driving force compartments, where 
elimination may occur from any compartment, was given by Benet (4). 
Division by the volume of the central compartment changes the reference 
to concentrations rather than amounts: 


where k l j  and kjl are first-order rate constants for transfer from the 
central to the j t h  compartment and back, Ei is the sum of the exit rate 
constants from the ith compartment, and n is the number of driving force 
compartments. Both P(s )  and Q ( s )  are polynomials in s, with Q being 
of' higher degree than P so that partial fraction expansion is possible. 


Alternatively, Q(s) may be written as the product of its roots: 


(Eq. 22) 


The convolution of the input function (Eq. 20) and the general disposition 
function (Eq. 22) is obtained by inverse transformation of their product 
formed in the Laplace domain: 


(Eq. 23) 


Partial fractionexpansion'of the expression in the left brackets and in- 
troduction of shift-and-scale factors from the right brackets give, in the 
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time domain: 


Absorption from Several Segments-Where absorption does not' 
drop to zero at tz but assumes a different finite value, there are two se- 
quential absorption processes with first-order rate constants k,]  and k,2. 
Although such a change may be due to transition into an intestinal seg- 
ment with different absorption efficiency, alternative explanations can 
be a change in the release characteristics of the formulation or a change 
in the concentration of the absorbable drug species at the membrane 
caused by pH variations. 


In this case, the situation is handled adequately by recursive applica- 
tion of Eq. 24 since all functions are linear and, therefore, additive. The 
system behaves as if absorption stopped completely at t = t z  and as if a 
second dose of Dge-kal(tl-t2) started to be absorbed simultaneously with 
a different rate constant k,z. If absorption from the second segment 
approaches completion, the end of absorption due to drug removal from 
absorptive sites cannot be observed and just one more term is added to 
Eq. 24: 


which is readily extended to absorption from m segments in an n-com- 
partment mammillary model, extending the definition given in Eq. 13: 


where k,j is the absorption rate in the j t h  segment. In this notation, lag 
times are represented by an initial segment with index zero and absorp- 
tion rate constant koO equal to zero. The generalized equation for this type 
of model is then: 
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Figure 2-Plasma griseofulvin concentrations in rats (5): 


Equation 18 
Parameter Values __ _ - _  


k,, hr-' 0.09066 0.2602 
k., hr-I 0.3090 0.2944 
VJf, mllk 3939.3 7952.0 
tl, hr 0.3612 0.6387 
tz, hr 7.168 >24.0 
Do, mglk 50.0 50.0 


tL ~ 


*- -- ----- - -- - --- 
- ~~ 


12 24 36 48 
HOURS 


Figure 3-Plasma buformin levels in humans (sustained-released 
preparation) (7): 


Eouation 24 
Parameter Values 


k,, hr-' 0.1836 
0.05106 
0.2362 
0.0202 


-0.3016 
3.722 


3203.4 
100 


- _ -  
0.3422 
0.03523 
0.3420 
0.01314 
0.0 


>60.0 
90.04 


100 


Each segment is thus represented by two terms, both zero before the 
segment becomes involved in absorption. At this time, the first term as- 
sumes positive values whereas the second term changes to smaller neg- 
ative values as soon as the segment is no longer active in absorption. 


The solution is very general and of little use in any practical situation. 
Nevertheless, it indicates that any time course of absorption, however 
irregular, can be approximated by a sequence of first-order absorption 
processes, provided that the set of measurements is accurate and large 
enough. In fact the same effect can be achieved by a sequence of any 
well-defined input processes. An example is the simulation of first-order 
absorption by a sequence of zero-order infusions with decreasing rates, 
which Loo and Riegelman (5) used to demonstrate the applicability of 
their method of calculating intrinsic absorption rates. In this context, 
repeated administration of identical doses a t  equal time intervals may 
be viewed as an imperfect realization of a zero-order input function; the 
approximation becomes more and more perfect as the time intervals 
between administrations decrease. 


Zero-Order Absorption-Since the liberation of rapidly absorbed 
drugs from sustained-release preparations ideally should be close to a 
zero-order process, this case will be touched on briefly. With 5; and {Z 
defined as: 


0 t < t l  
l 1 = [  1 t > t l  


0 t < t Z  


h = [  1 t > t z  


(Eq. 2841) 


(Eq. 28b) 


the time course of plasma concentrations during and after zero-order 
infusion of a drug, conferring the properties of a two-compartment model 
upon the body, is given by: 
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and, after rearrangement: For tz > t3: 


where t l  is the time when infusion starts and t 2  is the time when it 
stops. 


The zero-order rate constant can be expressed as ko = [Do/(tz - 
tdl. 


In zero-order intestinal absorption, t 1 is the time of onset of release 
and tz is the time when the formulation is exhausted. Linear losses by 
gut wall metabolism and nonsaturable first-pass metabolism may be 
considered by multiplying Eq. 29 by a factor, f ,  which is smaller than or 
equal to unity. In this case, f is not a quotient of the rate constants but 
still reflects the fraction of absorbed drug that reaches the general cir- 
culation. 


Let t 3  be the time when the formulation leaves the absorbing segment 
of the intestine, which may be earlier or later than t2. For t 2  < tg: 
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where: 
0 t < t 3  


.r3 ={I t > t 3  
(Eq. 33) 


The difference between this case and an intravenous infusion is that 
complete bioavailability is no longer assured and that the input rate and 
duration are no longer experimental variables with known values but are 
model parameters to which values have to be assigned. 


Examples-Three examples from the literature (6-9) are given in 
which time-limited absorption explained experimental data better than 
models with continuing absorption. In the papers quoted, observations 
on individuals are reported. Time courses of the best-fitting continuous 
absorption models are indicated by broken lines; corresponding functions 
with truncated absorption are solid. 


Griseofuluin-Carrigan and Bates (6) administered doses of 50 mg of 
micronized griseofulvin/kg to rats. The drug was given in an aqueous 
suspension, in a corn oil suspension, and in a triphasic system with 
griseofulvin suspended in a corn oil-in-water emulsion. Polysorbate 60 


a) 


i 


26 68 
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Figure 4-Plasma sulfisorazole concentrations in humans after oral administration (8): 


0 t < t l  t < t z  
X 1 = a  X Z = P  fo={, t > tl 


Equation 27 
Parameter Values 


k.1. hr-l 0.1080 
1.6788 
0.1941 
0.2938 
0.08086 


2.0807 
10749.0 


2.0 


- 1.6656 


Equation 6 
Parameter Values 


ka, hr-l 
k,, hr-l 
Vc/f, ml 
tl, hr 
tz, hr 
Do, g 


---- 
0.2013 
0.2010 


6978.0 
0.0 


>48.0 
2.0 
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was added to all preparations. Seven samples were obtained between 1 
and 24 hr after administration. Significant differences in peak plasma 
levels attributable to the liquid phases were observed with mean values 
of 0.892,1.30, and 2.07 pglml, respectively. There were no corresponding 
shifts in the times when peak concentrations occurred. 


Figure 2 shows data from an animal that received the drug suspended 
in corn oil. The peak plasma level was the highest in its group and oc- 
curred late. The better fit of the discontinuous model, although con- 
spicuous, is statistically not significant because of the small number of 
degrees of freedom for the truncated absorption model (five parameters 
are estimated from seven observations). 


Buformin-A two-compartment model is adequate to describe the 
plasma concentration-time course after injection of buformin (7). The 
drug is not metabolized. A sustained-release formulation containing 100 
mg of 14C-buformin hydrochloride in a wax matrix was administered to 
six diabetic patients (8). Ten plasma samples were taken during 48 hr 
after ingestion. Both urinary and fecal excretion were followed. 


Figure 3 gives the plasma data for one subject. As predicted on the basis 
of in uitro liberation studies, release and absorption appear to be first 
order, although truncated. (Zero order was tested and gave a reasonable 
but inferior fit.) Fecal recovery was 44.8% of the dose, and 38.4% was 
excreted during the first 24 hr by this route. This finding is consistent 
with a fecal excretion of 48% predicted by the truncated absorption 
model. The negative lag time obtained in the fit is indicative of a short 
phase of rapid absorption, which cannot be resolved an the basis of the 
sampling schedule used. The variances of the residuals are 355.8 and 20.09 
(ng/ml)2 for the continuous and truncated absorption models with five 
and three degrees of freedom. Therefore, the latter model is significantly 
better on the 95% confidence level. 


Sulfisoxazole-Kaplan et al. (9) compared sulfisoxazole phar- 
macokinetic profiles after intravenous, intramuscular, and oral admin- 
istrations to six volunteers. After intravenous injection, the plasma 
concentration-time course corresponded to a two-compartment model. 
The data given in Fig. 4 were observed in the third subject after oral ad- 
ministration of a 2.0-g dose. It stands out among the experiments reported 
in this paper because of its apparent absence of scatter. Although a 
two-compartment, two-segment absorption model gives an excellent fit, 
there remains some doubt about its general applicability for the drug and 
the formulation used. Again, a negative lag time indicates that there is 
an initial phase of rapid absorption. 


Attempts to fit these data by a two-compartment model with con- 
tinuing first-order kinetics failed because the model degenerated when 
k., 0, and /3 became identical within the first three significant digits. 
Therefore, a one-compartment model with unlimited absorption was used 
for comparison. With residual variances of 404.38 and 0.1337 (pg/m1)2 
for seven and twotlegrees of freedom, the biphasic absorption model is 
superior on the 99% confidence level. 


DISCUSSION 


The type of models presented is not really new except for the notation, 
which was in part adapted from electronics (10). Time-limited intestinal 
absorption was demonstrated for lincomycin and clindamycin (1 1) and 
applied to the rectal absorption of lincomycin and aspirin as well, where 
the fraction of dose absorbed increased with retention time (12,131. 


Hybrids of flow models for absorption and compartmental models for 
distribution, metabolism, and elimination have advantages over a purely 
compartmental approach, which is included as a limiting case. Even in 
the simplest single-segment version, they provide a logical link between 
the rate and amount aspects of bioavailability and eliminate the flip-flop 
phenomenon if absorption is incomplete. Multisegment models are 
flexible tools to obtain more information about the time course of ab- 
sorption. The models are parsimonious since a minimum of new pa- 
rameters (one rate constant and an exit time) is introduced for each ab- 
sorption segment and good exit time estimates can be found by simple 
inspection of the data. They appear to be superior over models approxi- 
mating the intestine by a chain of compartments, as recently proposed 
by Hradil et at. (14), since they avoid the physiologically doubtful as- 
sumption of first-order transport between gut sections, which gives rise 
to poorly defined transition rate constants. 


If absorption stops abruptly, the graphical method of residuals fails 
as shown in Fig. 5, in which simulated data from Fig. 1 were redrawn 
semilogarithmically. As discussed by Perrier and Gibaldi (15), apparent 
absorption rates increase when only the absorption time interval is 
shortened. Other procedures to set up fraction absorbed uersus time plots 
(5,16) are still operative, but, like all sequential data analysis methods, 


100 


12 24 36 40 
HOURS 


Figure 5-Failure of the method of residuals if applied to data from 
Fig. I. 


they suffer from error propagation problems and are ineffective if few 
samples are taken during the absorption phase. 


Some problems are associated with the type of models proposed here. 
Obviously, spline functions cannot be used for interpolation in the 
neighborhood of discontinuities. Less obviously, commonly used fitting 
algorithms, such as the Gauss-Newton method, require that derivatives 
of model equations with respect to their parameters are continuous. This 
condition is not true for transition times and reduces both the compu- 
tation efficiency and the precision of the final estimates. This problem 
does not occur if inherently less efficient direct search strategies, such 
as the Nelder-Mead method (171, are applied. 


The increase in adaptability to  measurements makes truncated ab- 
sorption models more vulnerable to influences of bxperimental error than 
more rigid alternatives, and.the ease of improving a fit by just throwing 
in another absorption segment adds to this problem. The risk can be 
controlled by careful analysis of the residuals and, possibly, by inspection 
of confidence contours of the parameter estimates. In test calculations, 
a typical error, indicating improper use of limited absorption models, was 
a significant underestimation of the central compartment volume. 


Time-limited absorption models are implemented easily on both analog 
and digital computers and can be valuable tools in further studies of in- 
testinal drug absorption. They can also provide diagnostic help if ab- 
sorption kinetics are pathologically altered, as in mucoviscidosis*. 
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Abstract 0 NMR spectra of quinidine (I), hydroquinidine (II), and their 
respective acetyl derivatives (111 and IV) were compared. The chemical 
shifts of some protons in I differed from those of their counterparts in 
11. These values were concentration dependent in I and 11; they were 
similar in I11 and IV but not concentration dependent. The implications 
of these findings and the correlation of the NMR data with the preferred 
conformations are discussed. 


Keyphrases 0 Quinidine-conformation, NMR spectroscopic analysis, 
concentration dependence 0 Hydroquinidine-conformation, NMR 
spectroscopic analysis, concentration dependence NMR spectros- 
copy-quinidine and hydroquinidine, conformations, concentration 
dependence 


Of all of the cinchona alkaloids, quinidine (I) remains 
the most important because of its extensive use as an 
antiarrhythmic agent. Hydroquinidine (11) is an impurity 
found in commercial I and also has antiarrhythmic activity. 
The absolute configuration of all asymmetric carbon atoms 
in these molecules has been assigned by different methods 
including NMR spectroscopy (1-4). The evidence of these 
studies is considered conclusive. 


No comprehensive studies have been carried out con- 
cerning the conformation of the different fragments of I 
and 11. Knowledge concerning the preferred stable con- 
formation of these compounds facilitates structural elu- 
cidation of the metabolic products. The objectives of this 
work.were to analyze the NMR spectra of I and I1 and their 
9-acetyl derivatives 111 and IV, stressing the importance 
of acetylation, and to discover new information related to 
their structure and conformation. 


EXPERIMENTAL 


Spectra were obtained at 100 MHz using an analytical NMR spec- 
trometer' equipped with an automatic recorder. Tetramethylsilane in 
deuterochloroform was used as the internal standard; the chemical shift 
of'its protons does not appear in the spectra. Pure I and I1 were obtained 
from commercial quinidine sulfate2. TLC and preparative TLC were 
carried out on aluminum oxide3 plates. The developing solvent was ethyl 
acetate. 


Purification of Commercial Quinidine-Commercial quinidine 


1 Varian A-100 D. 
Quinidine sulfate USP, Sigma Chemical Co., St. Louis, Mo. 
Aluminum oxide GF 254, Stahl, Merck. 


I1 
sulfate (500 mg) was dissolved in water (20 ml). A slight excess of sodium 
bicarbonate was added, and the free base was extracted in a separator 
by three 30-ml portions of chloroform. The chloroform solution was fil- 
tered through anhydrous sodium sulfate and evaporated. 


Portions of the free base (30 mg) were chromatographed on aluminum 
oxide plates. The fluorescing material was viewed under UV light and 
divided into three fractions. The upper strip was scraped and dispersed 
in 20 ml of 0.1 N H2S04. Sodium bicarbonate (240 mg) was added, and 
pure quinidine was extracted with chloroform. The mixture was trans- 
ferred to a separator, and the chloroform solution was filtered through 
anhydrous sodium sulfate and evaporated. A readily crystallized pure 
quinidine was obtained after solvent removal, mp 170-171°, Rf 0.135 
(chloroform-ethyl acetate, 21) .  The NMR spectrum is shown in Fig. 
I. 


The lower strip, containing I1 contaminated by small quantities of I, 
was scraped and extracted as described. Pure I1 was obtained by a repe- 
tition of the chromatographic procedure. Recrystallization from methanol 
yielded crystals, mp 169' [lit. (5) mp 169 and 174'1; Rf 0.1 (chloroform- 
ethyl acetate, 2:l). The NMR spectral data are given in Table I. 


Acetylation-Pure quinidine (40 mg) was dissolved in pyridine (1 ml), 
and acetic anhydride (1 ml) was added. The reaction mixture was allowed 
to stand at room temperature for 24 hr. Solvents were removed with an 
air stream. and the solid residue was dissolved in 30 ml of chloroform. The 
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ERRATA 


In the article titled “Potentiometric Titration on Monomeric and 
Micellar Acylcarnitines” (l) ,  the following correction should be made: 


On page 800, Table 11, the pK value of Acetylcarnitine HCI should be 


Amponium Compounds Using Bromthymol Blue” (l), the following 
correction should be made: 


On page 111, column 1, under Assay, the first sentence should read: 
3.50 instead of 3.60. “In a 25-ml volumetric flask, 2.0 ml of hydroxyethylcellulose solution and 


250 mg of sodium chloride were mixed with 5-10 ml of 0.05 M buffer so- 
lution, and 1.0 ml of dye solution was added by pipet.” (1) s. H. Yalkowky and G. Zografi, J.  Pharm. sci., 59, 798 (1970). _ _  - 


In the article titled “Direct Spectrophotometric Assay of Quaternary (1) J. B. Lowry, J.  Pharrn. Sci., 68,110 (1979). 
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Abstract  0 A high-pressure liquid chromatographic (HPLC) method 
was developed for the assay of antipyrine in small (0.1-ml) plasma sam- 
ples using aminopyrine as the internal standard and a reversed-phase 
tnicroparticulatt? cdiimn. The assay sensitivity (1 pg/ml) permits de- 
velopment ofa plasma level-time curve using a single rat. The mean (* 
SA’) plasma elimination half-life in rats was 1.28 f 0.14 hr. A comparison 
ot’ the spectrophotometric method with the HP1.C method yielded a 
correlation coefficient of 0.98. The HPLC assay for antipyrine is rapid 
and precise and can be used fiir hepatic drug metabolism study in a single 
animal. 


Keyphrases 0 Antipyrine-analysis, high-pressure liquid chromatog- 
raphy, plasma, rats 0 High-pressure liquid chromatography-analysis, 
antipyrine, plasma, rats 0 Analgesics-antipyrine, high-pressure liquid 
chromatographic assay, plasma, rats 


The plasma antipyrine elimination rate is commonly 
used to study hepatic drug metabolism in uiuo (1-5). An- 
tipyrine is metabolized almost completely by the liver 
enzymes (6), and protein binding of the drug is minimal 
(7). 


BACKGROUND 


The spectrophotometric assay of Brodie et al. (8) generally is used for 
measuring plasma antipyrine levels. The spectrophotometric method 
is tedious and may yield high hlank values. Furthermore, the method re- 
quires 1-2 rnl of plasma, which precludes obtaining multiple samples from 
a small animal such as the rat. 


GLC analyses of antipyrine also have been reported (3,9).  Although 
these methods appear to be more precise than the spectrophotometric 
method, they still require a 1.0-ml plasma sample and drug extraction. 
Another assay for plasma antipyrine using I4C-lahel drug (4) is very 
sensitive hut requires expensive equipment and involves the hazards of 
radioactivity. 


High-pressure liquid chromatography (HP1.C) has been applied to 
the separation and quantitation of many drugs. A sensitive HPLC pro- 
cedure for antipyrine using a silica gel column was reported (10). This 
procedure requires 0.5 ml of plasma for drug extraction. A rapid, sensitive 
method was needed that utilizes smaller blood samples, 0.1-0.2 ml, so 
that an antipyrine pharmacokinetic profile ran be obtained in a single 
laboratory animal such as the rat. Recently, HP1,C procedures utilizing 
reversed-phase chromatography were developed for drug analysis in bi- 
ological tissues (1 1). The advantage of reversed-phase HPLC is that 
minimal sample cleanup is required prior to chromatography; therefore, 
smaller tissue samples may he used. 


This report describes a rapid HP1.C procedure which is more precise 


than the spectrophotometric method and utilizes small plasma sample 
volumes. 


EXPERIMENTAL 


Materials-Antipyrine NF and aminopyrine NF were used as stan- 
dardsl. All other reagents, analytical grade or better, were purchased from 
commercial sources. 


Animals-Adult, male, Sprague-Dawley strain rats’, 200-350 g, were 
used. 


Plasma Assay and  Animal Dosing-For standard curves, heparin- 
ized blood samples were removed from the abdominal aorta of non- 
medicated ether-anesthetized rats, placed into centrifuge tubes, and 
centrifuged to obtain the plasma fraction. Plasma aliquots (0.1 ml) were 
pipetted into 1.5-ml microtest tubes? and spiked with 10 pl of concen- 
trated antipyrine solutions to yield final drug concentrations corre- 
sponding to 0, 1.5,3,4.5,6, 12, 25, and 50 pg/ml of plasma. 


To each microtest tube was added 0.05 ml of 20% (w/v) ZnS04-7H20 
in 50% (v/v) methanol-water containing aminopyrine, 100 pg/ml, as the 
internal standard. The mixture was mixed on a vortex mixer. Then 0.05 
ml of saturated barium hydroxide solution was added to the mixture. The 
final mixture was vortexed and centrifuged for 10 min. A 10-pl sample 
of the supernate was removed and subjected to HI’LC. 


Hats were given 100 mg of antipyrindkg ip (injection volume of 0.5 
1n1/200 g). Blotd samples of approximately 250-300 pl were removed from 
the tail vein at 0, 2, 3, 4, 5, and 6 hr. The samples were placed into 
heparinized microcentrifuge tubes and centrifuged to obtain the plasma 
fraction. Plasma aliquots, 0.1 ml, were processed along with the spiked 
plasma standards described. 


HPLC-Samples were chromatographed on a high-pressure liquid 
chromatograph4 equipped with a universal liquid chromatographic in- 
jector, a UV (254-nm) absorbance detector, and a strip-chart recorder5. 
The deproteinated plasma samples (10 pl) were chromatographed a t  
room temperature on a microparticulate6 reversed-phase HPLC column, 
4 mm X 30 cm, with an eluting mobile phase of methanol-water ( ~ W O  v/v). 
The mobile phase flow rate was adjusted to 1 ml/min with an inlet pres- 
sure of -1750 psig. The chart speed was 0.25 cm/min. 


A standard curve was obtained by comparing the peak height ratio of 
antipyrine to aminopyrine and the spiked plasma antipyrine concen- 
tration. Unknown plasma sample concentrations were calculated by 
comparing the peak height ratios ol’the samples to the processed stan- 
dards. 


Correlation with Spectrophotometric Assay-Ten plasma samples 
obtained from nonmedicated rats were spiked with antipyrine a t  con- 


’ Merck & CII., Rahway, N.J. 
Charles River CD. 
Eppendorf, Hrinkmann Instrument, Westbury, N.Y. 
Model AI.C/GPC 204, Waters Associates. Milfurd. Mass. 
Fisher Recordall, series 500, Fisher Scientific Co.. Pittsburgh, Pa. 
pRondapak CIS, Waters Associates, Millord. Mass. 
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Figure 1-High-pressure liquid chromatograms of blank plasma with 
50 pg of aminopyrinelml ( B )  as the internal standard ( I ) ,  rat plasma 
collected 2 hr after the intraperitoneal injection of 100 mg of antipyr- 
inelkg ( A )  containing 50 pg of aminopyrinelml ( B )  (10, and processed 
standards in control rat plasma containing 37.5 pg of antipyrinelml ( A )  
and 50 pg of aminopyrinelml ( A )  ( I l l ) .  


centrations of 0,5,10,20, and 40 pg/ml of plasma. The samples were split; 
one portion was assayed by the precipitation procedure of Brodie et al. 
(8), and the second portion was assayed by HPLC. The two assays were 
compared to obtain a correlation coefficient. 


RESULTS 


Chromatograms of plasma samples containing antipyrine demon- 
strated no interfering peaks with normal plasma constituents (Fig. 1). 
Retention times for antipyrine and aminopyrine were 5.6 and 8.7 min, 
respectively. Processed standard curves of antipyrine plasma samples 
were linear to 50 pg/ml, and the assay sensitivity was -1.0 pglml. Stan- 
dards were processed in triplicate, and the regression line slope was cal- 
culated as 27.1 with a correlation coefficient of 0.99. demonstrating ex- 
cellent linearity. The assay sensitivity was -1.0 pg of antipyrinehl of 
plasma. 


A comparison of the HPLC and spectrophotometric assays demon- 
strated excellent correlation. A correlation coefficient of 0.98 and a slope 
of 0.97 were obtained. 


T o  demonstrate the application of the HPLC method in uivo, three 
rats were given 100 mg of antipyrine/kg ip. The plasma elimination of 
antipyrine for each rat was first order (Fig. 2). The mean (& S E )  plasma 
elimination half-life for antipyrine was 1.28 f 0.14 hr, which agrees with 
the reported value of 85 min (2). 


DISCUSSION 


The main advantage of the HPLC assay of antipyrine over previous 


0 1 2 3 4 6 6 


Figure 2-Plasma antipyrine levels in individual rats. Each rat was 
giuen 100 mg of antipyrinelkg ip. Plasma samples were assayed for 
antipyrine according to the described HPLC procedure. 


HOURS 


methods is that  a complete plasma concentration uersus time curve may 
he obtained from a single rat. Previously, investigators performing 
pharmacokinetic and drug metabolism studies in uiuo with the rat as the 
animal model needed many rodents to obtain sufficient data points to 
describe accurately the plasma elimination of antipyrine (2). This mi- 
cromethod for antipyrine measurement allows the use of the rat as its own 
control since very small (0.1 ml) plasma samples are used. Although the 
assay sensitivity is only 1.0 pglml, enough data points describing an- 
tipyrine elimination kinetics may be obtained quickly and accurately. 
The assay sensitivity probably could be improved by further sample 
cleanup and injection of larger sample volumes on the chromatograph. 


The in uiuo data demonstrated that reasonable elimination half-lives 
lor antipyrine may be obtained by this HPLC method. Therefore, this 
method should be useful for studying the effects of environmental factors 
of various xenobiotics on hepatic drug metabolism activity in the rat in 
vivo using antipyrine pharmacokinetics as one parameter. 


In comparison to the popular spectrophotometric method for antipy- 
rine (a), the HPLC assay is simple, rapid, and precise. Moreover, there 
is no need for involved separation and purification techniques. Since 
results of the HPLC method agree well with those of the spectrophoto- 
metric method, as shown by a correlation coefficient of 0.98, the HPLC 
assay offers a reasonable alternative for antipyrine measurement. 


REFERENCES 


(1) E. S. Vesell, C. J. Lee, G. T. Passanati, and C. A. Shively, Phar- 


(2) E. A. Sotaniemi, ibid., 10,306 (1973). 
(3) D. H. Huffman, D. W. Shoeman, and D. L. Azarnoff, Aiochem. 


(4) 0. M. Bakke, M. Bending, J. Arabakke, and D. S .  Davies, Acta 


(5) J. L. Miller, C. R. Clark, S. J. Gee, and R. 1. Krieger, fharma- 


(6)  B. B. Brodie and J. Axelrod, J. fharmacol. Exp. Ther., 98.97 


(7) R. Soberman, B. B. Brodie, B. B. Levy, J. Axelrod, V. Hollender, 


macology, 10,217 (1973). 


fharmacol., 23,197 (1974). 


fharmacol. Toxicol., 35.91 (1974). 


cology, 16,279 (1978). 


( 1950). 


and J. M. Steele, J .  Bid.  Chem., 179.31 (1949). 


Journal of Pharmaceutical Sciences I 1053 
Vol. 68. No. 8, August 1979 







(8) B. B. Brcdie, J. Axelrod, R. Soberman. and B. B. Levy, ihid , 179, 


(9) L. F. Prescott, K. K. Adjepon-Yamoah, and E. Roberts,J. Pharm. 


(10) M. Eichelhaum and N. Spannhrucker, J. Chronmtogr., 140,288 


( 1  1 )  J .  Orcutt, P. Kozak. S. Gillman, and I,. Cummins, Clin. Chcm., 
26 (1949). (1977). 


Pharmacol., 25,  205 (1973). 23.599 (197'7). 


Metabolic Fate of 
N6-Benzyladenosine and N6-Benzyladenosine-5'-phosphate in Rats 


G. B. CHHEDA x, C. I. HONG *, 
S. K. GURWARA*, and A. MITTELMAN 
Received February 10,1978, from the Department of General Surgery and the Departmcnt of Rioph.y.&s, Roswell Park Memoria/ Institute, 
Buffalo,  N Y  14263. 
Institute, Buffalo, NY 14263. 


Accepted for publication December 8, 1978. 'Present address: Department of Neurosurgery, Koswell Park Memorial 
*Present address: Invenex Pharmaceuticals, Grand Island, NY 14072. 


Abstract  The radiolabeled antitumor nucleoside (IJC-8)-N6-hen- 
zyladenosine and its ('4C-8)-S'-phosphate were administered to rats in- 
travenously, and their metabolic fate was studied. Twenty-nine percent 
of' the radioactivity was recovered in the 48-hr urine collection after 
( 14C-8)-N6- henzyladenosine administration. The following metabolites 
were isolated: unchanged N6-henzyladenosine (20%), adenine (12%). uric 
acid (ST"), and Nfi-benzyladenine (0.3%). In the case of (I4C-8)-N6-hen- 
zyladenosine-5'-phosphate, a total of 28% of the radioactivity was re- 
covered in the 48-hr urine collection and the following metaholites were 
isolated: N6-benzyladenosine (40%). uric acid (12%). adenine (trace), and 
unidentified urea derivatives (30%). Metaholism of Nfi-henzyladenosine 
appears to involve N-dehenzylation to some extent, fo!lowed by con- 
version to adenine and uric acid. NG-Benzyladenosine and its 5'-phos- 
phate differ from other adenosine analogs in being retained in significant 
amounts by the animals. 


Keyphrases Benzyladenosine-metabolism, rats 0 Benzyladenosine 
phosphate-metabolism, rats o Antineoplastic agents-benzyladeno- 
sine, metabolism, rats 


Since N6-(A2-isopenteny1)adenosine (1) exhibited 
growth inhibitory activity in mammalian cell lines as well 
as in yiuo, several 6-substituted adenosines were synthe- 
sized and their antitumor activities were determined (2, 
3). Among them, N6-benzyladenosine (I) was of particular 
interest since i t  exhibited a significant growth inhibitory 
activity against mouse L-1210 leukemia (2). In rats, N6- 
benzyladenosine, like Nfi- (  A2-isopentenyl)adenosine, in- 
hibited the incorporation of precursors into DNA, RNA, 
and protein (4). More recently, this nucleoside underwent 
a clinical trial as an antitumor agent (5). Subsequently, 
because of the poor solubility of Nfi-benzyladenosine, a 
more water-soluble derivative, Nfi-benzyladenosine-5'- 


NHCH,C& 
I 


I Aqueous solutions of ('PC-8)-Nfi-henzyladenosine shiiuld he stored Iri~zen at 
-70° or helow. When being kept at -?O0 t o r  2 miinthx. 5'% iif the lalieled cimpiiund 
underwent deyradatiiin ti)  ( 14(:-8)-N~-loen7.yladenine. 


Specific radioaclivity, 50 mCi/mmole; Schwartz Hio-Research. Orangehurg, 
NV lO9fi2 


phosphate (11) (6), was prepared and used instead. Since 
initial metabolism studies indicated that  Nfi-benzyl- 
adenosine did not behave like other Nfi-substituted 
adenosines (7, 8), investigations were undertaken to  de- 
termine the metabolic fate of Nfi-benzyladenosine and its 
5'-phosphate in rats. 


EXPERIMENTAL 


Materials and Method~-('~C-8)-N~-Berrzyladenosine' (I)  was 
synthesized by reacting ('4C-8)-adenosine2 (100 pCi, 2 pmoles), adenosine 
(10 pmoles), benzyl bromide (20 p l ) ,  and dimethylf'ormamide a t  40' for 
24 hr, followed by heating with 14 N ammonium hydroxide ( 1  ml) and 
water (2 ml) a t  95' for 3 hr (2). The yield was 9.8 pmoles (81.7%), the total 
radioactivity was 62.3 pCi, and the specific radioactivity was 6.3 
pCi/pmole. ('4C-8)-N6-Benzyladenosine-5'-phosphate (11) was synthe- 
sized by phosphorylation of ('4C-g).Nfi-henzyladenosine, prepared from 
('4C-8)-adenosine (130 pCi, I0 pmoles), phosphorus oxychloride (50 pi), 
and triethyl phosphate (1 ml) (6). The yield was 5.1 pmoles (51%). the 
total radioactivity was 44.93 pCi, and the specific radioactivity 8.81 
p Wpmole. 


Chromatography-Paper chromatograms were developed in a de- 
scending manner on 3 MM filter paper during initial preparative stages 
and on acid-washed (No. 1) filter paper when purifications and com- 
parative identification were required'. The following solvent systems were 
utilized for paper chromatography: A, isopropanol-concentrated am- 
monium hydroxide-water (7:1:2), B, ethyl acetate-'L-ethoxyethanol-l6% 
formic acid (4:1:2), upper phase; C, n-butanol-water-concentrated am- 
monium hydroxide (86:14:5), upper phase; D, n -propanol-concentrated 
ammonium hydroxide-water (1 1:2:7); and E, ethyl acetate-n-propa- 
nol-water (4: 1:2), upper phase. Chromatograms were viewed under a 
shortwave 1JV lamp a t  254 nm. All UV-absorbing areas were eluted and 
analyzed in a UV ~pectrophotometer~. 


Radioactivity Determination-The liquid samples (100-2.50 pl) were 
counted for radioactivity in scintillation vials containing 10 ml of the 
scintillation fluid5. The solid samples (feces and organs) were homoge- 
nized, aliquots corresponding to 0.5 g were placed in a gelatin capsule and 
tlurned in a sample oxidizer6, and the radioactive carbon dioxide was 
counted. 


Labeled Compound Administration-Two Sprague-Dawley rats 
(mole, 200 g) were given aqueous (I4C-8)-N6-benzyladenosine (0.18 mg, 


I : R = H  


11: R =  P -(OH), 


. . - . - - - -. 
Whatman filter papers were used for paper chromatography. 
Beckman Acta V. 


fi Five percent Bio-Solv (RRS-3) soluhilizer (Beckman Instruments, Fullerton, 
CA 92fi34) in diluted l'ermafluiir I l l  ( P a c k 4  Instrument ('ii.. Ikbwnrrs (iriive. I I .  
60515). 


Instrument Co.). 
Packard Tri-Carb model 306. The '4CCo2 was trapped in ('arh~&ilv (l'ackard 
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Abstract  A high-pressure liquid chromatographic procedure is pre- 
sented for determining saccharin in various formulations. The method 
is fast, precise, and accurate and is specific for saccharin in the presence 
of its most likely impurities and degradation products. Reversed-phase 
chromatography on a micro-C:ls column is utilized with an internal 
standard, and detection is by IJV ahsorption a t  280 nm. 


Keyphrases 0 High-pressure liquid chromatography-analysis, sac- 
charin in various artificial sweeteners and pharmaceuticals, stahility 
indicating Saccharin-analysis, high-pressure liquid chromatographic, 
in various artificial sweeteners and pharmaceuticals, stahility indicating 


Stability-saccharin, various artificial sweeteners and pharmaceuticals, 
high-pressure liquid chromatography 


Current literature is abundant in techniques for sac- 
charin determination. Spectrophotometry (1, 2), grav- 
imetry (3 ,4) ,  polarography (5), partitioning (61, and spe- 
cific ion electrode (7,8) techniques are available but lack 
the specificity needed for a stability-indicating assay. TLC 
techniques (9, 10) have a limited and unknown specificity 
and accuracy. GLC techniques (11-15) require isolation 
of the saccharin in the dry state and derivatization as either 
the methyl or trimethylsilyl derivative, and their specificity 
usually is not stated. 


A liquid chromatographic procedure using an ion-ex- 
change column has been described (16). This method was 
applied to soft drinks and foods, but its specificity for 
saccharin is unknown. Another liquid chromatographic 
procedure (1 7) using a pBondapak Cla column and aque- 
ous acetic acid was not applied to pharmaceuticals. Its 
specificity for saccharin and, therefore, its use as a stabil- 
ity-indicating assay are questionable. 


This paper describes the development of a high-pressure 
liquid chromatographic procedure for saccharin or sac- 
charin sodium determination in artificial sweeteners. With 
modifications in sample handling, this procedure is ap- 
plicable to a wide range of pharmaceutical preparations 
containing saccharin. The specificity and speed of this 
method allow its use as both a stability-indicating and a 
quality control assay. 


EXPERIMENTAL 


Apparatus-The high-pressure liquid chromatograph was equipped 
with a 280-nm absorbance detector. A 30-cm X 3.9-mm pBondapak CIS 
column o f  10-pm average particle size was used with an eluent flow rate 
o f  1.5 ml/min. Peak areas were determined by a computerized laboratory 
data system, hut calculations may he performed using peak heights if 
desired. 


Materials and Reagents-Saccharin and saccharin sodium equiva- 
lent to llSP specifications and theophylline' of lJSP purity were used. 
All other reagents and chemicals were ACS reagent grade or equiva- 
lent. 


Mobile Phase Preparation ~ Ten milliliters of acetic acid was added 
to 600 ml of methanol and diluted to 2 liters with distilled water. The 
eluent was filtered through a 0.5-pm cellulose acetate filter and degassed 
prior to ilse. 


I Mallinckrodt 


Internal  S t anda rd  Solution--Theophylline, 0.35 f 0.05 g, was dis- 
solved in -250 ml of eluent. 


Saccharin Standard Solution--About 0.7 g of reference standard 
saccharin sodium or 0.6 g of reference standard saccharin was weighed 
accurately and diluted to 100.0 ml with 5011, methanol-water. 


Standard Solution for Injection-Ten milliliters of internal standard 
solution was combined with 10.0 ml of saccharin solution, and about 30 
ml of eluent was added. 


Procedure for Artificial Sweetener-Depending on the dosage 
level, the amount of ground sample equivalent to -50 mg of saccharin 
was weighed into a flask. Ten milliliters of internal standard and -'40 
ml of eluent were added. After dissolution and filtration, the sample was 
ready for injection. 


General Procedure for Other  Pharmaceutical  Preparations-A 
sample size equivalent to 1-10 mg of saccharin was reacted with 50 ml 
of 5% HCI. The solution was extracted with a total of 100 ml of ether in 
several portions. The ether portions were combined and taken to near 
dryness with heat and a nitrogen stream. An aliquot of internal standard 
solution was added commensurate to the saccharin level in the sample. 
This solution was injected without further dilution. 


TLC-Solution volumes of standards and samples corresponding to 
-200 pg of saccharin were spotted onto 20 X 20-cm tluorescent silica gel 
(0.25 mm) plates. After drying, the plates were developed in chloro- 
form-methanol-ammonia (70:30:0.5 v/v) to ahout a 15-cm solvent mi- 
gration. The saccharin spots were excised with the aid of UV light and 
taken up in 4 ml of 2% ammonia in methanol. After centrifugation, the 
UV absorbances were measured a t  269 nm. 


RESULTS 


Individual stock solutions of saccharin and theophylline were prepared, 
and aliquots of each were combined in different ratios for injection to 
determine the response linearity. Thus, for this experiment, hoth the 
saccharin and theophylline contents were varied simultaneously. The 
response ratios (both areas and peak heights) were plotted cersus the 
weight ratios injected over 0-4 pg of saccharin and 0-1.6 p g  of theo- 
phylline injected. The results of the least-squares linear regression 
analysis (Table I )  indicated very good linearity hy tmth peak height and 
area measurements. A typical chromatogram is shown in Fig. 1. The 
amounts injected were 2.9 pg of saccharin and 0.6 pg of theophylline. 


I aboratory-prepared synthetic samples of  the artificial sweetener were 
assayed to determine the accuracy of the method. Three groups of five 
samples each in which the placebo was held constant while the sodium 
saccharin was varied a t  80, 100, and 125% of label were assayed by the 
procedure (Tahle 11). The data indicated no hias in the method and sta- 
tistically no difference in the groups hy P and t tests. The calculation 
Is: 


 sample mg of  saccharin sodium/g of sample = 
Hstandard 


mg of saccharin sodium standard 
sample weight X (Eq. 1) 


where the It's are the saccharin to theophylline response ratios. The 
method was validated for peak height and area ratios. 


A manufactured sample was assayed 15 times, varying the sample 
weights from 80 to 120% recommended. The relative standard deviation 
of the assay was f0.3%. The solutions for injection were stable for many 
weeks as demonstrated by a lack of change in the response ratios. 


The method was challenged directly hy the presence of seven possihle 
impurities and degradation products documented in the literature (1 ,  
18-20). Figure 2 shows a chromatogram ol'a typical saccharin and theo- 
phylline sample solution after quantities 0 1  seven of' these compounds, 
ewh equal to the amount of saccharin present, were added. The identities 
of the peaks are: 1, 1,5-naphthalenedisulfonic acid; 2, ammonium-o- 
sulfohenzoate; :I, 'L-(aminosulfony1)henzoic acid; 4,  p-carboxyhen- 
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Table I-Linear Regression of Response Ratio versus Weight 
Ratio, Saccharin to Theophylline 


Peak Height 
Weight Ratio Area Ratio Ratio 


2.0 
3.2 
4.0 
5.0 
6.0 
8.0 


Slope 
Correlation coefficient 
Standard error of estimate 
Percent variation 


0.319 
0.518 
0.648 
0.804 
0.966 
1.300 
0.163 
0.999 
0.02 
2.0 


0.519 
0.843 
1.018 
1.343 
1.569 
2.065 
0.258 
0.999 
0.01 
0.7 


zenesulfonamide; 5, salicylic acid; and 6,o- and p-toluenesulfonamides. 
All of the peaks were well resolved from both saccharin and theophylline, 
and none of these compounds at reasonable levels interfered in the 
method. 


The artificial sweetener was subjected to stress conditions for an at- 
tempted forced degradation gtudy. The samples showed no measurable 
degradation at 100' for 1 month and also were unaffected by 2 weeks of 
exposure to strong fluorescent and incandescent light. However, a sample 


L 


jaccharin 


L 


Table 11-Synthetic Samples (n = 5) 


Group, % Recovery, % RSD, % 


80 
100 
125 


100.5 0.51 
100.1 0.46 
loo. 1 0.30 


.. 
Theophyll ine 


stored at  7 5 O  at  very high humidity gave a low assay and the formation 
of a new peak in the chromatogram. The assay value by the liquid chro- 
matographic procedure was 44.9% of initial. This new peak had a reten- 
tion time corresponding to 2-(aminosulfonyl)benzoic acid; the alkaline 
hydrolysis product, which was suspected to be the most likely first deg- 
radation product. This sample was assayed by TLC, and the result was 
42.8% of initial. 


Figure 1-Chromatogram of saccharin and theophylline. 
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Figure 2-Chromatogram of saccharin, theophylline, and postulated 
impurities and degradation products. (See text.)  


Journal of Pharmaceutical Sciences I 879 
Vol. 68, No. 7, July 1979 







DISCUSSION 


The artificial sweetener consists of saccharin sodium and sodium bi- 
carbonate. Acetic acid in the eluent neutralizes both. Acetic acid in the 
eluent increases the retention (capacity factor) of saccharin by sup- 
pressing ionization and also results in a much sharper peak. If saccharin 
is allowed to elute in its ionic form, very little retention occurs and little 
use is m?de of the separating capabilities of the column. 


Before an assay can be considered qualified for a stability-indicating 
program, its specificity characteristics must be proven. Specificity in this 
method is provided mainly by the liquid chromatographic column. I t  is 
clearly not proper to assume specificity simply because a chromatographic 
process is involved. For this study, the proposed method was challenged 
in three ways. 


First, a literature search was conducted to determine the documented 
impurities and degradation products of the active drug saccharin. These 
compounds were subjected to the column under the assay conditions and 
were all innocuous to the assay. These compounds must be added directly 
to the sample solution so that possible matrix effects are eliminated. 


Second, a forced degraded sample of the actual product was assayed 
for two reasons: ( a )  the actual decomposition products in the drug matrix 
may be different from those postulated in the literature and ( b )  inter- 
ferences by degradation products of the excipients are possible. When 
the assay passes these conditions, it is more likely to prevail during the 
shelflife of the product. 


Third, the forced degraded sample assay, whenever possible, should 
be compared with a completely independent assay based on different 
analytical principles. If possible, this reference method should be of 
demonstrated accuracy. When the results of the two methods agree within 
the expressed objectives, the method developer can be confident of the 
reliability of the new method. These three approaches are by no means 
completely rigorous but can be regarded as minimum criteria for a pro- 
posed stahility-indicating method. 


The general procedure given for other pharmaceutical preparations 
was applied to mouthwashes, analgesic liquids, and antidiarrhetics. Oc- 
casionally, such samples can be injected after dilution, addition of the 
internal standard, and clarification. Generally, however, ether extraction 
is required because of the low saccharin levels in the formulations. The 
ether extraction technique also is preferable because of the added se- 
lectivity of the extraction step and the extended column life resulting 
from injection of a cleaned-up sample solution. 


Because of pharmaceutical formulation diversity, components other 
than saccharin are frequently extracted and the resulting chromatograms 
are less simple than those of the artificial sweetener. However, interfer- 


ences often may be eliminated by proper pH and methanol adjustments 
in the eluent. The selectivity .of the chromatographic process provides 
enough resolution so that the saccharin assay can be carried out in the 
presence of other ingredients such as salicylic acid and alkyl parabens. 
Injections can be made every 5 min, and about 30 samples of artificial 
sweetener can be analyzed per 8-hr day. Fewer samples of the other 
pharmaceutical formulations can be analyzed because of the lengthier 
sample-handling procedure, but this procedure is necessary for almost 
any technique. 


In summary, this reversed-phase liquid chromatographic system 
provides a precise, accurate, and specific saccharin assay with high sample 
throughput. The procedure is applicable to a wide range of pharmaceu- 
ticals, especially for a stability-indicating program. 
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Abstract  A rapid and specific high-performance liquid chromato- 
graphic (HI'LC) assay for quantitative plasma mebendazole determi- 
nation is described. After a simple extraction, the compound was analyzed 
t)y HP1.C: rising a reversed-phase column and a UV detector (313 nm). 
Quantitation was accomplished using an internal standard; peak area 
ratios were determined with an integrating computer. The average me- 
t)endazole recovery over a concentration range of 0.01 -0.20 Ig/ml was 


75.9 f 3.8% SD, and the maximum assay sensitivity was -10 ng/ml. 


Keyphrases 0 High-performance liquid chromatography-analysis, 
mebendaaole in human plasma 0 Mebendazole-analysis, high-perfor- 
mance liquid chromatography, in human plasma Ant.helmintic 
agenb--mebendazole, high-performance liquid chromatographic analysis 
in human plasma 


Mebendazole' (I), methyl 5-benzoyl-2-benzimidaz- following 5-7 mg PO of 14C-mebendazole (18.5-22.7 pCi). 
Approximately 2.5% of this urinary radioactivity was un- 
conjugated mebendazole, about 20% was the decarbamated 
metabolite, and 75% was of undetermined identity. Plasma 
radioactivity levels remained low throughout the study. 
There are no published methods sensitive enough to 


olecarbamate, is a broad spectrum anthelmintic agent 
(1-3). Initial absorption studies in humans (1) suggested 
that 6-10% of the radioactivity was recovered in the urine 
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t
guidelines for good manufacturing practices as elaborated by the World 
Health Organization is reviewed in sections dealing with documentation, 
hygienic requirements, and clean room technology. 


The subject matter covered by the text is of such great international 
interest to pharmaceutical scientists that  a t  least a thousand articles or 
chapters in books appear annually. Therefore, it is of interest to check 
the bibliography of over 700 references used by the authors in the prep- 
aration of the text. Although the proportion does vary somewhat from 
chapter to chapter, the overall percentage cited from Swiss or German 
publications is about 60% of the total. This exceedingly high level may 
reflect the reading habits of the authors or their language preferences or 
limitations rather than the true proportion of scientific and technological 
activity taking place throughout the world. 


The emphasis in this German-language book lies squarely in the do- 
main of industrial pharmacy, and it can he highly recommended to 
pharmaceutical scientists active in the research, development, produc- 
tion, and control departments of the pharmaceutical industry; to teachers 
of pharmaceutics and pharmaceutical process technology and their 
gradl;ate students in the universities; and to scientific members of reg- 
ulatory agencies who wish to gain a valuable perspective of the complex 
nature of modern drug development and production. 


The publisher deserves commendation for the high technical quality 
of the hook itself. Format, typography, figures, and tables are numerous, 
clear, well-placed, and pertinent to the text. Perhaps that plus inflation 
explains the price of the hook. 


I "Galenisches Praktikum," K.  Munzel, J. Riichi, and 0 . - E .  Schultz, Eds., 
Wjssenschaftliche Verlagsgesellschaft MRH, Stuttgart, West Germany, 1959. 


"The Theory and Practice of Industrial Pharmacy", L. Lachman, H. A. Lie- 
herman, and J.  L. Kanig, Eds., Lea & Febiger, Philadelphia, Pa., 1970. 


Rcuiewed by .Jack Cooper 
School of Pharmacy 
l!niver.sity of California 
San Francisco. CA 94143 


Diuretic Agents (ACS Symposium Series 83). Edited by EDWARD 
J .  CRAGOE, Jr. American Chemical Society, Washington, D.C. 1978. 
IX + 238 pages. 15 X 23 cm. Price $21.50. 
This book evolved primarily from an American Chemical Society 


Symposium on Diuretic Agents in 1977. However, as stated in the preface, 
since the symposium was hrief and a more complete picture of research 
in this field was desired, four papers were added to the original seven. 


The opening chapter (McGigg and Wong) contains an up-to-date re- 
view of the role of prostaglandins in renal function. It is followed by a 
chapter on the structure--activity relationships OF the highly potent, 
high-ceiling aminohenzoic acid diuretics ('l'vaermose, Nielsen, and Feit). 
The third chapter (Lang et al.) is on pharmacological effects of tizolemide 
(HOE 740) as an example of a novel class of sulfonamide compounds. 


The fourth chapter (Werner et a l . )  reviews the structure-activity re- 
lationships of sulfonamide diuretics. The next two chapters (Hessin et 
al. and Maass et a l . )  are on pharmacology and structure-activity rela- 
tionships of the newer diuretic uricosuric agent, tienilic acid (Ticrynafen). 
The seventh chapter (Smith et a l . )  is on 2-aminomethylphenols, a new 
class of saluretic agent characterized by the experimental compound 
MK-447. The following chapter (Horstmann et a l . )  reviews a new class 
of longer acting high-ceiling diuretics (l-aralkyl-'.'-pyrazolin-S-ones) 
characterized by muzolimine. 


The ninth chapter (Boschman ct a l . )  is a discussion of pharmacology 
and structural requirements of the quincarhates, a unique class of tricyclic 


diuretics. The following chapter (Saltzinger et 0 1 . )  discusses the novel 
diuretic etozolin, which has mild choleretic properties. The last chapter 
(Woltersdorf et al .)  discusses evolution of' some (aryloxyf-acetic acid 
diuretics after more than a decade o f  research. 


While this book is the result of the 1977 symposium, all chapters are 
dated as being received in August 1978 and many contain 1977 and a few 
1978 references. Therefore, this hook is a complete and current review 
of  structure-activity relationships and pharmacology of various classes 
of diuretic agents. This hook includes discussions on experimental agents 
undergoing testing for possible therapeutic use and would he useful for 
anyone seeking current information about the newer diuretic agents. 


Reuiewed by Gary L. Lage 
Philadelphia College of 


Pharmacy and Science 
Philadelphia, PA 19104 


NOTICES 


Methods of Protein Separation. Vol. 2. Edited by NICHOLAS 
CATSIMPOOLAS. Plenum, 227 W. 17th St., New York, NY 10011, 
1978.326 pp. 15 X 23 cm. Price $35.00. 


Neurotransmitter Systems and their Clinical Disorders. Edited by N. 
J. LEGG. Academic, 11 1 Fifth Ave., New York, NY 10003.1978.240 
pp. 15 X 23 cm. 


New Trends and Developments in Vaccines. Edited by A. VOLLER and 
H. FRIEDMAN. University Park Press, Chamber of Commerce 
Building, Baltimore, MD 21202. 1978. 323 pp. 15 X 23 cm. Price 
$29.50. 


f'harmacy Technicians' Manual. 2nd Ed. Edited by JANE M. DURGIN, 
ZACHARY I. HANAN, and CHARLES 0. WARD. C. V. Mosby St. 
Louis, Mo. 1978. 287 pp. 15 X 23 cm. Price $13.95 


Psychopharmacology of Affective Disorders. A British Association jor 
Psychopharmacology Monograph. Edited by E. S. PAYKEL and A. 
COPPEN. Oxford University Press, 200 Madison Ave , New York, NY 
10016. 1979.261 pp. 16 X 24 cm. Price $25.00. 


Quality Control of Drugs. Certification Scheme on the Quality of 
Pharmaceuticals Products Moving in International Commerce. He- 
print of the WHO Chronicle, Vol. 31, No. 1.2. World Health Organi- 
zation, Geneva, Switzerland. 1977. 


Research Ilesign in Clinical Psychology and P.qychiatry. 2nd Ed. Revised 
and enlarged by J .  €3. CHASSAN. Wiley, One Wiley Drive, Somerset, 
NJ 08873. 1979. 492 pp. 13 X 21 cm. Price $18.50. 


Self-Administration of Abused Substances: Methods for Study. NIDA 
Research Monograph 20. By NORMAN A. KRASNEGOR. National 
Institute on Drug Ahuse, Division of Research, 5600 Fishers I,ane, 
Hockville, MD 20857. 1978. 246 pp. 15 X 23 cm. 


Taxis and Behavior. Elementary Sensory Systems in Biology. Rrceptors 
and Recognition. Series H ,  Vol. 5 .  Edited by G. I,. HALELHAIJER. 
W h y ,  605Third Ave., New York, NY 10016, 1978.341 pp. I S  X 23 cm. 
Price $45.00. 


Topics in Antibiotic Chemistry. Vol. 2. Antibiotics from Marine Or- 
ganisms, Oligosacchariden, Anthracyc.1ine.s and their Biologicnl RP-  
ceptors. By P. G .  SAMMES. Wiley, One Wiley Drive, Somerset, NJ 
08873. 1979.283 pp. 15 X 23 cm. 


Webster's Medical Office Handbook. By ANNE H. SOUKHANOV and 
JOHN RHODES HAVEKTY. G.& C. Merriam Co., 47 Federal St., 
Springfield, MA 01101.1979.S96 pp. 17 X 25 cm. Price $10.95. 


1206 i Journal of Pharmaceutical Sciences 
Vol. 68, No. 9, September 1979 












(12) J. G. Wagner, C. H. Carter, and I. J. Martens, J.  Clin. fharmacol., 


(13) M. M. Nowak, B. Grundhofer, and M. Gibaldi, Pediatrics, 5,23 


(14) J. Hradil, Z. Fendrich, K. E. 0. Senius, and J. Kvetina, 


(15) D. Perrier and M. Gibaldi, J .  fharm.  Sci., 62.225 (1973). 
(16) J. G. Wagner and E. Nelson, ibid., 53,1392 (1964). 


(17) J. A. Nelder and R. Mead, Comput. J., 7,308 (1964). 
8,154 (1968). 


(1974). 


Arzneim-Forsch., 25,2127 (1978). 


ACKNOWLEDGMENTS 


The author is indebted to Professor Miiller and Dipl. Phys. Kaul for 
support and stimulating discussions, to Dipl. Math. Dr. Witsch for re- 
viewing the manuscript, and to the Federal Ministry of Research and 
Technology for funding under Grant BAM 08. 


NMR Spectroscopic Determination of Preferred 
Conformations of Quinidine and Hydroquinidine 


YEHUDA YANUKA, SHIMONA YOSSELSON SUPERSTINE, and 
EDWARD SUPERSTINE 
Received January 23,1978, from the Department of Pharrnaceutics, School of Pharmacy, Faculty of Medicine, Hadassah-Hebrew University 
Medical Center, Jerusalem, Israel. Accepted for publication May 9,1979. 


Abstract 0 NMR spectra of quinidine (I), hydroquinidine (II), and their 
respective acetyl derivatives (111 and IV) were compared. The chemical 
shifts of some protons in I differed from those of their counterparts in 
11. These values were concentration dependent in I and 11; they were 
similar in I11 and IV but not concentration dependent. The implications 
of these findings and the correlation of the NMR data with the preferred 
conformations are discussed. 


Keyphrases 0 Quinidine-conformation, NMR spectroscopic analysis, 
concentration dependence 0 Hydroquinidine-conformation, NMR 
spectroscopic analysis, concentration dependence NMR spectros- 
copy-quinidine and hydroquinidine, conformations, concentration 
dependence 


Of all of the cinchona alkaloids, quinidine (I) remains 
the most important because of its extensive use as an 
antiarrhythmic agent. Hydroquinidine (11) is an impurity 
found in commercial I and also has antiarrhythmic activity. 
The absolute configuration of all asymmetric carbon atoms 
in these molecules has been assigned by different methods 
including NMR spectroscopy (1-4). The evidence of these 
studies is considered conclusive. 


No comprehensive studies have been carried out con- 
cerning the conformation of the different fragments of I 
and 11. Knowledge concerning the preferred stable con- 
formation of these compounds facilitates structural elu- 
cidation of the metabolic products. The objectives of this 
work.were to analyze the NMR spectra of I and I1 and their 
9-acetyl derivatives 111 and IV, stressing the importance 
of acetylation, and to discover new information related to 
their structure and conformation. 


EXPERIMENTAL 


Spectra were obtained at 100 MHz using an analytical NMR spec- 
trometer' equipped with an automatic recorder. Tetramethylsilane in 
deuterochloroform was used as the internal standard; the chemical shift 
of'its protons does not appear in the spectra. Pure I and I1 were obtained 
from commercial quinidine sulfate2. TLC and preparative TLC were 
carried out on aluminum oxide3 plates. The developing solvent was ethyl 
acetate. 


Purification of Commercial Quinidine-Commercial quinidine 


1 Varian A-100 D. 
Quinidine sulfate USP, Sigma Chemical Co., St. Louis, Mo. 
Aluminum oxide GF 254, Stahl, Merck. 


I1 
sulfate (500 mg) was dissolved in water (20 ml). A slight excess of sodium 
bicarbonate was added, and the free base was extracted in a separator 
by three 30-ml portions of chloroform. The chloroform solution was fil- 
tered through anhydrous sodium sulfate and evaporated. 


Portions of the free base (30 mg) were chromatographed on aluminum 
oxide plates. The fluorescing material was viewed under UV light and 
divided into three fractions. The upper strip was scraped and dispersed 
in 20 ml of 0.1 N H2S04. Sodium bicarbonate (240 mg) was added, and 
pure quinidine was extracted with chloroform. The mixture was trans- 
ferred to a separator, and the chloroform solution was filtered through 
anhydrous sodium sulfate and evaporated. A readily crystallized pure 
quinidine was obtained after solvent removal, mp 170-171°, Rf 0.135 
(chloroform-ethyl acetate, 21) .  The NMR spectrum is shown in Fig. 
I. 


The lower strip, containing I1 contaminated by small quantities of I, 
was scraped and extracted as described. Pure I1 was obtained by a repe- 
tition of the chromatographic procedure. Recrystallization from methanol 
yielded crystals, mp 169' [lit. (5) mp 169 and 174'1; Rf 0.1 (chloroform- 
ethyl acetate, 2:l). The NMR spectral data are given in Table I. 


Acetylation-Pure quinidine (40 mg) was dissolved in pyridine (1 ml), 
and acetic anhydride (1 ml) was added. The reaction mixture was allowed 
to stand at room temperature for 24 hr. Solvents were removed with an 
air stream. and the solid residue was dissolved in 30 ml of chloroform. The 
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Table I-Chemical Shift Valuesa (in Par ts  per Million) of the Protons of Quinidine (I) and Hydroquinidine (11) at Various 
Concentrations (Milligrams oer 0.5 ml) 


I I1 
Proton 15 mg 30 mg 60 mg 100 mg 13 mg 30 mg 60 mg 100 mg 


H-2‘ 


H-8’ 


H-3‘ 


H-C-9-OH 
H-10 


H-11 


8.59 (d) 
( J  = 4 Hz) 
7.94 (d) 
(J  = 9 Hz) 
7.49 (d) 
(J = 4 Hz) 
6.00 (m) 
5.57 (d) 
(J  = 4 Hz) 
5.09 


H-11 4.95 (d) 


CH30- 3.84 
( J  = 3 Hz) 


8.52 (d) 
(J = 4 Hz) 
7.90 (d) 
(J  = 9 Hz) 
7.47 (d) 
(J  = 4 Hz) 
6.03 (m). 
5.57 (d) 
(J  = 4 Hz) 
5.09 


4.96 


8.45 (d) 
(J = 4 Hz) 
7.86 (d) 
(J  = 9 Hz) 
7.46 (d) 
(J  = 4 Hz) 
6.03 (m) 
5.57 (a) 


5.09 (d) 
( J  = 3 Hz) 
4.94 


3.81 3.79 


d = doublet; m = multiplet; and a = ill-defined doublet. 


chloroform solution was transferred to a separator, washed with 20 ml 
of water, and filtered without delay through anhydrous sodium sulfate 
since it was prone to hydrolysis; R/ 0.315 (chloroform-ethyl acetate, 21). 
The NMR spectrum is given in Fig. 1. 


Acetylation of I1 was carried out under the same conditions described 
for acetylation of I; Rf 0.315 (chloroform-ethyl acetate, 21).  


RESULTS AND DISCUSSION 


The protons of I-IV may be classified on the basis of their chemical 
shifts by comparison with literature data (6,7). 


NMR Spectral Analysis of I and 111-The spectra of I and 111 (Fig. 
1) were determined at  a concentration of 30 mg/0.5 ml. 


Aromatic Protons-In I, H-2’ appeared as a doublet a t  6 8.52 ( J  = 4 
Hz) and was split by H-3’; therefore, the doublet with the same splitting 
constant at d 7.47 was assigned to H-3’. After acetylation, H-2’ appeared 
at  6 8.70. The H-3’ shifted to a higher field a t  d 7.27, indicating the H-2’ 
and H-3’ were in the vicinity of the acetoxy group. The H-3’ was within 
the shielding zone and H-2’ was within the deshielding zone of the car- 
bony1 cone (Fig. 2). 


The H-8’ proton resonated at  d 7.90 (J  = 9 Hz) in I and at d 7.99 in 111 
and was split by H-7’. The splitting of H-8’ by H-5’ was negligible. 


Vinylic Protons-these protons in I appeared as two separate groups: 
the methine proton at C-10 and the two methylene protons at  C-11: 


8.38 (d) 8.63 (d) 
(J = 4 Hz) 
7.83 (d) 7.95 (d) 
(J  = 10 Hz) 
7.46 (d) 7.52 (d) 
(J = 4 Hz) 
6.06 (m) - 
5.58 (a) 5.62 (d) 


5.08 (d) - 
(J = 3 Hz) 
4.93 - 


3.79 3.81 3.80 


(J  = 4 Hz) 
(J  = 10 Hz) 


(J  = 4 Hz) 


(J  = 4 Hz) 


~ ~~ 


8.59 (d) 
(J = 4 Hz) 
7.93 (d) 
(J = 10 Hz) 
7.51 (d) 
(J  = 4 Hz) 


5.59 (a) 
- 


8.47 (d) 
(J  = 4 Hz) 
7.88 (d) 
(J  = 9 Hz) 
7.47 (d) 
(J = 4 Hz) 


5.55 (m) 
- 


- 
- 


3.80 


8.44 (d) 
(J  = 4 Hz) 
7.87 (d) 
(J = 9 Hz) 
7.46 (d) 
(J  = 4 Hz) 


5.54 (m) 
- 


- 


- 


3.79 


These findings and those of others (6) with regard to the chemical shifts 
and J values are not in accord with the theoretical data (8). Thus, the Ha 
proton resonated at  6 6.03 as a multiplet instead of at 6 5.30, a field 0.73 
ppm lower than the theoretical value. The Hb and H, protons absorbed 
at  d 5.09 and 4.96 (0.44 and 0.33 ppm downfield). Furthermore, the 
splitting constants between H. and H, (trans coupling) and between Ha 
and Hb (cis coupling) were barely discernible. The theoretical values for 
the trans coupling are 11-20 Hz, and those for the cis coupling are 6-14 
Hz. No doubt these differences in the chemical shifts may be associated 
with the spatial orientation of the vinylic group under the influence of 
the aromatic ring in the quinoline moiety. 


Replacement of the hydrogen in the OH group at C-9 by COCH3 af- 
fected the chemical shifts of the methylene vinylic protons. The cis proton 
Hb resonated at  6 5.16, and the trans proton H, appeared as a double 
doublet a t  6 5.02 [J(H, - Ha) = 6 Hz, and J (I& T Hc.d = 2 Hz]. 


A proton alpha to the OH group a t  C-9, appearing as a doublet, reso- 
nated at  6 5.57 (J  = 4 Hz) in the vicinity of the vinylic methine proton. 
After acetylation, the chemical shift and the coupling constant were al- 
tered, and the proton at  C-9 absorbed a t  6 6.55 (J  = 7 Hz). The vicinal 
coupling between the protons of C-8 and C-9 corresponded to a three 
single-bond system, H-C-C-H, in which the J value depended on both 
the dihedral angle and the electronegativity of the substituents (9). In 
I, this system was disubstituted by both a hydroxyl and nitrogen. 
Therefore, it is not surprising that both the chemical shift and the J value 
were altered after acetylation. The bulk of the OCOCH3 and its electro- 
negativity differed from that of the OH group. The actual dihedral angle 


is determined from the steric interactions experienced by the quinoline 
molecule in this vicinity and from the mutual interactions of the r-sys- 
tems. 


Assignment of Preferred Stable Conformation of Quinidine 
Molecule: Rotamer PopuIations-NMR data of I and 11 showed that 
the preferred stable conformation of I around the C-4’-C-9 and the C- 
8-C-9 bonds occurred when the quinoline ring was arranged spatially so 
that its nitrogen atom was on the same side as the vinylic group and op- 
posite the nitrogen atom in the quinuclidine ring. The proton at  (2-3’ was 
in the neighborhood of the 0-R group at C-9 (R = H, COCH3). In 111, this 
proton was within the shielding zone of the anisotropic acetoxy group and 
the proton at  C-2’ was within the deshielding zone of this group. 


The vinylic group plane was almest perpendicular to the quinoline ring 
and extended upwards to the deshielding zone of the aromatic ring. Since 
the methine proton Ha was more exposed to the aromatic magnetic field, 
it was deshielded to a greater extent than the vinylic protons at  Hb and 
H‘ . 


This preferred stable conformation establishes the dihedral angle 
between the C-8 and C-9 protons and places the OH group at C-9 between 
the vinylic proton at (2-10 and the C-2 proton alpha to the nitrogen in the 
quinuclidine ring. In addition, the hydrogen at C-3’ is positioned between 
the two vinylic protons at  C-10 and C-11, minimizing nonbonded inter- 
actions. These observations appear to indicate the predominance of one 
rotamer. 


NMR Spectra of I and I11 in Mixtures-Two mixtures were pre- 
pared, one rich in I and the other rich in 111. The most striking change 
in the NMR analysis of these mixtures was the appearance of two separate 


h 


r’ 
I 


Y 


Figure I-NMR spectra of I (top) a n d l l l  (bottom). 
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Figure %-Carbony1 cone. 


peaks for the methoxy protons (Figs. 3 and 4). Integration makes it pos- 
sible to estimate with great accuracy the relative amounts of each com- 
ponent. Another pronounced deviation was found in the chemical shifts 
of the aromatic and vinylic protons of both I and 111, which were different 
from those found in the NMR spectra of the pure substances, apparently 
as a result of slight intermolecular interactions. 


Comparison of NMR Spectra of I and  I1 and Concentration De- 
pendence of Their Chemical Shifts-A comparison of the NMR 
spectra of I and I1 shows that the chemical shift values of certain protons 
were concentration dependent. When these NMR spectra were recorded 
a t  various concentrations (Table I) ,  the data indicated that the chemical 
shifts of some protons of I and I1 differed a t  the same concentration and 
that they were concentration dependent in both alkaloids. Therefore, 
the comparison of the NMR spectra of I and I1 was made with dilute so- 
lutions to minimize the concentration effect on the chemical shift values 
and to produce a clear contrast. 


The aromatic protons H-2’, H-3‘, and H-8’ in I1 appeared at lower fields 
in comparison to the corresponding protons in I, demonstrating the 
shielding effect of the vinylic group which was absent in 11. This finding 
is in keeping with the preferred stable conformation assigned to I. The 
proton alpha to the OH group at  C-9 in I1 appeared at a lower field when 
compared to its counterpart in I, suggesting that the shielding effect of 
the vinylic group also extends to this proton in I. 


At higher concentrations, the influence of intermolecular forces due 
to molecular association becomes more pronounced and may blur the 
mentioned mutual intermolecular effects of the various groups. This 
association is apparently initiated through hydrogen bonding between 
the C-9 OH groups in the same molecules of both alkaloids. Blocking 
these OH groups by acetylation prevents molecular association, as re- 
flected by the appearance of identical chemical shifts in all concentrations 
of 111 and IV. 


Additional proof that molecular association is brought about by hy- 
drogen bonding between C-9 OH groups is shown by the change in the 
peaks of the proton alpha to the OH group a t  C-9. In dilute solution, this 
peak in both I and I1 appeared as a clear doublet, but it became ill defined 
at  higher concentrations. This result implies a change in the dihedral 
angle between the protons of C-8 and C-9 during association. In contrast, 
the proton alpha to the acetoxy group in both I11 and IV appeared as a 
clear doublet in all concentrations, suggesting that no association takes 
place in these molecules where the OH groups are blocked by the bulky 
acetyl groups. The rotations about the C-8-C-9 bonds are now more 
difficult; thus, the chemical shifts of I11 and IV are similar. 


The diamagnetic shift of H-2’, H-3’, and H-8’ observed in I was related 
to the vinylic group. The enhancement of this effect as the concentration 
was increased suggests that, as the association initiated by the hydrogen 
bonding proceeds, the molecules approach each other so that the aromatic 
rings and the quinuclidine rings of the same molecules tend to overlap. 
In other words, the association may be seen as being head to head and 
tail to tail. Additional evidence supporting this mode of association can 
be found in the change of the multiplicity and the chemical shift values 


”,‘..’,“ .. ,” 


‘c 


2 


J J  
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Figure 3-NMR spectrum of mixture rich in I. 


Figure 4-NMR spectrum of mixture rich in Ill. 


of the vinylic protons (Table I). These pronounced alterations may be 
explained on the basis of the overlapping of the two systems of the vinylic 
groups as well. It is not surprising, therefore, that published NMR spectra 
show the methylene proton of the vinylic group at a lower field both as 
a singlet (6) and a doublet (10). This alteration in the methylene proton 
signal shapes encountered in I was absent in 111, which provides further 
evidence that in I the association extends up to the vinylic group. No sign 
of association was observed in 111 and IV. 


In 11, the aromatic protons resonated at lower fields when compared 
to their counterparts in I, and this finding was related to the absence of 
the shielding effect of the vinylic group. However, a diamagnetic effect 
on some protons in I1 was observed when the concentration was increased. 
This effect indicates that one x-system is sufficient to affect the chemical 
shift values of the pertinent protons. Thus, the intermolecular association 
in I1 probably takes place in a similar fashion to that  of the molecules of 
I, that  is, head to head and tail t o  tail. 


Commercial I containing I1 exhibits a similar NMR spectrum to that 
of pure 1. On the basis of the data presented in Table I, I1 present in 
commercial I as a contaminant in small quantities should have appeared 
as a separate entity in the NMR spectrum of the mixture. The fact that  
this was not the case gives further evidence that the two molecules have 
similar steric structures and that pronounced association takes place 
between I and 11, compared to the lesser association occurring between 
I and 111. This phenomenon emphasizes the importance of hydrogen 
bonding in the association process. 


The similarity in the NMR spectra of 111 and IV suggests that  the 
conformations of both molecules are similar. The variations in the 
chemical shifts for I and I1 when passing from dilute to more concentrated 
solutions were more striking than the variations found in the two mole- 
cules a t  the same concentration. This finding suggests that  the preferred 
stable conformations in I and I1 are similar. The small changes that were 
observed may be attributed to minor rotations about the C-8-C-9 bond 
causing movement of the quinoline ring toward the quinuclidine nitrogen 
and away from the ethyl group a t  C-3. This minimizes the steric inter- 
action between the quinoline moiety and the ethyl group protons. 


Acetylation Advantages-Since the chemical shift of the OH proton 
is highly dependent on the solvent, temperature, and concentration, its 
absorption may occur almost anywhere in the NMR spectrum. Therefore, 
it is not surprising that different investigators have reported varying data 
concerning the chemical shift of this OH proton (5). Thus, the diagnostic 
value of this proton is very limited. Acetylation of the OH groups at C-9 
proved to be of great advantage for the following reasons: 


1. The protons of the’OCOCH3 group have definite chemical shift 
values (6 2.12 in 111). 


2. The proton alpha to the OCOCH3 group at C-9 departs from the 
vinylic proton zone and appears separately downfield; i t  is more dis- 
cernible and any changes in the vicinity of this proton can be more easily 
analyzed by NMR spectroscopy. 


3. The NMR spectral data of I11 and IV are not concentration de- 
pendent, so these derivatives are more reliable in determining molecular 
structures and in quantitative analysis. 
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Abstract 0 Indole alkaloids of the iboga series were structurally modified 
by incorporation of a 3,4-dimethoxybenzyl or -benzoyl unit so that they 
contained the N-0-0 triangle required for antileukemic activity ac- 
cording to the triangulation hypothesis. The cytotoxicities of the modified 
alkaloids in the in uitro P-388 system were not significantly increased 
over the unmodified alkaloids, suggesting that the triangulation hy- 
pothesis does not apply in this series a t  least. 


Keyphrases 0 Indole alkaloids-semisynthetic, cytotoxicity, struc- 
ture-activity relationships Antineoplastic agents, potential-modified 
indole alkaloids, cytotoxicity, structure-activity relationships 0 Struc- 
ture-activity relationships-modified indole alkaloids, antineoplastic 
activity II Voacangine-derivatives, cytotoxicity, structure-activity 
relationships Catharanthine-derivatives, cytotoxicity, structure- 
activity relationships 


In an earlier paper (l), the cytotoxicity of various bis- 
indole alkaloids of the voacamine type was’shown to be 
strikingly dependent on the detailed structure of the al- 
kaloid and, in particular, on the position of the vobasane 
unit attachment to the iboga unit of the bisalkaloid. The 
antileukemic activity of various compounds, including the 
bisindole alkaloids vincristine and vinblastine, can be 
correlated with the structural feature of an N-0--0 triangle 
of defined dimensions in these molecules (2). It was pos- 
sible that indole alkaloids of modest antileukemic activity 
could be modified to contain the N-0-0 triangle and 
might then show an increased antileukemic activity. This 
paper presents the results of some studies directed toward 
this question. 


RESULTS AND DISCUSSION 


The iboga alkaloids voacangine (I) and catharanthine were selected 
as the parent alkaloids for structural modification. Voacangine, which 
was available from previous isolation studies on Tabernaemontnna ar- 
borea (3), shows a weak cytotoxicity in the P-388 cell culture system. This 
system, using a leukemia-derived cell line, was selected for the initial 
bioassay, with in oioo testing available a t  a later stage for promising 
candidates. 


Reaction of I with 3,4-dimethoxybenzyl alcohol yielded the di- 
methoxybenzyl deriva>ives I1 and 111, together with unreacted I and more 
highly substituted products. Assignment of Structures I1 and I11 to the 
two major substitution products was done primarily on the basis of PMR 
and mass spectra. Compound 11 showed singlets in its PMR spectrum 
at ii 6.89 and 6.84 ppm, assignable to H-14 and H-11, respectively. In 111, 
the relevant signals appeared as doublets a t  6 7.14 and 6.90 ppm, corre- 
sponding to H-14 and H-13, respectively. The mass spectra of both 


1 


COOCH,, 
111 


compounds showed molecular ion peaks at mle 518 and typical peaks for 
ihoga alkaloids a t  m/e 136 and 124 (4). 


Reduction of I with lithium aluminum hydride yielded the known 
compound voacanginol (5). Esterification of voacanginol with 3,4-di- 
methoxybenzoyl chloride yielded the ester IV, which had NMR and mass 
spectra consistent with its assigned structure. Coupling of IV with vo- 
basinol yielded the bisalkaloid V; its PMR spectrum was essentially a 
superimposition of the vobasane spectrum on that of IV. Coupling of the 
vobasine molecule to the 13’-position of IV (rather than the 11’-position) 
was indicated by the singlet resonances assignable to the 11’- and 14’- 
protons and by the broadening of the resonance of the I methoxyl group 
at  6 3.93 ppm due to hydrogen bonding (6). 


Conversion of catharanthine to its epoxy lactam (VIII) was effected 
by published procedures (7,8). Coupling of the intermediate iodolactone 
(VII) with 3,4-dimethoxybenzyl alcohol yielded the 3,4-dimethoxybenzyl 
derivative (IX). The assignment of Structure IX to the coupled product 
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Abstract  The radiolabeled antitumor nucleoside (IJC-8)-N6-hen- 
zyladenosine and its ('4C-8)-S'-phosphate were administered to rats in- 
travenously, and their metabolic fate was studied. Twenty-nine percent 
of' the radioactivity was recovered in the 48-hr urine collection after 
( 14C-8)-N6- henzyladenosine administration. The following metabolites 
were isolated: unchanged N6-henzyladenosine (20%), adenine (12%). uric 
acid (ST"), and Nfi-benzyladenine (0.3%). In the case of (I4C-8)-N6-hen- 
zyladenosine-5'-phosphate, a total of 28% of the radioactivity was re- 
covered in the 48-hr urine collection and the following metaholites were 
isolated: N6-benzyladenosine (40%). uric acid (12%). adenine (trace), and 
unidentified urea derivatives (30%). Metaholism of Nfi-henzyladenosine 
appears to involve N-dehenzylation to some extent, fo!lowed by con- 
version to adenine and uric acid. NG-Benzyladenosine and its 5'-phos- 
phate differ from other adenosine analogs in being retained in significant 
amounts by the animals. 


Keyphrases Benzyladenosine-metabolism, rats 0 Benzyladenosine 
phosphate-metabolism, rats o Antineoplastic agents-benzyladeno- 
sine, metabolism, rats 


Since N6-(A2-isopenteny1)adenosine (1) exhibited 
growth inhibitory activity in mammalian cell lines as well 
as in yiuo, several 6-substituted adenosines were synthe- 
sized and their antitumor activities were determined (2, 
3). Among them, N6-benzyladenosine (I) was of particular 
interest since i t  exhibited a significant growth inhibitory 
activity against mouse L-1210 leukemia (2). In rats, N6- 
benzyladenosine, like Nfi- (  A2-isopentenyl)adenosine, in- 
hibited the incorporation of precursors into DNA, RNA, 
and protein (4). More recently, this nucleoside underwent 
a clinical trial as an antitumor agent (5). Subsequently, 
because of the poor solubility of Nfi-benzyladenosine, a 
more water-soluble derivative, Nfi-benzyladenosine-5'- 


NHCH,C& 
I 


I Aqueous solutions of ('PC-8)-Nfi-henzyladenosine shiiuld he stored Iri~zen at 
-70° or helow. When being kept at -?O0 t o r  2 miinthx. 5'% iif the lalieled cimpiiund 
underwent deyradatiiin ti)  ( 14(:-8)-N~-loen7.yladenine. 


Specific radioaclivity, 50 mCi/mmole; Schwartz Hio-Research. Orangehurg, 
NV lO9fi2 


phosphate (11) (6), was prepared and used instead. Since 
initial metabolism studies indicated that  Nfi-benzyl- 
adenosine did not behave like other Nfi-substituted 
adenosines (7, 8), investigations were undertaken to  de- 
termine the metabolic fate of Nfi-benzyladenosine and its 
5'-phosphate in rats. 


EXPERIMENTAL 


Materials and Method~-('~C-8)-N~-Berrzyladenosine' (I)  was 
synthesized by reacting ('4C-8)-adenosine2 (100 pCi, 2 pmoles), adenosine 
(10 pmoles), benzyl bromide (20 p l ) ,  and dimethylf'ormamide a t  40' for 
24 hr, followed by heating with 14 N ammonium hydroxide ( 1  ml) and 
water (2 ml) a t  95' for 3 hr (2). The yield was 9.8 pmoles (81.7%), the total 
radioactivity was 62.3 pCi, and the specific radioactivity was 6.3 
pCi/pmole. ('4C-8)-N6-Benzyladenosine-5'-phosphate (11) was synthe- 
sized by phosphorylation of ('4C-g).Nfi-henzyladenosine, prepared from 
('4C-8)-adenosine (130 pCi, I0 pmoles), phosphorus oxychloride (50 pi), 
and triethyl phosphate (1 ml) (6). The yield was 5.1 pmoles (51%). the 
total radioactivity was 44.93 pCi, and the specific radioactivity 8.81 
p Wpmole. 


Chromatography-Paper chromatograms were developed in a de- 
scending manner on 3 MM filter paper during initial preparative stages 
and on acid-washed (No. 1) filter paper when purifications and com- 
parative identification were required'. The following solvent systems were 
utilized for paper chromatography: A, isopropanol-concentrated am- 
monium hydroxide-water (7:1:2), B, ethyl acetate-'L-ethoxyethanol-l6% 
formic acid (4:1:2), upper phase; C, n-butanol-water-concentrated am- 
monium hydroxide (86:14:5), upper phase; D, n -propanol-concentrated 
ammonium hydroxide-water (1 1:2:7); and E, ethyl acetate-n-propa- 
nol-water (4: 1:2), upper phase. Chromatograms were viewed under a 
shortwave 1JV lamp a t  254 nm. All UV-absorbing areas were eluted and 
analyzed in a UV ~pectrophotometer~. 


Radioactivity Determination-The liquid samples (100-2.50 pl) were 
counted for radioactivity in scintillation vials containing 10 ml of the 
scintillation fluid5. The solid samples (feces and organs) were homoge- 
nized, aliquots corresponding to 0.5 g were placed in a gelatin capsule and 
tlurned in a sample oxidizer6, and the radioactive carbon dioxide was 
counted. 


Labeled Compound Administration-Two Sprague-Dawley rats 
(mole, 200 g) were given aqueous (I4C-8)-N6-benzyladenosine (0.18 mg, 


I : R = H  


11: R =  P -(OH), 


. . - . - - - -. 
Whatman filter papers were used for paper chromatography. 
Beckman Acta V. 


fi Five percent Bio-Solv (RRS-3) soluhilizer (Beckman Instruments, Fullerton, 
CA 92fi34) in diluted l'ermafluiir I l l  ( P a c k 4  Instrument ('ii.. Ikbwnrrs (iriive. I I .  
60515). 


Instrument Co.). 
Packard Tri-Carb model 306. The '4CCo2 was trapped in ('arh~&ilv (l'ackard 
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Table I-Radiactivity Excretion in Rat 48-hr Urine and  Feces 
Collection af ter  Intravenous (14CC-8)-NG-Benzyladenosine (I) and  
(14C-8)-NG-Benzyladenosine-5'-phosphate (11) a 


Amount 
Labeled Administered, Radioactivit] Recovezy, 


Compound mg (dpm X lofi) Excreted, dpm X 10" % 


1 0.18 (7.167) Urine: 2.08 29.0 
Feces: 0.51 7.1 
Total: 2.59 36.1 


I1 0.17 (7.583) Urine: 2.128 28.1 
Feces: 0.857 11.3 
Total: 2.985 39.4 


0 A separate experiment was conducted lor determining the excretion of radio- 
activity beyond 48 hr. About 2% of additional radioactivity was excreted in 6 more 
days. 


7.167 X lofi dpm) or (14C-8)-Nfi-benzyladenosine-5'-phosphate (0.17 mg, 
7.585 X lofi dpm) through the tail vein. 


Each pair of rats was then placed in a metabolic cage, and urine and 
ltces were cnllected up to 48 hr postadministration. Precautions were 
taken to avoid contaminatinn of feces by urine. All materials obtained 
were subjected to radioactivity measurement to determine excretion 
levels. 


Isolation. Purification, and Identification of Urinary Metabo- 
lites-Prior to paper chromatography, the rat urine sample was filtered 
under 35 psi nitrogen pressure through a membrane filter with a molec- 
ular weight retention of 2 1000 with respect to spherical product7. After 
filtration, two generous water washings were employed, and the combined 
liltrates were evaporated to dryness. The residue was dissolved in minimal 
water and streaked on four 3 MM filter papers' (23 X 57 cm) along with 
the following markers: Nfi-benzyladenine, Nfi-benzyladenosine, N f i -  
I)enzyladenosine-5'-phosphate, adenine, adenosine, hypoxanthine, in- 
mine, and uric acid. 


The paper chromatographic purification was performed first with 
Solvent A, and major materials were subjected to further purification for 
the isolation and identification of the radioactive metabolites. Metabo- 
lites were identified by comparison of their paper chromatographic mo- 
bilities and UV spectra with those of  the authentic samples. 


RESULTS AND DISCUSSION 


The metabolism studies showed that Nfi-benzyladenosine behaved 
differently from some other N6-substituted adenosines such as N 6 -  
( A2-isopenteny1)adenosine (7) as well as N-(purine-6-ytcarbamoyl)-L- 
threonine ribonucleoside (8). Fifty percent of N6-(A2-isopentenyl)- 
adenosine was metabolized to non-IJV-absorbing compounds, and most 
of the administered radioactivity was excreted in the first 5 hr. N-(Pu- 
rine-6-ylcarbamoyl)-I,-threonine ribonucleoside also was excreted rela- 
tively rapidly from the body; however, it usually did not undergo purine 
ring or side-chain catabolism. 


In the case of Nfi-benzyladenosine, 36% of the administered radioac- 


Table 11-Radioactivity Distribution in R a t  Organs 48 h r  a f t e r  
Intravenous (14C-8)-NG-Ben~yladenosine 
~~~ ~ 


Disintegrations Percent of 
Orean oer Minute X lo7 Administered 


Table  Il l-Urinary Metabolites Isolated from Urine 48 h r  a f t e r  
Intravenous ('4C-8)-NG-Benzyladenosine (I) and  (14C-8)-w- 
Benzyladenosine-5'-phosphate (11) 


Percent of Total I Percent of Total I1 
Metabolite Radioactivity Radioactivity 


N fi--Benzyladenosine-5'- 
rhosphate 


N -Benzyladenosine 
Henzyladenine 
Adenine 
Uric acid 
Ilnidentified compounds 


Other unidentified 


1,osses 


(urea test positive) 


compounds 


Not detected Not detected 


20 


12 
0.3 


5 
43 


40 
- 


0.1 
12 
30 


S 6 


15 12 


tivity of 1 was excreted over 48 hr; 29% was in the urine and 7% was in the 
f'eces (Table I). Significant radioactivity was retained in the aninial be- 
vond 48 hr. The additional activity excreted was <2.5% during the 6 days 
after the initial 2 days. 


The rats were sacrificed 48 hr after administration, and various organs 
and tissues were removed and checked for radioactivity (Table 11). Among 
the organs, the liver cont.ained the highest radioactivity (10%). The kidney 
and pancreas showed less than 1% of the administered radioactivity, and 
muscle accounted for 32% of the activity. Red cells also retained some 
radioactivity after 48 hr. The activity in the urine, feces, and organs added 
up to 8 1 8  of the administered radioactivity. 


Chromatographic and UV spectral analysis of the radioactivity found 
i n  urine revealed that 20% of the excreted radioactivity was in the un- 
changed parent nucleoside while -0.3% was in benzyladenine, the free 
base (Table 111). Adenine constituted 12%. and uric acid contained 5% 
of the activity. Since N6-benzyladenosine is not a substrate for the en- 
zyme adenosine deaminase (3), formation of adenine and uric acid (Table 
111) probably takes place after N-debenzylation of the nucleoside. No 
metabolites with the hydroxylated phenyl nucleus were observed. 


Significant radioactivity was found in the unidentified compounds, 
I'or which the urea color test was positive8. Since Nfi-benzyladenosine is 
a substrate for adenosine kinase and also gets phosphorylated in cultured 
cells (9). some of it may possibly be converted to the 5'-mono-, di-, and 
triphosphates in uiuo in rats. In the studies reported here, however, the 
tissues were not analyzed for these phosphorylated derivatives. Urine 
sample analysis did not reveal any 5'-phosphates. 


In the case of N6-benzyladenosine-5'-phosphate, a total of 39% of the 
administered activity of I1 was excreted over 48 hr, 20% in the urine and 
1 1% in the feces (Table I). In terms of radioactivity disposition and me- 
taholism studies of the ?-phosphate, the overall picture was not much 
different from that of the parent nucleoside. Nfi-Benzyladenosine-5'- 
phosphate was converted to Nfi-benzyladenosine in uiuo and was excreted 
as the major metabolite (40%); no 5'-phosphate could be detected in the 
urine. Twelve percent of the radioactivity was excreted as uric acid, and 
-35% was excreted as unidentified compounds. 


Preliminary studies in humans indicated that this nucleoside (1) and 
its 5'-phosphate (11) are retained in the body for a long period. Only -20% 
of the radioactivity was excreted in urine in 48 hr. The nucleotide is 
converted into the nucleoside, and the former may serve as a soluble and 
sustained-release form for the latter (10). Unchanged Nfi-benzyladentsine 
and uric acid are the major urinary metabolites in humans. 


Liver 701.6 9.8 
Kidney 44.2 0.61 
Pancreas 25.9 0.36 
Spleen 10.0 0.13 
Adrenal 2.0 0.02 
Brain 0.7 0.01 
Muscle" 2313 32.3 
Bonea 123 1.7 
Plasma" 2.5 0.03 
Red cellsn 28.4 0.4 


These calculations are based on the total 0190 g of' muscle. 13 g of bone, 6 ml 
of plasma. and 6 ml 0 1  red cells in an average rat. Actually, the disintegrations per 
minute values were determined on a weighed sample of muscle and hone and a per 
milliliter sample of plasma and red cells. Thus, 81.5% of the radioactivity can be 
accounted for when urine and fecal activities are added. 
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Abstract A renewed application of potentiometric acid-base titrations 
is described, by which dissociation constants of practically water-insol- 
uhle drugs can be measured accurately. The method uses the difference 
i n  the amount of titrant hetween a suitable aqueous solvent and a solution 
of the drug in that solvent. Such potentiometric difference titrations were 
conducted on a 3.7 X M solution of chlorthalidone in 0.1 M aqueous 
KCI in the pH 3.5-10.6 range a t  25'. Nonlinear least-squares regression 
analysis was applied to the data. From four determinations, a value of 
9.24 f 0.02 (mean f S E M )  resulted for the apparent dissociation constant 
of the first chlorthalidone acid group. The thermodynamic dissociation 
constant was calculated a t  pKal = 9.35 (25') by using a correction for 
activity. 


Keyphrases Chlorthalidone-analysis, differential potentiometry, 
dissociation constants 0 Potentiometry, differential-analysis, chlor- 
thalidone dissociation constants, ibuprofen dissociation constant 0 
Ibuprofen-analysis, differential potentiometry, dissociation constant 


A drug's dissociation constant is an important parameter 
in pharmacokinetic and pharmacodynamic investigations. 
Once the pKa is known, the degree of compound disso- 
ciation at physiological pH is derived easily; and since only 
unionized molecules generally pass readily across biological 
membranes (l), predictions concerning the access to tissue 
sites of interest can be made. The pKa also has value in the 
estimation of the lipiphilicity of a compound from its 
partitioning between an organic solvent and water; if the 
pKa is known, true partition coefficients can be calculated 
from the apparent values a t  any arbitrary pH. 


BACKGROUND 


Chlorthalidone' (I) contains two weakly acidic groups: one sulfonamide 
and one oxoisoindolin (acid amide) moiety. Although the latter was not 
expected to contribute to drug dissociation at acid or neutral pH, the 
former could influence back-resorption of the drug in the renal tubules 
when pH 8 urine is produced. In this situation, a pH-dependent urinary 
excretion should become evident. This aspect gains quantitative im- 
portance because normally -70% of an available chlorthalidone dose is 
excreted unchanged in the urine (2): The present study was undertaken 
because no chlorthalidone pKa value was available from the litera- 
ture. 


' Hygroton, Ciha-Geigy, Basel, Switzerland. 


0 
I 


Various methods to determine acid and base dissociation constants 
are used. They were comprehensively evaluated by Albert and Serjeant 
(3). These authors stated that both potentiometry and UV spectropho- 
tometry produce accurate results, although the latter method is more 
laborious (3). 


One premise for a conventional potentiometric titration is that the 
weak acid or base concentration must be so high that the amount (if ti- 
trant needed to  titrate the solvent is negligible in comparison with the 
amount necessary to protonate or deprotonate the dissolved compound. 
This condition could not be fulfilled at present, because maximum 
chlorthalidone solubility in neutral aqueous solutions was reported as 
4 . 1 2  mg/ml(4), equivalent to 3.45 X M. In such a case, a difference 
titration can be conducted, provided that the amounts of strong acid and 
base, with which the solution of the compound with an unknown pKa and 
its blank (solvent alone) are titrated, are measured accurately. 


Moreover, the pH measurement must be of high precision and very 
reproducible. T o  meet this requirement, use was made of automatic po- 
tentiometric titration equipment containing a precisely operating, 
motor-driven microburet and a high-resolution digital voltmeter con- 
nected to a low-drift pH meter. The apparatus was used previously to 
determine pKa values and numbers of titratable groups of purified pro- 
teins (5,6).  


EXPERIMENTAL 


An aqueous solution of 0.1 M KCI served as the blank. A saturated 
chlorthalidone solution in this solvent was prepared by vigorously stirring 
-8 mg of the crystalline drug in 50 ml of solvent a t  room temperature 
overnight. After filtration, the concentration, determined in triplicate 
by GLC (7), was 125.2 f 0.7 pg/ml (mean f S D ) ,  equivalent to 3.695 X 


M. Aqueous hydrochloric acid and sodium hydroxide solutions, 
0.0604 M, were diluted by weighing with four volumes of distilled water 
and bubbled with nitrogen gas to remove carbon dioxide. 


The titrant was added stepwise, using a microburet*, a t  0.01 ml/min 
with an accuracy of f0.1%. The titrations were conducted on the chlor- 


Metrohm, Zurich, Switzerland. 
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DISCUSSION 


The artificial sweetener consists of saccharin sodium and sodium bi- 
carbonate. Acetic acid in the eluent neutralizes both. Acetic acid in the 
eluent increases the retention (capacity factor) of saccharin by sup- 
pressing ionization and also results in a much sharper peak. If saccharin 
is allowed to elute in its ionic form, very little retention occurs and little 
use is m?de of the separating capabilities of the column. 


Before an assay can be considered qualified for a stability-indicating 
program, its specificity characteristics must be proven. Specificity in this 
method is provided mainly by the liquid chromatographic column. I t  is 
clearly not proper to assume specificity simply because a chromatographic 
process is involved. For this study, the proposed method was challenged 
in three ways. 


First, a literature search was conducted to determine the documented 
impurities and degradation products of the active drug saccharin. These 
compounds were subjected to the column under the assay conditions and 
were all innocuous to the assay. These compounds must be added directly 
to the sample solution so that possible matrix effects are eliminated. 


Second, a forced degraded sample of the actual product was assayed 
for two reasons: ( a )  the actual decomposition products in the drug matrix 
may be different from those postulated in the literature and ( b )  inter- 
ferences by degradation products of the excipients are possible. When 
the assay passes these conditions, it is more likely to prevail during the 
shelflife of the product. 


Third, the forced degraded sample assay, whenever possible, should 
be compared with a completely independent assay based on different 
analytical principles. If possible, this reference method should be of 
demonstrated accuracy. When the results of the two methods agree within 
the expressed objectives, the method developer can be confident of the 
reliability of the new method. These three approaches are by no means 
completely rigorous but can be regarded as minimum criteria for a pro- 
posed stahility-indicating method. 


The general procedure given for other pharmaceutical preparations 
was applied to mouthwashes, analgesic liquids, and antidiarrhetics. Oc- 
casionally, such samples can be injected after dilution, addition of the 
internal standard, and clarification. Generally, however, ether extraction 
is required because of the low saccharin levels in the formulations. The 
ether extraction technique also is preferable because of the added se- 
lectivity of the extraction step and the extended column life resulting 
from injection of a cleaned-up sample solution. 


Because of pharmaceutical formulation diversity, components other 
than saccharin are frequently extracted and the resulting chromatograms 
are less simple than those of the artificial sweetener. However, interfer- 


ences often may be eliminated by proper pH and methanol adjustments 
in the eluent. The selectivity .of the chromatographic process provides 
enough resolution so that the saccharin assay can be carried out in the 
presence of other ingredients such as salicylic acid and alkyl parabens. 
Injections can be made every 5 min, and about 30 samples of artificial 
sweetener can be analyzed per 8-hr day. Fewer samples of the other 
pharmaceutical formulations can be analyzed because of the lengthier 
sample-handling procedure, but this procedure is necessary for almost 
any technique. 


In summary, this reversed-phase liquid chromatographic system 
provides a precise, accurate, and specific saccharin assay with high sample 
throughput. The procedure is applicable to a wide range of pharmaceu- 
ticals, especially for a stability-indicating program. 
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Abstract  A rapid and specific high-performance liquid chromato- 
graphic (HI'LC) assay for quantitative plasma mebendazole determi- 
nation is described. After a simple extraction, the compound was analyzed 
t)y HP1.C: rising a reversed-phase column and a UV detector (313 nm). 
Quantitation was accomplished using an internal standard; peak area 
ratios were determined with an integrating computer. The average me- 
t)endazole recovery over a concentration range of 0.01 -0.20 Ig/ml was 


75.9 f 3.8% SD, and the maximum assay sensitivity was -10 ng/ml. 


Keyphrases 0 High-performance liquid chromatography-analysis, 
mebendaaole in human plasma 0 Mebendazole-analysis, high-perfor- 
mance liquid chromatography, in human plasma Ant.helmintic 
agenb--mebendazole, high-performance liquid chromatographic analysis 
in human plasma 


Mebendazole' (I), methyl 5-benzoyl-2-benzimidaz- following 5-7 mg PO of 14C-mebendazole (18.5-22.7 pCi). 
Approximately 2.5% of this urinary radioactivity was un- 
conjugated mebendazole, about 20% was the decarbamated 
metabolite, and 75% was of undetermined identity. Plasma 
radioactivity levels remained low throughout the study. 
There are no published methods sensitive enough to 


olecarbamate, is a broad spectrum anthelmintic agent 
(1-3). Initial absorption studies in humans (1) suggested 
that 6-10% of the radioactivity was recovered in the urine 
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measure plasma levels of the parent compound following 
oral administration of mebendazole tablets. 


This report describes a simple and specific high-per- 
formance liquid chromatographic (HPLC) method for the 
rapid determination of plasma mebendazole. This assay 
may have the sensitivity (-0.01 pg/ml) and precision 
needed to measure unchanged drug levels after chronic 
high-dose administration of mebendazole to patients being 
treated for Echinococcus multilocularis cysts. 


EXPERIMENTAL 


Apparatus-Analyses were performed on a liquid chromatograph2 
operated a t  ambient temperature and equipped with a differential UV 
(313 nm) detector3. Separations were performed on a 300 X 3.0-mm (i.d.) 
reversed-phase column4. Samples were introduced onto the column 
through a septumless inject09 with a 25-pl syringe6. Chromatograms were 
traced on a strip-chart recorder7, and peak area integration was per- 
formed by an integrating computer8 interfaced with the detector by an 
analogaigital converterQ. Analog signal modification to reduce noise from 
the UV detector was achieved with an electronic filterlo. 


Reagents and  Solvents-Mebendazole (I), three known human uri- 
nary metabolites of mebendazole [2-amino-5-benzoylbenzimidazole (11). 
5-benzoyl-2-hydroxybenzimidazole (III), and methyl 5-(a-hydroxy- 
benzyl)-2-benzimidazolecarbamate (IV)], and the internal standard 
methyl 5-(4-fluorobenzoyl)-2-benzimidazolecarbam (V, flubendazole) 
were used as received". All chemicals and reagents except acetonitrile12 
were reagent grade. 


Chromatographic Conditions-The mobile phase was 0.05 M 
KHZPOd-NaOH buffer (pH 6.0)-acetonitrile (73:27 v h ) ,  and the flow 


I 
0 


111 
OH 


IV 


V 


Model ALC 202/204, Waters Associates, Milford, Mass. 
Model 440, Waters Associates, Milford. Mass. 
PBondapak C-18, Waters Associates, Milford, Mass. 
Model U6K, Waters Associates, Milford, Mass. 
Pressure-Lok B-110, Precision Sampling Corp., Baton Rouge, La. 
Model 300. Linear Instruments, Irvine, Calif. 
Model 33528, Hewlett-Packard, Avondale, Pa. 
Model 18652A, Hewlett-Packard, Avondale, Pa. 


lied by Janssen Pharmaceutica, Beerse, Belgium. 


lo Model 1021 A, Spectrum Scientific Corp., Newark, Del. 
I '  Mebendazole, flubendazole, and metabolite standards were synthesized and 


yfGlass distilled, Burdick & Jackson Laboratories, Muskegon, Mich. 
su  


Table I-Recovery of Mebendazole f rom Human Plasma at 
Various Concentrations 


~ 


Theoretical Plasma Average Observed 
Concentration, Plasma Concentration, Average Recoverya, 


Pdml Ccg/ml n TO 


0.010 
0.025 
0.050 
0.100 
0.200 


0.0757 7 75.7 * 9.3 
0.0187 6 74.9 I5.i 
0.0389 9 77.9 f 1.9 
0.0754 13 75.4 i 1.4 
0.151 4 75.4 f 1.5 


f 75.9 i 3.g6 


O f f SD. * = 5.09%. 


rate was adjusted to 2.5 ml/min (-2500 psi). The solvent mixture was 
prepared daily and degassed under reduced pressure before use. A 
stainless steel p r e c ~ l u m n ~ ~  (3 X 0.32 cm 0.d.) was used to minimize the 
detrimental effect of any irreversibly adsorbed plasma-extracted material 
on the performance of the microparticulate reversed-phase column. 


Extraction Procedure-Aliquots (2.0 ml) of plasma were transferred 
to  15-ml test tubes (16 X 125 mm) fitted with polytef-lined screw caps, 
diluted with 2.0 ml of 0.05 M KHZP04-NaOH buffer (pH 7.0), and ex- 
tracted with 7.0 mi of ethyl acetate. The mixture was shaken vigorously, 
and the phases were separated by centrifugation (2 min at -15OOXg). The 
organic layer was removed with a Pasteur pipet and transferred to an- 
other 15-ml screw-capped tube. A second extraction was performed 
similarly. The ethyl acetate layers were pooled for each sample and 
taken to dryness under a nitrogen stream in a water bath (55'). An aliquot 
(2.0 ml) of 0.001 N HCI was added to  the ethyl acetate residue and mixed 
with a vortex mixer. The hydrochloric acid solution was then extracted 
twice with 6.0 ml of petroleum ether (bp 30-60") and centrifuged to ob- 
tain a clear supernate, and the upper layers were discarded after aspi- 
ration. The remaining aqueous fraction was alkalinized with 2.0 ml of 0.01 
N NaOH, and this mixture was extracted twice with ethyl acetate. 


The final residues were transferred with ethyl acetate to 2.5-ml glass 
conical centrifuge tubes and concentrated with two ethyl acetate washings 
under a nitrogen stream in a water bath (55'). The resulting residue was 
dissolved in 60 pl of ethyl acetate, and aliquots (20 4) were injected onto 
the chromatograph for analyses. 


Extraction Efficiency-Venous blood from several untreated vol- 
unteers was drawn into heparinized containers14 and centrifuged to 
generate a plasma pool. The efficiency of extracting the drug from plasma 
was established using the following procedure. Known amounts of me- 
bendazole and of the internal standard, flubendazole, both of which were 
dissolved in methanol-formic acid (described later), were added to 
drug-free plasma samples (15-25 ml each) to achieve mebendazole con- 
centrations of 0.01,0.025,0.05,0.10, and 0.20 pg/ml and a constant flu- 
bendazole concentration of 0.15 pg/ml for each sample. Aliquots (2.0 ml) 
o f  each plasma sample were transferred to 15-ml test tubes and stored 
frozen (-20") until extracted as described. 


All samples ( n  L 6) a t  each concentration were analyzed in duplicate. 
Mebendazole quantitation was accomplished by use of the described 
internal standard method. 


Calibration a n d  Standard Preparation-Mebendazole (25.0 mg) 
was dissolved in -10 ml of formic acid (98%) and diluted to volume with 
methanol in a 25.0-ml volumetric flask to yield a concentration of 1.0 
pcg/pl. Three additional standard solutions containing 0.10,0.01, and 0.001 
pg/pl of mebendazole were prepared by serial dilution of the I.O-pg/pl 
stock solution with methanol. Standard solutions of flubendazole (1.0, 
0.1, and 0.01 pg/pl) were prepared in the same manner. 


The internal standard method contained in the software section of the 
computer is predicated on a linear relationship between micrograms of 
mebendazole injected and the peak area ratio of mebendazole to the in- 
ternal standard. Calibration solutions were prepared in the following 
manner. Aliquots (100, 71, 50, 33, and 25 p l )  of the O.l-pg/@l internal 
standard solution were transferred to glass vials and taken to dryness. 
These samples were diluted with 1.0 ml of the mebendazole standard 
solution (0.001 pg/pl)  so that a constant amount of fluhendazole (0.05 
pcg) and 0.005,0.007,0.01,0.015, and 0.02 pg of mehendazole were deliv- 
ered in 5,7,10,15, and 20 pl of solution. The linearity of the calibration 
curve was initially evaluated by repeated (n 2 5) injections of each so- 
lution. Thereafter, an average calibration response factor was established 
by the computer following triplicate injections (15 pl) of a calibration 


Packed with C-18 Corasil 11, Waters Associates, Milford, Mass. 
I4 Vacutainers, Becton Dickenson, Rutherford, N.J. 
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MINUTES 
Figure I-Liquid chromatogram of a n  extract from drug-free plosma. 
The mobile phase consisted of 0.05 M KH2P04-NaOH buffer (pH 
6.0)-acetonitrile (7327 u / v )  with the flow rate adjusted to 2.5 ml/ 
min. 


solution containing 0.015 pg of mebendazole and 0.05 pg of the internal 
standard. 


Specificity-Assay specificity was determined by injecting solutions 
of mebendazole (I) and its potential metabolites, 11, 111, and IV (-0.1 
pg/pl in methanol), onto the HPLC column. A portion of an ethyl acetate 
extract (20 pV60 pl) from a drug-free plasma sample also was chroma- 
tographically evaluated for the presence of any ethyl acetate-extractable, 
UV-absorbing (313 nm) material that  might interfere with the mea- 
surement of mebendazole or flubendazole. 


RESULTS AND DISCUSSION 


The average drug recovery from plaqma samples to which mebendazole 
had been added was 75.9 f 3.8% SD (Table I) with an average precision 
( C V )  of 5.09%. Linear regression analysis of percent recovery versus 
plasma concentration revealed no statistically significant ( p  = 0.7143) 
slope (0). One-way analysis of variance of the recovery data from each 
mebendazole concentration demonstrated no significant differences 
among the groups. These data suggest that extraction efficiencies are not 
Concentration dependent over the investigated plasma drug range. The 
average internal standard recovery was 94.1 f 2.88% SU with a coefficient 
of' variation equal to 3.06%. 


Even though the Amax ohserved for mebendazole in methanol was 246 
nm, detection a t  313 nm was particularly advantageous since the ethyl 
acetate extracts t'rom drug-free plasma were free of interfering UV-ab- 
snrhing peaks (313 nm) (Fig. 1). Extraction of the acidified residue with 
petroleum ether aided in eliminating lipophilic material, which might 
otherwise become highly bound to the coiumn and interfere with anaI- 
yses. 


Baseline resolution between mehendazole (1) and the internal standard, 
flubendazole (V), was achieved under the chromatographic conditions 
described. Compounds 11,111, and IV, although not well separated from 
each other, were separated completely t'rom I and V. The observed re- 


B 


I 


A 


V ! - 
12 8 4 


- 
12 8 4 


MINUTES 
Figure 2-Representative chromatograms of extracts lrom human 
plasma containing 0.025 ( A )  and 0.20 (3) gg/ml of mebendazole. The 
amount of the internal standard added t o  the  pinsma U:QS 0.15 gggiml. 
The detector response was at 0.005 aufs. 


tention times ( t , )  for I, 11,111, IV, and V were 10.03,5.61,4.89,4.89, and 
12.64 min, respectively. Representative chromatograms of extracts from 
plasma containing 0.025 and 0.20 pg/ml of mebendazole are shown in Fig. 
2. 


Linear regression analysis of the curve described by plotting the area 
ratio (y-axis) of mebendazole over flubendazole uersus micrograms of 
mebendazole injected (x-axis) demonstrated linearity ( r2  = 0.9803) over 
the concentration range evaluated (0.005-0.02 pglinjection). The slope 
of the line was calculated to be 21.908 pg-I ,  and the y-intercept was 
calculated to be 0.021. The calculated x-intercept was equivalent to -0.96 
ng of mebendazole/injection. This value was used as a hackground cor- 
rection factor in mebendazole recovery calculations. Over a 2-month 
period of analyses, the slope of this line demonstrated little change (CV 
= 4.89'0, n = 56). 


In summary, an assay was developed that can be used to measure 
plasma mebendazole levels as low as 0.01 pg/ml. The method is hoth rapid 
and specific, and its sensitivity indicates that it might be suitable for 
measuring unchanged drug levels after chronic administration of me- 
bendazole tablets to patients heing treated for E.  multilocularis cysts. 
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Abstract 0 Indole alkaloids of the iboga series were structurally modified 
by incorporation of a 3,4-dimethoxybenzyl or -benzoyl unit so that they 
contained the N-0-0 triangle required for antileukemic activity ac- 
cording to the triangulation hypothesis. The cytotoxicities of the modified 
alkaloids in the in uitro P-388 system were not significantly increased 
over the unmodified alkaloids, suggesting that the triangulation hy- 
pothesis does not apply in this series a t  least. 


Keyphrases 0 Indole alkaloids-semisynthetic, cytotoxicity, struc- 
ture-activity relationships Antineoplastic agents, potential-modified 
indole alkaloids, cytotoxicity, structure-activity relationships 0 Struc- 
ture-activity relationships-modified indole alkaloids, antineoplastic 
activity II Voacangine-derivatives, cytotoxicity, structure-activity 
relationships Catharanthine-derivatives, cytotoxicity, structure- 
activity relationships 


In an earlier paper (l), the cytotoxicity of various bis- 
indole alkaloids of the voacamine type was’shown to be 
strikingly dependent on the detailed structure of the al- 
kaloid and, in particular, on the position of the vobasane 
unit attachment to the iboga unit of the bisalkaloid. The 
antileukemic activity of various compounds, including the 
bisindole alkaloids vincristine and vinblastine, can be 
correlated with the structural feature of an N-0--0 triangle 
of defined dimensions in these molecules (2). It was pos- 
sible that indole alkaloids of modest antileukemic activity 
could be modified to contain the N-0-0 triangle and 
might then show an increased antileukemic activity. This 
paper presents the results of some studies directed toward 
this question. 


RESULTS AND DISCUSSION 


The iboga alkaloids voacangine (I) and catharanthine were selected 
as the parent alkaloids for structural modification. Voacangine, which 
was available from previous isolation studies on Tabernaemontnna ar- 
borea (3), shows a weak cytotoxicity in the P-388 cell culture system. This 
system, using a leukemia-derived cell line, was selected for the initial 
bioassay, with in oioo testing available a t  a later stage for promising 
candidates. 


Reaction of I with 3,4-dimethoxybenzyl alcohol yielded the di- 
methoxybenzyl deriva>ives I1 and 111, together with unreacted I and more 
highly substituted products. Assignment of Structures I1 and I11 to the 
two major substitution products was done primarily on the basis of PMR 
and mass spectra. Compound 11 showed singlets in its PMR spectrum 
at ii 6.89 and 6.84 ppm, assignable to H-14 and H-11, respectively. In 111, 
the relevant signals appeared as doublets a t  6 7.14 and 6.90 ppm, corre- 
sponding to H-14 and H-13, respectively. The mass spectra of both 


1 


COOCH,, 
111 


compounds showed molecular ion peaks at mle 518 and typical peaks for 
ihoga alkaloids a t  m/e 136 and 124 (4). 


Reduction of I with lithium aluminum hydride yielded the known 
compound voacanginol (5). Esterification of voacanginol with 3,4-di- 
methoxybenzoyl chloride yielded the ester IV, which had NMR and mass 
spectra consistent with its assigned structure. Coupling of IV with vo- 
basinol yielded the bisalkaloid V; its PMR spectrum was essentially a 
superimposition of the vobasane spectrum on that of IV. Coupling of the 
vobasine molecule to the 13’-position of IV (rather than the 11’-position) 
was indicated by the singlet resonances assignable to the 11’- and 14’- 
protons and by the broadening of the resonance of the I methoxyl group 
at  6 3.93 ppm due to hydrogen bonding (6). 


Conversion of catharanthine to its epoxy lactam (VIII) was effected 
by published procedures (7,8). Coupling of the intermediate iodolactone 
(VII) with 3,4-dimethoxybenzyl alcohol yielded the 3,4-dimethoxybenzyl 
derivative (IX). The assignment of Structure IX to the coupled product 


002245491 791’ 1100-1403$01.0010 
@ 1979. Amrican Pharmaceutical Association 


Journal of Pharmaceutical Sciences I 1403 
Vol. 68, No. 11, November 1979 







Table I-Interatomic Distance Measurements (Picometers) of 
Some Semisynthetic Indole Alkaloids in Their Optimum 
Conformations 


C,,00CH3 


v :  R = CH~OC+H, 


VI: R = COOCH, 


60- 0 


OCH, 


VII I :R=H 


X: R -CH2 -Q-OCH, . 
was based on an analysis of its PMR spectrum, which showed a doublet 
at 6 7.30 ppm assignable to the 11-proton, and by analogy to the synthesis 
of tabernamine, in which coupling also took placeat the 13-position of 
an unsubstituted iboga alkaloid (9). Conversion of the iodolactone IX 
to the epoxide X was effected with base and gave a product with spectral 
data in accord with the assigned structure. 


According to the triangulation hypothesis (2), antileukemic activity 
can be correlated with the presence of an N-0-0 triangle in the molecule 
with the following dimensions: N-01,652-764 pm; N-O~,804-920 pm; 
and 01-02,270-400 pm. The crucial triangle does not have to be rigidly 
fixed since the activity of molecules such as daunorubicin, streptovitacin, 
and vinblastine, which contain the triangle in one particular conforma- 
tion, is explained by the hypothesis. An examination of Dreiding models 


Alkaloid N-01 N-02 01-02  


I1 
111 


IV, v 
X 


740 860 303 
760 840 303 
708 840 303 
740 860 303 


of the modified alkaloids 11-V and X showed that each contained an 
N-0-0 triangle of appropriate dimensions in a t  least one conformation; 
the dimensions of the conformation that gave the best fit in each case are 
given in Table I. 


The P-388 in uitro cytotoxicities of synthetic 11-V and X are given in 
Table 11, together with the corresponding data for the natural alkaloids 
voacangine (I) and voacamine (VI). Inspection of these data indicates 
that the synthesized compounds appear not to have any additional ac- 
tivity due to the triangulation effect. Thus, although I1 and I11 both have 
N10-0  triangles of comparable size, one is slightly more active than the 
parent alkaloid and one is slightly less active. The modified bisindole 
alkaloid V, which contains the N-0-0 triangle, is considerably less active 
than VI, which does not. Neither modified alkaloid VIII nor X shows any 
significant activity, although both contain an alkylating (epoxy) function, 
and one contains the N-0-0 triangle. 


The four compounds 11-V also were tested for activity in the P-388 in 
uiuo test system. None showed significant activity a t  dose levels in the 
0.5-25-mglkg range. 


In interpreting the results, it must be remembered that the N-0-0 
triangular arrangement was never envisioned as a necessary and sufficient 
criterion for antileukemic activity (2). Clearly, it cannot be applied in any 
simple way to improving the activity of marginally active compounds such 
as the iboga alkaloids. Further experiments are required to test its ap- 
plicability in other systems. 


EXPERIMENTAL 


Materials, methods, and procedures were identical to those described 
previously (9). 
13-(3,4-Dimethoxybenzyl)voacangine (11) and 11-(3,4-Di- 


methoxybenzy1)voacangine (111)-A mixture of voacangine (I) (1.22 
g) and 3,4-dimethoxybenzyl alcohol (0.57 g) was heated under reflux in 
1.5% methanolic hydrochloric acid for 10 days. Usual workup yielded a 
crude product, which gave six major spots on TLC. Purification of the 
crude product by preparative TLC (hexane-ether-methanol, 5:41) 
yielded unreacted I (0.23 g), I1 (0.22 g), and 111 (0.31 g) from the first, 
second, and third bands, respectively. The remaining bands consisted 
of mixtures of oxidized and N- benzylated products and were not inves- 
tigated further. 


Compound I1 showed major ions in its mass spectrum at mle 518 (M+, 
loo), 503 (12), 433 (20), 394 (14), 323 (12),3U (171,310 (43), 260 (111,259 
(20), 208 (16), 151 (39), 148 (24), 137 (18), 136 (99), 135 (431,124 (38), 123 
(12), and 122 (43). Its PMR spectrum showed peaks at 6 7.66 (lH, s, NH), 
6.89 (lH, s, H-14), 6.84 (lH, s, H-ll) ,  6.80-6.75 (3H, m, H-2’,5’,6’), 3.96 
(2H, s, ArCHZAr’), 3.86,3.82,3.80 (3H each, s, -OCH3), and 3.66 (3H, s, 
COOCH3) ppm, together with signals for 18 protons in the 3.5-0.9-ppm 
region, which closely matched signals in the corresponding region in the 
spectrum of I. Its IR spectrum showed vmB, 3350 (NH) and 1710 
(COOCH3) cm-l, and it had A,, (ethanol) 296 (sh) (log c 4.00), 283 (4.09). 
and 224 (4.49) nm. 


Anal.-Calc. for C31H3~N205: m/e 518.2778. Found: mle 518.2785. 
Compound 111 had a similar mass spectrum to 11, showing major peaks 


o f  mle 518 (M+, loo), 503 (lo), 433 ( l l ) ,  384 (lo), 367 (15), 311 ( l l ) ,  151 
(21), 136 (87), 135 (37), 124 (15), and 122 (26). Its PMR spectrum (CDCl3) 
showed peaks at 6 7.84 (lH, s, NH), 7.14 (lH, d , J  = 8 Hz, H-14), 6.90 (lH, 
d, J = 8 Hz, H-13). 6.8-6.6 (3H, m, H-2’,5’,6’), 4.42 (2H, s, ArCH2Ar’), 3.80, 
:3.78,3.76 (3H each, s, -OCH3), and 3.68 (3H, s ,  COOCH3) ppm, together 
with signals for 18 protons in the 3.5-0.9-ppm region. In this case, the 
signals for the eight protons in the 3.5-2.5-ppm region did not match the 
corresponding signals in the spectrum of I, indicating some shielding of 
the seven, eight, and, possibly, 19 protons by the dimethoxybenzyl ring 
system, Signals in the 2.2-0.9-ppm region matched the corresponding 
signals in 1 Quite well. Its IR wectrum showed v,,, 3370 (NH) and 1725 
(COOCHj) em-’. 


Anal.-Calc. for C31H38N205-H20 C, 69.36; H, 7.51; N, 5.27. Found: 
C, 68.96; H, 7.13; N, 5.13. 
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Table 11-Cytotoxicity of Various Semisynthetic Indole 
Alkaloids 


Cjtotoxicity 
(ED50 in 
P-388 


Cell Culture), 
Alkaloid Pdml 


I Voacangine 6.8 


111 1 l-(3,4-Dimethoxybenzyl)voacangine 3.8 
IV 0-(3,4-Dimethox benzoy1)voacanginol 16 
V 13’-Vobasi0-(3,ldimethoxybenzoyl)voacan- 16 


I1 13-(3,4-Dimethoxybenzyl)voacangine 10 


einol 
VI v&Icamine 2.6 


X 13-(3.4-Dimethoxvbenzvl)-3a.4a-e~oxv-l9- 31 
VIII 3a,4a-Epoxy-19-oxodihydrocatharanthine > 100 


, - ”  


oxodihydrocathkranthine 


0-(3,4-Dimethoxybenzoy1)voacanginol (1V)-A mixture of voa- 
canginol(5) (0.28 g). 3,4-dimethoxybenzoyl chloride (0.22 g), and pyridine 
(2 ml) was allowed to stand for 2 days at room temperature. The reaction 
mixture was poured into water, and the crude product was recovered by 
filtration. Purification by preparative TLC in hexane-ether-methanol 
(63:l) yielded IV as an amorphous white powder. The compound showed 
major mass spectral peaks at  nale 504 (M+, 74), 489 (6), 323 (loo), 322 
(53), 307 (23), 239 (l?), 237 (23), 215 (98), 200 (241,198 (15), 182 (91,174 
(12), 165 (501, 162 (181, 136 (76), 135 (991, 124 (81, and 122 (56). 


Its PMR spectrum (CDCl3) showed peaks at  6 8.35 ( lH,  s, NH), 7.45 
( l H , d d , J =  8H~,H-6’),7.25 ( l H , d , J =  2H2, H-2’),7.13 ( l H , d , J =  8 
H~,H-14),6.89(1H,d,J=2H~,H-ll),6.71(1H,d,J=8H~,H-5’),6.71 
(IH, dd, J = 8 and 2 Hz, H-13), 4.71 (lH, d, J = 12 Hz, H-22a), 4.33 (IH, 
d,J = 12 Hz, H-22b), and 3.83,3.83,3.65 (3H each, s, 3 X -0CH3) ppm, 
together with signals for 18 protons in the region 3.5-0.9 ppm corre- 
sponding to the signals in this region in the spectrum of voacanginol. Its 
IR spectrum showed umax 3370 (NH) and 1700 (ArCOOR) cm-’, and it 
had A,, (ethanol) 288 (log t 4.21), 262 (4.32), and 217 (4.73) nm. 


Anal.-Calc. for C30H36N305-H20: C, 68.94; H, 7.24; N. 5.44. Found: 
C, 69.43; H, 7.67; N, 5.44. 
13~-Vobasi-O-(3,4-dimethoxybenzoyl)voacanginol (V)-A solution 


of vobasinol (0.177 g) and IV (0.252 g) in 1.5% methanolic hydrogen 
chloride (10 ml) was heated under reflux for 48 hr. Usual workup yielded 
a crude product (0.40 g), which was purified by preparative TLC in 
hexane-ether-methanol (4:5:1) to yield unreacted IV (0.055 g) and V 
(0.172 g). After a second preparative TLC, V was obtained as a white solid, 
homogeneous on TLC in two systems (0.110 9). 


The isolated material had a PMR spectrum (CDC13) with peaks at  6 
7.88 (1H, s, NH), 7.70 (lH, s, NH), 7.5 (2H, C, H-12 and H-6”), 7.24 OH, 
d, J = 2 Hz, H-2”), 7.0 (3H, c, H-9,10,11), 6.89 (lH, s, H-14’), 6.77 (lH, 
s, H-ll’), 6.72 (lH, d, J = 8 Hz, H-5”),5.2 (2H, C, H-3 and H-19), 4.54 (lH, 
d, J = 12 Hz, H-22’), 4.28 (IH, d, J = 12 Hz, H-227, 3.93 (3H, bd s, 
-OCH3), 3.85 (3H, S, -OCH3), 3.69 (3H, s, -OCH3), 3.52 (3H, s, 
-COOCH3), 2.43 (3H, s, -NCH3), 1.64 (3H, d, J = 7 Hz, -CHCH3), and 
0.88 (3H, t, J = 7 Hz, CH2CH3), together with peaks in the 3.5-1.0-ppm 
region assignable to the voacangine or vobasine portions of the molecule. 
Its IR spectrum showed umax 3380 (NH) and 1710 (broad peak, 


-COOCH3 and ArCOOR) cm-1, and it had A,, (ethanol) 288 (log t 4.29), 
263 (4.311, and 218 (4.77) nm. 


Anal.-Calc. for C~1HmN407: N, 6.66. Found: N, 6.65. 
3~,4a-Epoxy-1S-oxodihydrocatharanthine (VI1I)-Compound 


VIII was prepared by treatment of 4a-hydroxy-3~-iodo-19-oxodihy- 
drocatharanthinic acid lactone (VII) with base as previously described 
(7,8). The material had identical properties to those described. 
13-(3,4-Dimethoxybenzyl)-4u-hydroxy-3~-iodo- IS-oxodihydro- 


catharanthinic Acid Lactone (1X)-Treatment of VII (200 mg) with 
3,4-dimetlioxybenzyl alcohol (85 mg) in 1.5% methanolic hydrogen 
chloride under reflux for 48 hr yielded a mixture of six major components 
after the usual workup. Separation of the mixture by preparative TLC 
(acetone-hexane, 1:2) yielded the benzyl iodolactone IX (63 mg); IR  vmaX 
(KBr) 1770 and 1690 cm-l; PMR (CDCl3): 6 9.32 (lH, bd s, NH), 7.30 
(lH, d, J = 8 Hz, 11-HI, 7.2-6.9 (2H, complex), 6.68 (3H, bd s), 4.65-4.36 
(2H, m, 2-H and 3-H), 4.30 (lH, s, 5-H), 3.96 (2H, s, ArCHZAr’), 3.79 (3H, 
s, OCH3), 3.76 (3H, s, OCHs), and 1.00 (3H, t, 21-CH3); mass spectrum: 
m/e 612 (M+, 3), 384 (41,319 ( l l ) ,  253 (loo), 169 (81,168 ( l l ) ,  167 (61,151 
(20). 142 (251, and 127 (90). 


13-(3,4-Dimethoxybenyl) -3u,4u- epoxy-19-oxodihydrocathar- 
anthine (X)-The benzyl iodolactone IX (40 mg) was added to sodium 
methoxide (4 mg) in methanol (2 ml), and the mixture was allowed to 
stand at  room temperature for 2 hr. The resulting solution was poured 
into dilute acid; the aqueous layer was extracted with chloroform to yield 
a crude product, which was purified by preparative TLC on silica gel 
(acetone-hexane, k2). Elution of the major band yielded X as a homo- 
geneous powder, Ri 0.44; PMR (CDCl3): 6 8.16 (lH, bd s, NH), 7.1-6.8 
(3H, complex), 6.64 (3H, bd s), 4.74 ( lH,  s), 3.92 (2H, s, ArCHZAr’), 3.76 
(3H, s, OCH3), 3.74 (3H, s, OCH3), 3.68 (3H, s, OCH3), and 1.00 (3H, t, 
21-CH3); mass spectrum: m/e 516 (M+, 65). 457 (lo), 413 (9), 377 (ll), 
345 (15), 320 (17), 294 (231,164 (80), 151 (loo), 137 (25), and 136 (31). 


Anal.-Calc. for C30H32N206: mle 516.2259. Found: mle 516.2267. 
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Abstract  The quassinoids bruceantin, brucein D, brucein E, bru- 
ceoside A, and brusatol significantly inhibited P-388 lymphocytic leu- 
kemic cell RNA and protein synthesis in tissue culture. However, DNA 
synthesis inhibition seemed to correlate more directly with the anti- 
neoplastic activity of these compounds in the in uiuo P-388 survival 
system. In uitro, brusatol and bruceoside A marginally inhibited 10-day 
P-388 lymphocytic leukemia DNA polymerase, RNA polymerase, thy- 
midylate synthetase, dihydrofolate reductase, phosphoribosyl pyro- 
phosphate aminotransferase, and cathepsin protease activities. In  uiuo 
studies demonstrated similar inhibition and elevated cyclic AMP levels, 
correlating positively with the antineoplastic activity of individual 
compounds. Purine synthesis was inhibited drastically by brusatol in uiuo, 
and one key inhibition site in purine synthesis was a t  phosphoribosyl 
pyrophosphate aminotransferase, the regulatory enzyme. Histone 
phcsphorylation and ribonucleotide reductase activity also were inhibited 
marginally by brusatol. 


Keyphrases Antineoplastic agents-bruceoside A and brusatol, effect 
on cultured P-388 lymphocytic leukemia cell nucleic acid metabolism 


Quassinoids-antineoplastic activity, effect on cultured P-388 lym- 
phocytic leukemia cell nucleic acid metabolism 0 Leukemia, lympho- 
cytic-in uitro P-388 cells, effect of quassinoids on nucleic acid metab- 
olism 0 Nucleic acid synthesis, tumor-effect of quassinoids on P-388 
lymphocytic leukemia cells 


The structure of bruceantin (I), a quassinoid isolated 
from Brucea antidysenterica, was elucidated previously 
(1). Subsequently, bruceantin was active a t  1 mg/kg/day 
against P-388 lymphocytic leukemia (T/C = 197) and at  
2 mg/kg/day against B16 melanoma (T/C = 178) in mice. 
Brucein D (II), brucein E (III), and bruceoside A (IV) were 
isolated from Brucea jauanica and characterized by Lee 
et al. (2)l. 


Studies witb HeLa cells (3) demonstrated that bru- 
ceantin inhibited protein synthesis >90% at 2 p M ,  whereas 
DNA synthesis was only inhibited -60%. RNA synthesis 
was marginally inhibited (-15%). Protein synthesis was 
blocked 79% in rabbit reticulocytes by bruceantin at  0.1 
mM during the initiation events of translocation. In Sac- 
charomyces cereuiseae, bruceantin did not inhibit the 
initiation event but blocked peptide bond formation 
during chain elongation by binding to the free ribosome 
P site, resulting in 90% inhibition at  0.01 mM (4). 


This paper reports the effects of brusatol and bruceoside 
A on P-388 lymphocytic leukemia cell metabolism. 


EXPERIMENTAL 


Materials-Bruceantin (I) was obtained in small quantities from the 
National Cancer Institute. Brucein D (lI), brucein E (HI), and bruceoside 
A (IV) were extracted from R. jauanica according to the exact literature 
technique (2). and brusatol (V) was obtained by treating bruceoside A 


I See K. H. Lee, Y. Imakura, Y. Sumida, R. Y.  Wu, 1. H. Hall, and H. C. Huang, 
J .  Org. Chem.. in press. 


11: brucein D 111: brucein E 


OH 
IV: bruceoside A 


with 3 N HzSO4-methanol (1:l)  to hydrolyze the glycosidic linkage 
(2). 


P-388 Lymphocytic Leukemia Antitumor Screen-DBA/2 male 
mice (-25 g) were administered lo6 P-388 lymphocytic leukemia cells 
intraperitoneally on Day 0. Test compounds were homogenized in 0.05% 
polysorbate 80 and administered on Days 1-14 intraperitoneally. The 
average days survived for each group was determined, and T/C 
(treated/control) values were calculated ( 5 ) .  Fluorouracil was used as a 
positive standard. 


P-388 Lymphocytic Leukemia Cell Metabolism Studies--DRA/2 
male mice were innoculated with lo6 P-388 lymphocytic leukemia cells 
on Day 0. On Days 7.8, and 9, brusatol, 100 pg/kg/day, or bruceoside A, 
at 5 mg/kg/day, was administered intraperitoneally. On Day 10, P-388 
cells were harvested from the peritoneal cavity. The number of tumor 
cells per milliliter and the 0.4% trypan blue uptake were determined with 
a hemocytometer (6). Thymidine incorporation into DNA was deter- 
mined by a literature method (7). One hour prior to the animal’s sacrifice, 
10 pCi of [14C-methyl]-thymidine (47.5 mCi/mmole) was injected in- 
traperi toneally. 
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Table 1-P-388 Lymphocytic Leukemia Screen in DBA/2 Male 
Mice (-25 g) 


Average Days 
Compound (n = 6) Dose, pg/kg/day Survived T/C a 


Ib 1,000 22.7/11.5 197 
500 16.8h1.5 146 
250 15.0h1.5 130 
125 14.3h1.5 124 


I1 125 10.3/9.5 108 
I11 50OC 8.5/9.5 89 


250 10.8/9.5 114 
125 10.8/9.5 114 


IV 6,000 15.6hO.O 156 
250 11.5/9.5 121 
125 10.0/9.5 105 


V 500 12.5/9.5 132 
250 14.519.5 153 
I25 15.0/9.5 158 


Fluorouracil 25.000 19.7110.6 186 


" T/C 2 125 is required for significant activity. * Bruceantin was tested by the 


The DNA was isolated, and the carbon-14 content was determined in 
two parts of toluene, one part of octoxynol, 0.4% 2,5-diphenyloxazole, and 
0.01% 1,4-bis[2-(5-phenyloxazolyl)]benzene scintillation fluid and cor- 
rected for quenching. The DNA concentration was determined by UV 
spectrophotometry a t  260 nm with calf thymus DNA as a standard. 
Uridine incorporation into RNA was determined in an analogous manner 
with 10 pCi of 5-3H-uridine (24.2 Ci/mmole). RNA was extracted by a 
literature method (8). Leucine incorporation into protein was determined 
by the Sartorelli (9) method with 5 pCi of I4C-leucine (54.4 Ci/ 
mrnole). 


The P-388 tissue culture cells were maintained according to literature 
methods (10). Fetal calf serum (10%) was added to the medium 24 hr prior 
to studies. The P-388 cells were diluted to 1.6 X lofi cells/ml, and 14C- 
thymidine (0.086 pCi), "-uridine (0.08 pCi), or 14C-leucine (0.0845 pCi) 
was added to 1 ml of cells (3). The synthesis rates, after 1 hr, of DNA, 
KNA, or  protein were measured as the uptake of labeled precursors into 
cold trichloroacetic acid-insoluble material. DNA was collected on glass 
fiber paper (GF/F) by vacuum suction. RNA and protein were collected 
on nitrocellulose membrane filters. 


The P-388 lymphocytic cells from 10-day DBA/2 mice also were col- 
lected for in uitro studies. The drug effects on the transport of precursor 
radiolabeled thymidine, uridine, or leucine across membranes were de- 
termined using whole cells and cell homogenates. Labeled macromole- 
cules were collected on the appropriate filters after 1 hr of incubation 
(3). 


In the in citra studies, bruceantin and bruceoside A were present a t  
0.015 mM concentrations and brusatol was present a t  0.015 and 0.005 
mM final concentrations. 


Emzymatic Studies-Nuclear DNA polymerase activity was deter- 
mined on isolated P-388 lymphocytic leukemia cell nuclei (11). The in- 
cubation medium was that of Sawada el al. (12), except that 2-14C- 
deoxyrit)othymidine triphosphate (45 mCi/mmole) was used; the insol- 
uble nucleic acids were collected on glass fiber paper (GF/F). Messenger 
RNA polymerase activity was measured by literature methods (13, 14) 
with 5,6-:'H-uridine 5'-triphosphate (35 Ci/mmole). Insoluble RNA was 
collected on nitrocellulose filters. 


Deoxythymidine kinase, deoxythymidylate monophosphate kinase, 
and deoxythymidylate diphosphate kinase activities were measured by 
a literature method (15) based on the disappearance of 0.1 prnole of re- 
duced nadide (nicotinamide adenine dinucleotide) a t  340 nm in 2 min. 
Thyrnidylate syn thehe  activity was assayed by a literature method (IN,  
utilizing a postmitochondrial(9OOOXg for 10 min) supernate and 5 pCi 
of' 5'-Wdeoxyuridine monophosphate (1 1 Ci/mmole). Dihydrofolate 
reductase activity was determined by a literature method (17) based on 
the disappearance of 0.1 pmole of reduced nadide phosphate a t  340 nm 
for 1 hr. S-Adenosylmethionine transferase activity was determined by 
a literature methtd (18) with 0.05 pCi of 14CH3-S-adenosyl-~-methionine 
(59 mCi/mmole). 


Rihonucleotide reductase activity was determined by the method of 
Moore and Hurlbert (19). Deoxyrihonucleotides were separated from 
rihonucleotides by poly(ethy1eneimine) cellulose TLC (20). 14C-Formate 
incorporation into purines was measured by a reported method (21), using 
0.5 pCi of "'C-formic acid (4.95 mCi/mmole). Purine separation was 
carried out on silica gel TLC plates eluted with n-butanol-acetic acid- 
water (4:l:S). The plates were scraped and radioactivity was determined. 


National Cancer Institute in CDF, mice. c Toxic at this dose. 


Table 11-Relative Incorporation of Radiolabeled Precursors  
into P-388 Tissue Culture  Cells during 1 h r  with the Incubation 
Test Drugs (0.015 mM) 


Percent Control (dpm) 
1%. Leucine 


14C-Thymidine "-Uridine In- Incorporation 
Incorporation corporation into into 


Compound into DNA RNA Protein 


I (0.015 mM) 63 f 7" 68 f gb 38 f 5" 
I1 (0.015 mM) 8 1 f 5  45 f 5" 26 f 9" 


I11 (0.015 mM) 76 f 8 43 f 3" 35 f 13n 
1V (0.015 mM) 67 f 9" 45 f 50 35 f 15" 
V (0.015 mM) 16 f 9" 38 f 3" 14 f 8" 


0.05% Polysorbate 80 100 f 7 100 f 3 100 f 14 


a p = 0,001. p = 0.005. 


Phosphoribosyl pyrophosphate aminotransferase activity was determined 
by a method (22) based on the reduction of 0.6 pmole of nadide at  340 nm 
for 30 min. 


Carbamyl phosphate synthetase activity was determined with orni- 
thine and ornithinetranscarbamylase present by the method of Kalman 
et al. (23). The colorimetric determination of citrulline was performed 
according to the Archibald method (24). Aspartate carbamyl transferase 
activity was carried out by a literature method (23) in the presence of 
aspartate transcarbamylase. The colorimetric determination of carbamyl 
aspartate was carried out according to a literature method (25). 


To determine if purine synthesis inhibition was the reason for de- 
creased I4C-thymidine incorporation into DNA, P-388 lymphocytic 
leukemia cells were incubated in uitro with 0.05 pCi of [l4C-methyl]- 
thymidine and deoxyguanosine triphosphate, deoxycytosine triphos- 
phate, and deoxyadenosine triphosphate in buffer for 1 hr. A second 
experiment was performed after dosing with brusatol on Days 7,8, and 
9 a t  100 pglkglday to determine if the actual purine content had been 
altered in uiuo. Purines were extracted (21) and determined by UV 
analysis a t  258 nm. 


Histone phosphorylation was determined by injecting intraperitoneally 
10 pCi of y-"P-adenosine triphosphate (18.8 Ci/mmole). The nuclei were 
isolated 1 hr later, and the histone chromatin protein was extracted by 
a literature method (26). Nonhistone chromatin phosphorylation by 
nuclei protein kinase was determined on isolated nuclei ( l l) ,  utilizing 
2 nmoles of y-32P-adenosine triphosphate. Chromatin protein was col- 
lected on nitrocellulose membrane filters (27). 


Cyclic AMP levels were determined by a literature method (28) with 
the 3H(G)-adenosine 3',5'-cyclic phosphate (39.8 Ci/mmole) radioim- 
munoassay. The drug effect on hydrolytic enzymatic activity was mea- 
sured also. Deoxyribonuclease activity was measured a t  pH 5.0 by a 
modification of the denuve method (29). Ribonuclease activity and acid 
cathepsin activity were determined at pH 5.0 by a literature method 
(30). 
In uitro UV binding studies (6) were conducted with brusatol or bru- 


ceoside A (7.8 pg/rnl) with DNA or deoxyguanosine monophosphate (38 
pg/ml) in 0.1 M phosphate buffer, pH 7.2, over 200-340 nm for 24 hr. 
Protein concentration was determined by the method of Lowry el al .  
(31). 


RESULTS 


Bruceantin was active against the P-388 lymphocytic leukemia cell 
survival system in the 250-1000-pg/kg/day range. Rrucein D and hrucein 
E were inactive. Bruceoside A was active against the P-388 survival sys- 
tem a t  6 mg/kg/day, and brusatol was active a t  125-500 pg/kg/day (Table 
I). Incorporation of radiolabeled precursors into P-988 tissue culture cell 
macromolecules showed that thymidine, uridine, and leucine were in- 
corporated a t  the rates of 5559,3381, and 1646 dpm/106 cells, respectively, 
for the control. 


All five compounds reduced protein and RNA syntheses significantly 
a t  0.015 mM (Tahle 11). Brusatol caused the highest inhibition, resulting 
in 86% suppression of protein synthesis and 62% suppression of RNA 
synthesis of P-388 lymphocytic leukemia tissue culture cells. DNA syn- 
thesis was inhihited 37% by bruceantin, 19% by hrucein D, 24% by hrucein 
E, 33% by bruceoside A, and 84% by brusatol at 0.15 mM. Since brucein 
D and hrucein E were inactive in the P-388 lymphpcytic leukemia survival 
system, it appeared that suppression of RNA and protein was not the 
critical event resulting in tumor cell death. DNA synthesis inhibition 
appeared to correlate more directly with antitumor activity. For this 
reason, it was decided to examine specific events in DNA synthesis. 
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Table 111-Zn Vitro Effect of Brusatol (0.005 mM) a n d  Bruceantin (0.015 mM) on Whole Cells and Homogenates of 10-Day P-388 
Lymphocytic Leukemia Cells ( n  = 5) 


Whole Cells Homogenized 
Control Brusatol" Bruceantin" Control BrusatolO Bruceantin" 


Thymidine incorporation into DNA 100&12 6 2 f 5 "  6 3 ~ k 7 ~  1 0 0 f 9  46 f 'ih 50 f 8h  
Uridine incorporation into RNA 1 0 0 f 1 5  5 6 f 7 b  6 8 f 9 '  1 0 0 f 8  55 f 5 h  - 
Leucine incorporation into protein 1 0 0 f 1 4  4 0 f 6 "  3 8 ~ k 5 ~  1 0 0 f 5  25 f 3h 33 f 4h 
Thymidine incorporation in presence of deoxyriboguanine, - - - - 1 0 0 f  11 8 6 f  10 


cytosine, and adenosine triphosphates 
Percent of control. * p = 0.001. c p = 0.005. 


Table IV-Zn Vitro Effects of Test Drugs on 10-Day P-388 Lymphocytic Leukemia Cell Metabolism of DBA/2 Mice at 0.015 M Final 
Concentration 


Percent Control 
Enzyme Assayed Control Bruceantin Brucein D Brucein E Bruceoside A Brusatol 


Thymidine kinase 
Thymidylate monophosphate kinase 
Thymidylate diphosphate kinase 
DNA polymerase 
Thymidylate synthetase 
Dihydrofolate reductase 
Deoxyrihonuclease 
Ribonuclease 
Cathepsin 
RNA polymerase 
Phosphoribosyl pyrophosphate aminotransferase 


100 f 5 
100 f 4 
1 0 0 f 5  
100 f 10 
100 f 6 
100 f 12 
100 f 3 
100 f 9 
100 f 21 
100 i 18 
100 f 8 


- - - 
- 102 f 5 97 f 5 
- 95 f 7 93 f 8 
- 105 f 17 88f 12 
- 103 f 10 99 f 13 
- 73 f 18b 75 f 15" 
- 81 f fid 42 f 4 
- 55 f 8d 63 f 7d 
- 6 f  3d 18 f 5 d  


- 83 f 15 
96 f 4 103 f 9 104 f 13 
- 


104 f 5 107 f 6 
105 f 11 106 rt 5 
9 8 f  7 97 f 4 
85 f 10 79 f 3" 
87 f 6 b  68 f 18: 
69 f 17e 64 f 11 


100 f 3 99 f 5 
96 f 9 73 f 6d 


7 f 6d 38 f 13d 
6 8 f  12b 88f  17 


61 f 7d 100 f 8 


p = 0.005. * p = 0.025. p = 0.010. p = 0.001. 


Whole cells harvested from 10-day P-388 lymphocytic leukemia- 
bearing mice and cells homogenized four times showed that brusatol a t  
0.005 mM and bruceantin a t  0.015 mM did not retard 14C-thymidine 
transport across the tumor membrane. In fact, both brusatol and bru- 
ceantin were more effective inhibitors of protein and DNA syntheses in 
homogenates (Table 111). Untreated 10-day P-388 lymphocytic leukemia 
cells demonstrated changes in absorbance of 0.500 optical density (O.D.) 
unit/min/mg of protein for thymidine kinase activity, of 0.489 O.D. 
unit/min/mg of protein for thymidylate monophosphate kinase activity, 
and of 0.566 O.D. unit/min/mg of protein for thymidylate diphosphate 
kinase activity. Compounds 11-V at 0.015 mM had no effect on the nu- 
cleotide kinases tested (Table IV). DNA polymerase activity for 10-day 
P-388 cells was 27,368 dpm/mg of nuclear protein. Brusatol caused 21% 
inhibition of polymerase activity. Thymidylate synthetase activity in 
10-day P-388 cells was 1,645,840 dpm/mg of protein, which brusatol re- 
duced 32%. Dihydrofolate reductase activity for 10-day P-388 cells was 
2192 O.D. units/hr/mg of protein. A t  0.015 mM, dihydrofolate reductase 
activity was reduced 27% by brucein D, 25% by brucein E, 31% by bru- 
ceoside A, and 36% by brusatol. At 0.005 mM, brusatol and methotrexate 
reduced dihydrofolate reductase activity by 28 and 59%, respectively. 


Hydrolytic enzymatic activity was not increased due to the drugs; 
therefore, increased hydrolytic activity of deoxyribonuclease, ribonu- 
clease, or cathepsin protease could not account for the reduction of ra- 
diolabeled precursors into macromolecules of P-388 cells. Deoxyribo- 
nuclease activity for 10-day cells was 1.718pg of DNA hydrolyzed/min/ 
mg of protein. Brucein D reduced the activity by 19% and brucein Ere-  
duced i t  by 58%. Ribonuclease activity for 10-day P-388 cells was 7.236 
pg of RNA hydrolyzed/min/mg of protein. Brucein D reduced the activity 
by 45%, brucein E by 37% and brusatol by 27%. Cathepsin activity for 
10-day P-388 cells was 65.7 pg of azocasein hydrolyzed/min/mg of protein, 
which was suppressed significantly by brusatol, bruceoside A, brucein 
D, and brucein E. 


I n  uitro messenger RNA polymerase activity also was measured in 
10-day P-388 cells and was 76,088 dpm/mg of protein. The presence of 
brucein E reduced RNA polymerase activity by 17%; bruceoside A and 
brusatol reduced it by 32 and 1270, respectively. Phosphoribosyl pyro- 
phosphate aminotransferase was inhibited by brusatol by 39%. 


In the in viuo experiments, DBA/2 mice were treated with brusatol and 
bruceoside A on Days 7,8, and 9 and the cells were harvested on Day 10. 
I4C-Thymidine incorporation into DNA for the control was 75,098 
dpm/mg of DNA, which was reduced 77% by brusatol and 48% by bru- 
ceoside A (Table V). 3H-Uridine incorporation into RNA for the control 
was 386,004 dpm/mg of RNA, which was reduced 68% by brusatol and 
55% by bruceoside A. I4C-Leucine incorporation for the control was 22,666 
dpm/mg of protein, which was reduced 86% by brusatol and 41% by 


bruceoside A. The number of tumor cells a t  Day 10 for the control was 
142 X 106 cells/ml, which was reduced 79% by brusatol and 65% by bru- 
ceoside A after 3 days of administration. 


Cyclic AMP in the control animals was 1.01 pmoles/106 P-388 cells. 
I n  uiuo brusatol treatment increased cyclic AMP to  12.69 pmoles/l06 
cells. A single dose of brusatol (100 pg/kg) on Day 10 increased cyclic 
AMP by 167% after 1 hr. Bruceoside A for 3 days increased cyclic AMP 
only to 2.74 pmoles/106 cells. Bruceantin caused an increase to 5.49 
pmoles of cyclic AMP/lOG cells. Histone phosphorylation by ATP for the 
10-day P-388 cells was 241 cpm/mg of protein, which was reduced 36% 
by brusatol. Nonhistone phosphorylation for the 10-day P-388 cells was 
6246 cpm/mg of protein, which was reduced 8% by brusatol. 


I4C-Formate incorporation into purine for the 10-day P-388 cells was 
19,807 dpm/mg of protein. Brusatol treatment reduced purine synthesis 
5070, whereas bruceoside A reduced it only 4%. Phosphoribosyl pyro- 
phosphate aminotransferase activity for the 10-day P-388 cells was 0.285 
O.D. unit/min/mg of protein, which was reduced 43% by brusatol. Car- 
bamyl phosphate synthetase activity for 10-day P-388 cells was 1.8 mg 
of carbamyl phosphate formed/hr/mg of protein, which was unaffected 
by brusatol. Aspartate carbamyl transferase activity for 10-day P-388 
cells was 44.4 mg of carbamyl aspartate formed/hr/mg of protein, which 
was reduced 7% by brusatol. 


I n  uiuo dihydrofolate reductase activity was reduced 30% by brusatol. 
Ribonucleotide reductase activity of 10-day P-388 cells was 517,053 
dpm/mg of protein, which was reduced 14% by brusatol. S-Adenosyl- 
L-methionine transferase activity of 10-day P-388 cells was 251 dpm/mg 
of protein, which was unaffected by brusatol. Purine and pyrimidine base 
concentration after 3 days of brusatol treatment was reduced 17%. I n  uitro 
incorporation of I4C-thymidine into DNA of 10-day P-388 cells in the 
presence of deoxyguanosine triphosphate, deoxyadenosine triphosphate, 
deoxycytidine triphosphate, and 0.005 M brusatol was inhibited only 14% 
(Table 111). I n  uiuo DNA polymerase activity was inhibited 16% by bru- 
satol. 


UV spectral studies demonstrated that brusatol had absorption peaks 
a t  219 and 279 nm. Bruceoside A had an absorption peak a t  270 nm. DNA 
had absorption peaks a t  260 and 220 nm. Deoxyguanosine monophos- 
phate had absorption peaks at 270 and 253 nm. Since these spectra 
overlapped, it was difficult to determine if binding occurred between 
nucleotides and drugs. However, when the drug was present, the ab- 
sorption was higher for DNA and for deoxyguanosine monophosphate 
than would be expected for two single species in solution. The areas under 
the curves indicated that a combination of brusatol and DNA resulted 
in a 29% higher absorption than the calculated absorbances of both 
species added together. Brusatol and deoxyguanosine monophosphate 
combinations resulted in a 40% higher absorbance than the calculated 
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Table V-In Vivo Effects of Brusatol and Bruceoside A on P-388 Lymphocytic Leukemia Cell Metabolism of DBA/2 Mice ( n  = 6) 


Percent Control 
Brutasol, Bruceoside A, 


Control 100 pg/kg/day 5 mg/kg/day 


32 f 11" 100 f I6 
I4C-Thymidine incorporation into DNA 100 f 17 23 f 150 52 f 7" 
:<H-Uridine incorporation into RNA 
I4C-Leucine incorporation into protein 100 f 26 14 f 2" 59 f 216 
Number of tumor cells X 106/ml 100 f 6 21 f 5" 35 f 9" 


y-"'P-Adenosine triphosphate incorporation into nonhistone proteins 
I4C-Formate incorporation into purines 
Phosphorihosyl pyrophosphate aminotransferase activity 100 f 12 57 f 11" 


Aspartate carbamyl transferase activity 100 f 5 93 f 16 - 
Dihydrofolate reductase activity 100 f 12 70 f 11' - 
Deoxynucleic acid polymerase activity 100 f 7 84 f 5' - 


S -  Adenosyl-L-methionine transferase activity 100 f 10 100 f 13 - 


45 f 10" 


271 f 2 "  


99 f 10 
96 f 24 


- 
3',5'-Cyclic adenosine monophosphate levels 100 f 8 1269 f 60: 
y-V-Adenosine triphosphate incorporation into histone proteins 64 f 17 


92 f 27 
50 f 12" 


100 f 20 
100 f 11 
100 f 10 


- 
- Carbamyl phosphate synthetase activity 100 f 7 107 f 6 


- Hibonucleotide reductase activity 100 f 5 86 f 3" 


Purine concentration 100 f 3 83 f 2" - 


0 = 0.001. * = 0.025 r p = n.oo5 


absorbances. With DNA and deoxyguanosine monophosphate, bru- 
ceoside A likewise showed 73 and 18% higher absorbances, respectively, 
than the calculated absorbances of both species added together. 


The Student t test was used to calculate the probable ( p )  significant 
difference in Tables 11-V. Data are expressed as percent of control of the 
average mean and standard deviation; n equals the number of animals 
per group. 


DISCUSSION 


The effects of five quassinoids on P-388 lymphocytic leukemia me- 
tabolism are diverse. Although bruceantin, brucein D, brucein E, bru- 
ceoside A, and brusatol cause drastic inhibition of protein and RNA 
synthesis of cultured P-388 leukemic cells, these effects could not be 
correlated directly with cell dcath. Of these agents. Liao et al. (3) observed 
that compounds that did not contain the quassinoid ester side chain 
caused less protein synthesis reduction in HeLa cells and rabhit reticu- 
locytes. These investigators postulated that the ester side chain at C-15 
was necessary for drug transport across the cell membrane. Studies with 
P-388 cells do not support this postulate; brucein D and brucein E both 
inhibited protein synthesis. Actually the P-388 tumor cell membrane 
appears to retard transport of brusatol and bruceantin into the cell. 


The inhibition of DNA synthesis showed the strongest correlation with 
antitumor activity in the P-388 lymphocytic leukemia survival system. 
DNA template activity, as observed through DNA polymerase activity, 
both in uitro and in uiuo and RNA polymerase activity in uitro were in- 
hibited marginally hy the quassinoids. The nucleotide UV spectral studies 
showed absorbance increases in the presence of brusatol or bruceoside 
A above the calculated absorbance of the two individual species in solu- 
tion, which may reflect partial or limited drug binding to the template 
and suppression of polymerase template activity. In uitro thymidylate 
synthetase inhihition correlated with antitumor activity for the quassi- 
noids. Dihydrofolate reductase also was inhibited marginally by the 
quassinoids, with brusatol having the most activity. However, brusatol 
was only one-half as active as methotrexate a t  the same concentration. 
The nucleotide kinases did not appear to be a site of metabolism inhibi- 
tion by the quassinoids. 


In  uiuo quassinoid effects on P-388 lymphocytic leukemia cells a t  Day 
10 were similar to the effects on DNA, RNA, and protein syntheses after 
3 days of dosing. Brusatol required a dose of 100 pg/kg/day to bring about 
the same magnitude of inhibition as an in uitro concentration of 0.015 
mM, whereas bruceoside A required a dose of 5 mg/kg/day. The in uiuo 
doses correlated positively with doses required for antineoplastic activity 
in the P-388 survival system. The observation that brusatol was more 
active in uiuo than bruceoside A raised the question whether brusatol is 
bioactivated in uiuo to the active species, which is not fully seen in the 
in uitro studies. 


Elevated cyclic AMP levels correlated with antineoplastic activity, 
brusatol > bruceantin > bruceoside A. Elevated levels of cyclic AMP 
reverse malignant states to a more normal cell (33,34) and are correlated 
with less phosphorylation of the regulatory H-1 histone fraction, thereby 
reducing cell proliferation (35). Brusatol treatment moderately reduced 
histone phosphorylation, whereas nonhistone phosphorylation was un- 
affected. Cancer cells are also known to have a high proteolytic activity 


on the membrane surface. The quassinoids effectively blocked P-388 
cathepsin proteolytic activity. Purine synthesis was significantly inhibited 
by brusatol hut not by hruceoside A. The regulatory enzyme of purine 
synthesis, phosphoribosyl pyrophosphate aminotransferase, was a major 
site of brusatol inhihition. The enzyme was less affected hy brusatol in 
uitro a t  0.015 mM, again possibly indicating in uiuo drug bioactiva- 
tion. 


Early steps in pyrimidine synthesis were not affected by brusatol. One 
carbon transfer from S-adenosyl-L-methionine also was unaffected by 
brusatol. Purine in the 1'-388 cells after 3 days of treatment also was re- 
duced. A drastic purine reduction was not seen, which may have been due 
to the salvage pathway of purine from already synthesized nucleic acid. 
When DNA polymerase was assayed in the presence of added triphos- 
phate deoxyribonucleotide, only marginal inhibition by brusatol in uitro 
was observed. One means of determining if the lack of purine for DNA 
synthesis was the prime factor in inhibition of 14C-thymidine incorpo- 
ration was to add nucleotide to the medium. In the presence of ample 
purine and pyrimidine, thymidine incorporation was inhibited only 14%, 
which probably reflects brusatol inhibition of DNA polymerase. Lack 
of purine would also explain the reduction in RNA synthesis. The re- 
duction of ribose to deoxyribose nucleotide also was marginally inhibited 
in brusatol. 


From these studies, it can be concluded that brusatol and bruceoside 
A have multiple sites of action on P-388 lymphocytic cells. Brusatol ap- 
peared to be more potent and effectively hlocked a number of metabolic 
sites necessary for nucleic acid synthesis. Quassinoid effects on protein 
synthesis are currently being investigated. Preliminary data support the 
observation of Fresno et al. (4) that the elongation process of protein 
synthesis is the site of brusatol and bruceoside A inhibition. 
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Abstract 0 Brusatol, a quassinoid with potent antineoplastic activity 
against P-388 lymphocytic leukemia cell proliferation, significantly in- 
hi bited P-388 cell hexokinase, phosphofructokinase, malic dehydroge- 
nase, and succinic dehydrogenase. Mitochondria1 oxidative phos- 
phorylation, basal, and adenosine diphosphate-stimulated respiration, 
utilizing succinate and cY-ketoglutarate as the substrate, was suppressed 
significantly by in uiuo treatment with brusatol. However, brusatol 
treatment had no effect on liver oxidative phosphorylation. Brusatol 
greatly increased P-388 cyclic AMP levels but had no effect on liver cyclic 
nucleotides. Similar inhibitory effects on P-388 cell oxidative phos- 
phorylation were found in vi t ro with brusatol, hruceoside A, and bru- 
ceantin. Brusatol had no effect on adenosine triphosphatase activity or 
on uncoupling of oxidative phosphorylation. Rather, brusatol appeared 
to increase the concentration of reduced mitochondria] electron-transport 
cofactors, thereby blocking aerobic respiration. A proposed mechanism 
of action is discussed. 


Keyphrases 0 Antineoplastic agents-hrusatol, bruceoside A, bru- 
ceantin, effect on cellular respiration of P-388 leukemia cells, in uiuo, in 
uitro 0 Quassinoids-antineoplastic activity, effect on cellular respiration 
of P-388 leukemia cells, in uiuo, in uitro 0 Leukemia, P-388-effect of 
quassinoids on cellular respiration, in uiuo. in uitro Cellular respira- 
tion-P-388 leukemia cells, effect of various quassinoids 


Numerous quassinoids have been isolated recently, e.g., 
bruceantin (I) from Brucea antidysenterica (l), bru- 
ceoside A (11) from Brucea jauanica (2), and its subsequent 
hydrolysis product brusatol(II1). All three agents are ac- 
tive in the P-388 lymphocytic leukemia survival system. 
Bruceantin has a TlC = 197 a t  1 mg/kg/day, bruceoside A 
has a T/C = 156 at 6 mg/kg/day, and brusatol has a T/C = 
158 at 125 pg/kg/day (3). At  a concentration of 0.015 mM, 
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Abstract A renewed application of potentiometric acid-base titrations 
is described, by which dissociation constants of practically water-insol- 
uhle drugs can be measured accurately. The method uses the difference 
i n  the amount of titrant hetween a suitable aqueous solvent and a solution 
of the drug in that solvent. Such potentiometric difference titrations were 
conducted on a 3.7 X M solution of chlorthalidone in 0.1 M aqueous 
KCI in the pH 3.5-10.6 range a t  25'. Nonlinear least-squares regression 
analysis was applied to the data. From four determinations, a value of 
9.24 f 0.02 (mean f S E M )  resulted for the apparent dissociation constant 
of the first chlorthalidone acid group. The thermodynamic dissociation 
constant was calculated a t  pKal = 9.35 (25') by using a correction for 
activity. 


Keyphrases Chlorthalidone-analysis, differential potentiometry, 
dissociation constants 0 Potentiometry, differential-analysis, chlor- 
thalidone dissociation constants, ibuprofen dissociation constant 0 
Ibuprofen-analysis, differential potentiometry, dissociation constant 


A drug's dissociation constant is an important parameter 
in pharmacokinetic and pharmacodynamic investigations. 
Once the pKa is known, the degree of compound disso- 
ciation at physiological pH is derived easily; and since only 
unionized molecules generally pass readily across biological 
membranes (l), predictions concerning the access to tissue 
sites of interest can be made. The pKa also has value in the 
estimation of the lipiphilicity of a compound from its 
partitioning between an organic solvent and water; if the 
pKa is known, true partition coefficients can be calculated 
from the apparent values a t  any arbitrary pH. 


BACKGROUND 


Chlorthalidone' (I) contains two weakly acidic groups: one sulfonamide 
and one oxoisoindolin (acid amide) moiety. Although the latter was not 
expected to contribute to drug dissociation at acid or neutral pH, the 
former could influence back-resorption of the drug in the renal tubules 
when pH 8 urine is produced. In this situation, a pH-dependent urinary 
excretion should become evident. This aspect gains quantitative im- 
portance because normally -70% of an available chlorthalidone dose is 
excreted unchanged in the urine (2): The present study was undertaken 
because no chlorthalidone pKa value was available from the litera- 
ture. 


' Hygroton, Ciha-Geigy, Basel, Switzerland. 


0 
I 


Various methods to determine acid and base dissociation constants 
are used. They were comprehensively evaluated by Albert and Serjeant 
(3). These authors stated that both potentiometry and UV spectropho- 
tometry produce accurate results, although the latter method is more 
laborious (3). 


One premise for a conventional potentiometric titration is that the 
weak acid or base concentration must be so high that the amount (if ti- 
trant needed to  titrate the solvent is negligible in comparison with the 
amount necessary to protonate or deprotonate the dissolved compound. 
This condition could not be fulfilled at present, because maximum 
chlorthalidone solubility in neutral aqueous solutions was reported as 
4 . 1 2  mg/ml(4), equivalent to 3.45 X M. In such a case, a difference 
titration can be conducted, provided that the amounts of strong acid and 
base, with which the solution of the compound with an unknown pKa and 
its blank (solvent alone) are titrated, are measured accurately. 


Moreover, the pH measurement must be of high precision and very 
reproducible. T o  meet this requirement, use was made of automatic po- 
tentiometric titration equipment containing a precisely operating, 
motor-driven microburet and a high-resolution digital voltmeter con- 
nected to a low-drift pH meter. The apparatus was used previously to 
determine pKa values and numbers of titratable groups of purified pro- 
teins (5,6).  


EXPERIMENTAL 


An aqueous solution of 0.1 M KCI served as the blank. A saturated 
chlorthalidone solution in this solvent was prepared by vigorously stirring 
-8 mg of the crystalline drug in 50 ml of solvent a t  room temperature 
overnight. After filtration, the concentration, determined in triplicate 
by GLC (7), was 125.2 f 0.7 pg/ml (mean f S D ) ,  equivalent to 3.695 X 


M. Aqueous hydrochloric acid and sodium hydroxide solutions, 
0.0604 M, were diluted by weighing with four volumes of distilled water 
and bubbled with nitrogen gas to remove carbon dioxide. 


The titrant was added stepwise, using a microburet*, a t  0.01 ml/min 
with an accuracy of f0.1%. The titrations were conducted on the chlor- 


Metrohm, Zurich, Switzerland. 
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Figure 1-Acid-base titration of the ticry slightly ulatw-soluble drug 
chlorthalidone by measurement of the diffcrencc in titrant bptuqeen 
samples with and without the substance. 


thalidone solution (4.00 ml) and on the solvent alone (4.00 ml), a t  25O and 
under nitrogen, in both directions of the pH 3.5-10.6 range. Two runs with 
hydrochloric acid (Experiments R and D) and twcr with sodium hydroxide 
(Experiments A and C )  were carried out. The actual pH ranges were 
:~.47-10.28inA,8.55-10.58inB,8.10-10.50inC,and6.61-10.45in D. A 
pH meter' in combination with a glass4 and a calomel" electrode was 
used. 


A high-resolution digital voltmeter6 was connected with the pH meter. 
The pH was measured 10 times after each addition of hydrochloric acid 
or sodium hydroxide, and the mean of these readings was taken. In this 
way, very reproducible values, including the third decimal figure, were 
obtained (8). Detailed descriptions of this automatic potentiometric 
equipment were puhlished (6.8).  To calibrate the pH meter, phthalate 
I)ul'fer (pH 4.008) and phosphate buffer (pH 6.865) were used. 


RESULTS AND DISCUSSION 


Typical titration curves are shown in Fig. 1. Equal volumes of 0.1 M 
KCI, with and without chlorthalidone, were titrated with dilute sodium 
hydroxide from pH 3.5 to 10.3. A larger numher of additions of alkali was 
needed to increase the pH of the drug solution in the region where the 
drug becomes deprotonated. The difference a t  each pH value between 
the numher of additions of the two titration runs clearly represents the 
quantity necessary for titration of the drug itself. When these differences 
are plotted versus the pH, a difference titration curve is obtained. For 
a weak acid, the titration curve oheys the familiar Henderson-Hasael- 
halch equation: 


R 
pH = pKa' + log- (Eq. 1)  


1 - 0  


where (Y represents the degree of acid group dissociation and pKa' is its 
apparent dissnciation constant, which becomes equal to the thermody- 


:' Type PHM 26, Radiometer. Copenhngen, Denmark. ' Type C202R, Radiometer, Copenhagen. Denmark. 
Type K401. Radiometer, Copenhagen. Denmark. 
Type LM 1867, Solartron. Peekel, Rotterdam, The Netherlands. 


Table I-Superiority of Computer Fits of Difference Titration 
Curves of Chlorthalidone when the Dissociation of Two Weak 
Acid Grouos Instead of One Is Included 


One Titratable 
Group 


Involved in Curve 
Experi- Involved in Curve Fitting Fitting 


Two Titratable Groups 


merit pKa; A1 k3 yZ PKa; A1 x z  
A 9.228 
n 9.287 c 9.210 
I) 9.235 
Mean f 9.24 f 0.02 


SEM 
( n  = 4) 


12.15 10.94 12.6 9.35 14.43 96.6 
12.33 11.11 14.3 9.56 14.16 210 
13.27 11.55 8.1 9.27 14.17 67.5 
12.67 11.95 6.1 9.26 12.96 11.1 


a pKa; = apparent first dissociation constant. A I = total amount of hase at first 
titration end-point. kz = oplimally fixed value for the dissociation of the second 
acid group. and x 2  = sum of weighed squared deviations ofthe experimental data 
I r c m  the litted curve. The x2 (5%) value. the tabulated level ofsignificance at p = 
0.05. was 39.44,40, and 37 in Experiments A, B, C. and D. respectively. The ther- 
mudynamic dissociation constant, pKa,. is lar er than the Ka; by afactor of 0.11 
due (0 the wntrihution of activity coefficients. 'fherefore, p t a l  = 9.35 i 0.02 (mean 
f SEM). 


namic dissociation constant, pKa, a t  infinite dilution. At higher ionic 
strength, the following relationship is valid: 


YA- pKa = pKa' - log - 
YHA 


(Eq. 2) 


in which yA- and yHA are the activity coefficients of the ionized and 
unionized forms of the acid, respectively. The activity coefficients can 
he calculated according to the Debye-Huckel equation (3); for log 
yA-lyHA, a value of -0.11 was obtained. By using this correction, the 
pKal is readily obtained if the experimental pKa; value is known, 


When a strong base is added, an equivalent amount of protons is lost 
hy the weak acid. Then N can he written as N = Z/A,  where Z represents 
the amount of strong base added a t  any moment of the titration and A 
is the amount added a t  the titration end-point. Polyacid titration pro- 
duces the relation: 


(Eq. 3 )  


where i denotes the identity of a specific weak acid group and n is the total 
numher of classes of weak acid groups. 


Chlorthalidone contains two acidic moieties, one sulfonamide and one 
oxoisoindolin group, potentially dissociating in the pH range under study. 
Therefore, A 1 = A2 and 


Z = A I  (6x1 + ( ~ 2 )  (Eq. 4) 


Z = A l (  1 + 10pH-~Ka,  + 1 + 10pH-pKaz ) (Eq. 5) 


The titration data were analyzed by means of a nonlinear least-squares 
regression analysis program7. In every curve-fitting procedure, the correct 
assignment of independent and dependent variables is essential t o  ob- 
taining unbiased estimates of the unknown parameters (9). The pH was 
chosen as the independent variable, because its measurement was highly 
reproducible (see Experimental), such that there existed, apart from a 
potential calibration error that could influence only the absolute pH scale, 
a very small error within each experiment. For the dependent variable 
Z, a constant error of 0.1, expressed as additions of strong base, was taken 
since this value was the read-off uncertainty of the differences between 
titration curves of the chlorthalidone solution and the blank (Fig. 1). 


A t  first, the data points were fitted according to the first term of Eq. 
5 only, with the assumption that the dissociation of the second acid group 
was negligible (if pH << pKa2, the second term approximates zero). Much 
better fits were obtained when the second term also was considered. For 
this purpose, the value for pKa; was not left free in the least-squares re- 
gression analysis, because too few data points were available in the high 
pH region, only up to pH 10.6, which would introduce large errors in the 
estimates of the other parameters, A 1 and pKa;. Preset values of pKa; 
were systemically changed until the minimum of the sum of weighed 


By applying Eq. 1, one can write: 
IOpH-pKa, 1 opH- pK.% 


Formfit, a digital computer program in use at the Computer Center of the 
llniversity of Nijmegen. Details are available upon request. 
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Figure 2--Comput~-fitfsd di//woncc fitration curue of chhrthalidonr. 
From /our eflrrimcnfs, fhc. /olloriin# c2sfimatrs rrsulfed for pKa;: 9.228 
( A ) ,  9.287 ( R ) .  9.210 ( ( ' ) , a n d  9.2X5 ( I ) ) ,y ic ld inga mean apparent dis- 
sociation constnnf o/ 9.2.1 f 0.02 (*sEM) at 0 . 1  ionic strength and 
25" .  


squared deviations was I'ound. 'I'ht, results o f  these calculations are in- 
cluded in 'I'ahle I (pK& has hcen denoted k 2 ) .  


For At, the best estimate was sought by the fitting procedure. When 
this parameter was fixed at its t heorrtically calculated value (12.24 ad- 
ditions of strong hase). i t  inl'luenccd the pKa; estimate, with possible 
errors in the concentration and pipetted volume of the chlorthalidone 
solut.ion and i t )  the normality and volume of  the titrant. 


Figure 2 shows a typical difference titration curve, fitted according to 
Eq. S (at fixed optimal pKa, values). 'The decision in favor of such a fit 
over that based on ionization of only one acid group was made using 
several criteria: ( a )  visual plot inspection, ( h )  symmetry of the residuals 
around the fitted curves. and ( c )  calculation of the sum of weighed 
squared residuals (as x'). 'I'ahle 1 compares the x' values for both pro- 
cedures and indicates the superiority of curve fitting arcording to two 
titratable groups in all I'our experiments. In addition, the scatter of the 
pKa; estimates in the left part is much smaller than that in the right part. 
Also, the A I estimates at the left correspond better with the value cal- 
culated on the hasis ol' total chlorthalidone in the titration vessel 
(equivalent to  13.24 additions of strong hase), indicating that actually 
one proton-donor group was dissociated completely a t  this stage. 


The variance of the four pKa; estimates exceeds the within-experiment 
error (the computer-estimated relative errors ranged from 0.0 to 0.1%). 
This finding points t o  minor systematic differences between the four 
experiments cai~sed, for example, by the pH meter calibration. However, 
the differences are small enough that the pKa; (25") = 9.24 f 0.02 (mean 


f SEM) can be treated as a reliable operational ionization constant, 
suitable for use as a physicochemical parameter in pharmacological 
studies. When the correction for ionic strength is carried out with Eq. 2, 
the thermodynamic dissociation constant is calculated at pKa = 9.:35 
(25"). 


Determination of very slightly water-solut)le drug dissociation con- 
stants appears to he convenient and reproducible by the method de- 
scribed, and no corrections for titrant consumption hy the solvent are 
needed. The technique was applied also to the analgesic ibuprofenx in 
the laboratory ( lo) ,  indicating that potentiometric difference titrations 
can he conducted in a wide area of' pharmaceutical substances. 
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ON STAYING COMPETENT 


As this editorial is being written, the teams in the “biggee” of American 
professional football-the National Football League-are in the process 
of making the final cuts in their rosters of players to meet the numerical 
limit permitted each team for the playing season. Consequently, the sports 
pages of the daily newspapers duly report the lists of names, many of whom 
were recent star players, who were given their termination notices in the 
cut-downs of the previous day. 


As we read about the fate of one particular well-known place-kicker, 
we were reminded of the maxim that “staying is harder than getting there!” 
How true! 


All of this has avery important lesson for pharmacy, pharmacists, and 
pharmaceutical scientists. As students, all of us worked hard to acquire 
the knowledge necessary to qualify for graduation and attain the academic 
degrees for which we were striving. Finally, one day we “arrived” and then 
joined the ranks of the professionally employed. 


But rather than signaling the end of books, lectures, and learning, we 
found that this was just a transition to journals, short courses, and con- 
tinuing education. Or, a t  least that is what we should have discovered if 
we did not want to become rapidly obsolete because our personal knowl- 
edge stood still while science and the world moved onward. 


The American Pharmaceutical Association has long recognized this fact 
of life, and that explains why the Association has continually devoted so 
much of its efforts and resources to providing professional journals, 
technical book publications, and educational meeting programs. In recent 
years, this APhA activity has greatly expanded and become more spe- 
cialized and sophisticated by offering various workshops, seminars, and 
short courses uia its subdivisions, the Academy of Pharmacy Practice and 
the Academy of Pharmaceutical Sciences. 


But, as in all other things in life, there must be some guidelines and di- 
rections as to what such programs should include or cover if they are to 
fulfill their objectives in a reasonably effective manner. In turn, this re- 
quires that  we know the educational needs of those we seek to assist. 


The American Association of Colleges of Pharmacy had similar concerns. 
Although the primary emphasis of the AACP and its member schools is 
the training of students to enter the profession, they shared with APhA 
the belief that there is an obligation to look after the ongoing educational 
needs of practitioners out in the field. 


Out of this mutual recognition came the undertaking of a joint APhA/ 
AACP Continuing Competency in Pharmacy Project. This project has 
been underway for over six years and a high point was reached during this 
past year with the release of a document entitled the National Study of 
the Practice of Pharmacy and the subsequent publication of “Standards 
of Practice” for the profession. These so-called “standards” simply reflect 
accepted, contemporary, high-level professionalism. They provide a ref- 
erence point or bench mark for those out in the field to use as a basis to 
compare their own knowledge and performance, to identify any defi- 
ciencies, and then to move forward in filling any such gaps. 


Both APhA and AACP have been pleased with the generally posi- 
tive-indeed, enthusiastic-reception from educators, practitioners, and 
scientists that has been accorded the Continuing Competency Project. But 
recently, there has been a dissenting voice from one pharmacy organiza- 
tion. Its president said he “cannot understand the rush,” and that com- 
petency is not “a burning issue.’’ 


But in his speech he went on to clarify that timing was neither his only 
nor his fundamental objection. Rather, he questioned the basic concept 
that there is a need for professional accountability. He stated that, “I 
dislike the idea of being accountable for my competency.” The thrust of 
the speech was that each pharmacist has his or her own personal standards 
and that should be sufficient for the purpose. 


There is no question but that the belief among either practitioners or 
scientists that “we are competent because we say we are competent” has 
appeal. Certainly, it is a very comfortable posture to take. 


Correspondingly, most of those battle-scarred football veterans who 
got cut from their team rosters this fall also had the supreme confidence 
of self-made achievers. But that wasn’t sufficient for a public that wants 
the best performance for its money. Professional competency, just like 
athletic skill, requires constant and continual attention to maintain it at 
peak performance. Staying is indeed harder than getting there! -EGF 
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Abstract 0 The transport rates and permeability coefficients for the 
transport of sarin in solution across both hydrous and anhydrous excised 
human skin were determined quantitatively. An activation energy was 
determined from study of the temperature influence on the transport 
of sarin in solution across anhydrous callus membranes. The transport 
of pure sarin and of sarin as a water-soluble and water-insoluble gel was 
studied also. The adsorption characteristics of sarin on powdered keratin 
were studied to determine their role in permeation. Both equilibrium and 
nonequilibrium measurements were made, which allowed calculation of 
the heat of adsorption, the heat of activation for adsorption, and the heat 
of activation for desorption. The results show that interaction between 
the membrane and penetrant plays a significant role in sarin transport 
across human skin. 


Keyphrases Sarin-transport across excised human skin, hydrous, 
anhydrous, temperature influence, activation energy, adsorption and 
desorption, powdered keratin, permeability 0 Cholinesterase inhibi- 
tors-sarin, transport across excised human skin, permeability, ad- 
sorption o Transepidermal transport-sarin, excised human skin, per- 
meability, adsorption 


Diffusion of various penetrants through the stratum 
corneum has been studied for years; however, few inves- 
tigators have considered the effects of adsorption and 
desorption of the penetrant by the membrane on trans- 
port. 


The purpose of this study was to elucidate some factors 
involved in the diffusion of the nerve gas, sarinl, across 
excised human skin membranes. The role of physical ad- 
sorption in transport also was studied for both equilibrium 
and nonequilibrium conditions. 


THEORETICAL 


For the permeability studies, it was assumed that a diffusion process 
occurs and that the entire exposed area of the membrane participates. 
For the solution phase studies, diffusion can be represented by: 


log (Co - 2Cz) = (-2k/2.303)t + log Co (Eq. 1) 


where Co is the initial solute concentration to which the barrier is exposed; 
C Z  is the concentration at  time, t, on the opposite side of the barrier in 
the permeability cell ( 1 ) ;  and k is the permeability coefficient. The per- 
meability cell shown in Fig. l a  was used. 


In studying the transport rate of pure sarin and of sarin in the gelled 
state, it was not experimentally practical to have the same volume of 
diffusing medium on each side of the barrier. Therefore, the permeability 
cells shown in Figs. l b  and lc were used. 


To examine the effect of sarin adsorption by keratin on diffusion, both 
adsorption and desorption were studied. It was assumed that the solvent 
and adsorbate do not compete for the same adsorption sites. Since ad- 
sorption may be considered to be a reversible equilibrium process: 


(Eq. 2)  K = kn - Cpowder 


where K is the equilibrium constant; k,  and kd are the specific rate 
constants for adsorption and desorption, respectively; Cpowder is the 
milligrams adsorbed per milliliter; and Cbulk is the milligrams per milli- 
liter remaining in the bulk solution after equilibration. At temperatures 


kd Cbulk 


~~~ 


Isopropoxymethylphosphoryl fluoridate. 


T I  and Tz, for equal adsorbent weights and equal bulk solution vol- 
umes: 


(Eq. 3) Kz - x2 
Ki  Xi 


where K I  and K P  are the equilibrium constants, and XI and Xz are the 
amounts adsorbed at temperatures T1 and Tz. From the integrated form 
of the van’t Hoff equation: 


(Eq. 4)  


and the difference in the amount of adsorbate adsorbed at  two temper- 
atures, it is possible to calculate the heat of adsorption for a relatively 
small temperature range. In addition: 


k, = Ae-Hf IRT (Eq. 5) 


kd = Ae-H.(fRT (Eq. 6) 


where HZ is the heat of activation for adsorption, H :  is the heat of acti- 
vation for desorption, A is the frequency factor, and the remaining terms 
are as defined earlier. Then: 


(Eq. 7) 


Thus: 


AH, = H :  - H$ (Eq. 8) 


When desorption is first order and with the assumptions that, upon 
desorption, the adsorbate does not return to the adsorbent surface and 


Front View 


a 


4 B1 7 


End View Slide 
Without glass 


b C 


Figure I-Permeability cell for solution phase (a), for gel phase (b), 
and for pure penetrant (c). Key: 1 ,  slide device; 2, membrane; 3, slide 
slot;4, aluminum chassis; 5, glass chamber; 6, glass stopper; 7, slide or- 
ifice; 8, aluminum disk; 9, cavity forgel; 10, threaded port; 11 ,  tapered 
pin; 12, tapered port; 13, cavity for pure penetrant; and 14, stainless 
steel disk. 
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Table I-Average Transport Rates and Average Permeability 
Coefficients for Solution Phase ExDeriments 


Permeability 
Transport Rate, Coefficient, 


Experiment mg/cm2/hr k x 1 0 4 h  


Callus, anhydrous 0.05 2.81 
Callus, hydrous 0.21 13.10 
Stratum corneum conjunctum, 0.21 19.45 


Stratum corneum conjunctum, hydrous 0.49 28.77 
anhydrous 


the volume of desorbing solvent remains constant, it can be shown that 
(2): 


X e  - kdT log- - - X, - X  2.303 (Eq. 9) 


where X, is the equilibrium amount of adsorbate in solution and X is the 
amount in solution at time t. The determination of k d  at  various tem- 
peratures then permits calculation of Iff. 


EXPERIMENTAL 


Permeability Apparatus-The design of the permeability cell de- 
pended on whether the donor chamber contained a dilute solution, a 
concentrated gel, or pure sarin (Fig. 1). 


Membrane Preparation-Callus membranes were sectioned from 
excised human callus to a 100-pm thickness. The stratum corneum 
conjunctum membranes were obtained by the well-known technique of 
stripping the human forearm2. The thickness of these membranes was 
10-15 em. Both the callus and the stratum corneum conjunctum mem- 
branes were stored first in ether followed by n-heptane, each for 24 hr. 
In the hydrous studies, the membranes were stored in a 100% relative 
humidity chamber for 24 hr prior to use. 


The membranes were fixed in the slide of the permeability cell, and 
a small amount of silicone grease was employed to ensure a good seal. The 
areas exposed for the callus and the stratum corneum conjunctum 
membranes were 0.28 and 0.07 cm2, respectively (6- and 3-mm ori- 
fices). 


Gel Preparation-A water-insoluble sarin gel was prepared by 
making an 8% (w/v) solution of polymethyl methacrylate (mol. wt. 1.776 


4.01 
9 


3.1 3.2 3.3 
1 


Figure 2-Arrhenius plot for transport of sarin through callus mem- 
branes at  25,35,40, and 45'. 


7 x 1 0 3  


2 Scotch Brand No. 600 tape, 3M Corp., St. Paul, MN 55100. 


Table 11-Average Transport Rates of Sarin across Callus 
Tissue Membranes for  Various Systems 


Transport Rate, 
Experimental Condition ma/cm%r 


Sarin in n-heptane, anhydrous membrane 
Pure sarin, anhydrous membrane 
8% Polymethyl methacrylate gel, anhydrous 


3% Carboxypolymethylene gel, anhydrous 
membrane 


membrane 


0.03 
0.60 
0.49 


0.55 


8% Polymethyl methacrylate el, hydrous membrane 1.1 
3% Carboxypolymethylene gef, hydrous membrane 


X lo6) in a 20-ml glass hypodermic syringe. The metal tip was threaded 
and sealed with a screw. The syringe was placed in a suitable container, 
sealed, immersed in a water bath at  25', and shaken vigorously for 24 hr 
or until a uniform gel was produced. 


A water-soluble gel was prepared similarly by making a 3% (w/v) so- 
lution of carb~xypolymethylene~. 


Permeability Studies-For the solution phase studies, the perme- 
ability cell and slide were completely assembled. Then 50 ml of an n- 
heptane solution containing 7.8 X M sarin, at the appropriate 
temperature, was placed in the donor chamber with the simultaneous 
addition of an equal volume of pure n-heptane in the receiver chamber. 
n-Heptane was dried by storage over anhydrous sodium sulfate. For the 
hydrous studies, the n-heptane was saturated with water a t  the appro- 
priate temperature before the sarin solution in n-heptane was made. 
Water-saturated n-heptane also was used in the receiver chamber. 


The permeability cells were maintained in a constant-temperature 
water bath with gentle shaking in the plane of the membrane. The 
transport rate was followed by withdrawing 1-ml samples from the re- 
ceiver chamber at suitable times and analyzing for sarin. In the activation 
energy determination for the transport through anhydrous callus mem- 
branes, the rate was followed beginning with the lowest temperature (25') 
and ending with the highest temperature (45'). The same set of mem- 
branes was used a t  all temperatures. 


For the gel phase studies, 0.6 ml of the gel was placed on the membrane 
with a syringe through the threaded port on the side of the aluminum disk 
in cell-type Ib. The cavity was sealed with the set screw. Fifty milliliters 
of n-heptane was added immediately to the receiver chamber. An iden- 
tical procedure for the pure penetrant studies was utiiized, except that 


2.76 


I 


25 60 
HOURS 


Figure 3-Sarin transport across callus membranes a t  25'. Key: 0, 
solution, anhydrous; 0, polymethyl methacrylate gel, anhydrous; A, 
carborypolymethylene gel, anhydrous; 0,  pure anhydrous; 0, poly- 
methyl methacrylate gel, hydrous; and A, carboxypolymethylene gel, 
hydrous. 
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Figure 4-Isotherm for sarin adsorption by powdered callus at 25'. 


sarin was injected from a syringe through the tapered part a t  the top of 
the aluminum disk in cell-type lc. All gel and pure penetrant experiments 
were performed on the same set of membranes. Solution phase transport 
rates were then redetermined using a 7.74 X M sarin solution in 
anhydrous n-heptane. 


Assay-The analytical procedure (3) employed to determine the sarin 
concentration in n-heptane was as follows. One-milliliter samples were 
placed in a separator and the following solutions were added at the in- 
dicated time intervals: first, 2 ml of 0.625% (w/v) o-dianisidine in acetone; 
after 30 sec, 1 ml of 3% (w/v) hydrogen peroxide; after 1 min, 3 ml of 0.1 
M tribasic sodium phosphate in redistilled water; and after 30 sec, 10 ml 
of xylene was added. 


The mixture was shaken for 30 sec, and the xylene layer became yellow. 
After separation of the layers, the aqueous layer was removed, and the 
xylene layer was analyzed at  425 nm. The absorbance was directly pro- 
portional to the sarin concentration. The o-dianisidine was purified be- 
fore use (4). 


Adsorbent-Anhydrous excised callus tissue was pulverized in a 
blender' with the aid of dry ice. The dried powder that passed through 
a No. 170 standard sieve but was retained on a No. 200 sieve was used. 
The average particle size also was determined6. The powdered callus was 
extracted with anhydrous ether for 48 hr and then dried before use. 


Adsorption Isotherm-A weighed quantity of the adsorbent was 
placed in a 50-ml volumetric flask, and 25 ml of a known sarin concen- 
tration in anhydrous n-heptane was added. The suspension was shaken 
in a constant-temperature bath at 25' for 3 hr. Under the conditions of 
these experiments, it was established previously that equilibrium was 
attained within this period. After equilibration, three 1-ml samples were 
withdrawn from the flask and filtered through glass wool in tubin$ at- 
tached to the tip of the pipet. 


The sarin Concentration was determined by the analytical procedure 
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Figure 5-Arrhenius plot of qarin adsorbed at  25,35, and 45' by pow- 
dered callus. Initial sarin concentration was 44 mglliter. 
~ ~~~ 


4 Waring Products Corp., Winsted, CT 06098. 
6 Subsieve sizer, Fisher Scientific Co., Pittsburgh, PA 15219. 
6 Tygon, Norton Plastics and Synthetics Division, Akron, OH 44309. 
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Figure 6-Corrected desorption isotherms for sarin desorption from 
powdered callus at 25,35, and 45'. Key: 0, 0,25'; A, A, 35O; and 0 ,  m, 
45'. 


described earlier, and the average value for three samples was used in the 
calculations. The amount of sarin adsorbed per gram of powdered callus 
was calculated from the change in the bulk solution concentration. This 
procedure was repeated using weighed quantities of adsorbent and var- 
ious concentrations of sarin in n-heptane. 


Adsorption and Desorption Kinetics-To determine the heat of 
adsorption, equilibrium measurements of the amount of sarin adsorbed 
per gram of adsorbent were made at 25,35, and 45'. After equilibration, 
the desorption rate was followed at  each temperature. A known weight 
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Figure 'I-First-order plots for sarin desorption from powdered callus 
a t  25,35, and 45". Key: 0,25'; m, 35'; and A, 45'. 
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Figure 8-Arrhenius plot for sarin desorption from powdered callus 
at 25,35, and 45'. 


(-20 g) of ether-extracted powdered callus was placed in a 100-ml 
round-bottom glass-stoppered flask. Fifty milliliters of a known con- 
centration (-44 mgfliter) of sarin in n-heptane was added. The flask was 
maintained at  the appropriate temperature in a water bath and was 
shaken vigorously. Equilibrium measurements were made as described 
previously. 


After adsorption was complete, the insoluble powdered callus was 
filtered out with a sintered-glass filter and washed on the filter with 50 
ml of n-heptane using minimum vacuum. The powder was placed in 50 
ml of n-heptane and maintained at the appropriate temperature during 
shaking. The desorption process was followed by withdrawing 1-ml 
samples periodically and assaying them for sarin. This procedure was 
repeated for each temperature. 


RESULTS 


Solution Phase Permeability-Average permeability constants and 
transport rates are shown in Table I. Each is the mean of 18-35 mem- 
branes for each solution system. 


Activation Energy-Sarin transport through the same callus mem- 
branes was followed at temperatures of 25,35,40, and 45'. The activation 
e n e r a  calculated from the slope of the Arrhenius plot shown in Fig. 2 
is 29:i kcal/mol. 


Gel Phase and Pure  Sarin Permeability-The average sarin 
transport rates through callus membranes for each experimentla1 series 
are given in Table 11. Representative, but not averaged, plots of con- 
centration versus time are shown in Fig. 3 on common coordinates. 


Adsorption Studies-The isotherm for sarin adsorption by powdered 
callus a t  25' is shown in Fig. 4. An Arrhenius-type plot of the sarin ad- 
sorbed a t  different temperatures from a solution with an initial sarin 
colicentration of 44 mgfliter is given in Fig. 5. The heat of adsorption 
(AH,) calculated from the slope was -7.2 kcal/mole. The average particle 


size a t  a porosity of 0.50 was 14 pm. 
Desorption Studies-The corrected desorption isotherms are shown 


in Fig, 6. Data obtained from the desorption isotherm curves in Fig. 6 were 
utilized to obtain plots of log [X , / (X ,  - X ) ]  versus time (Fig. 7). The rate 
constants for desorption calculated from the slopes were 4.5 X (25O), 
6.75 x 10-2 (35O), and 11.5 X (45O) min-l. The heat of activation 
for desorption (Hd) calculated from the Arrhenius plot (Fig. 8) is 9.6 
kcal/mole. Thus, according to Eq. 9, the heat of activation for adsorption 
is 2.4 kcal/mole. 


DISCUSSION 


Hydration increased the sarin transport rate in solution for both 
stratum corneum conjunctum and callus membranes. With the callus 
membranes, a four- to fivefold increase was found; with the stratum 
comeum conjunctum membranes, the rate increased -1.5 times. The fact 
that hydration enhanced the transport rate agrees with previous studies 
(5-10). From Table I, it can be seen that the transport rate of sarin a c r m  
stratum corneum conjunctum membranes was faster than that across 
callus membranes, and the difference in rate was in accordance with the 
difference in thickness of the two membranes. This result suggests that 
the two types of membranes have similar barrier properties. 


Since sarin transport in solution followed the discussed mathematical 
models for diffusion, the results suggest that a diffusion proceas is largely 
responsible for sarin penetration through these membranes. This result, 
along with the high activation energy for transport, strongly supports the 
theory of transepidermal penetration. If the permeability mechanism 
were largely the transport of the penetrant uia diffusional pores, a much 
lower value for the activation energy would be characteristic of such a 
process. The high value for the transport activation energy also suggests 
that the penetrant and the membrane may interact strongly. 
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Abstract  Inclusion complexation of 16,16-dimethyl-tr~n.s -AL-pros- 
taglandin El methyl ester ( I ) ,  which is ef'f'ective in early pregnancy ter- 
mination, with cyclodextrins in water was ascertained by a solubility 
study. A solid complex of I-P-cyclodextrin in a 1:2 molar ratio was oh- 
tained, and its dissolution behavior and chemical stahility were examined. 
The results indicated that the complex may have great utility as a rapidly 
dissolving form of I with prolonged storage time. 


Keyphrases 0 Prostaglandin El derivatives-cyclodextrin complexa- 
tion, dissolution, stability Cyclodextrin--complexation with prosta- 
glandin El, dissolution, stahility 0 Complexation-prostaglandin El with 
cyclodextrin, dissolution, stability 


Some naturally occurring prostaglandins such as pros- 
taglandins El, EZ, and F2,, (dinoprost) have clinical ap- 
plications (1). 16,16-Dimethyl-trans-AZ-prostaglandin El 
methyl ester' (I), a prostaglandin El derivative, induced 
uterine contraction in rats with an efficacy 10 times that 
of prostaglandin FzCr (2, 3). This compound is more ac- 
ceptable for early pregnancy termination than prosta- 
glandin FYcr because it produces fewer side effects. How- 
ever, the solubility and chemical instability of the pros- 
taglandins, including I,  in aqueous solution have limited 
dosage form development and resulted in a substantial 
challenge to the pharmaceutical scientist. 


Cyclodextrins form inclusion complexes with various 
drug molecules (4-8). Since I is essentially a methyl ester 
of long chain unsaturated fatty acids, the relatively hy- 
drophobic cyclodextrin cavity is expected to  attract I as 
an adequate guest molecule (9-11). Thus, the present 
study dealt with inclusion complexation of I with ( Y -  and 
0-cyclodextrins in anticipation of improved solubilization 
and stabilization of I. 


EXPERIMENTAL 


Materials-Compound I ' ,  cu-cyclodextrin*, and P-cyclodextrin2 were 
used as supplied. All other materials and solvents were analytical reagent 
grade. Deionized, double-distilled water was used. 


Solubility and Dissolution Studies-Solubility measurement and 
analytical methods for I were essentially those reported previously (9). 


Table I-Thermal Stabilities of I and  Its @-Cyclodextrin 
Complex at 60" 


Decomposition of I,  % 
1 3 8 14 


Compound Day Days Days Days 


I 2.2 8.8 30.2 54.0 
Complex 0.1 O..i 2.5 4.0 


I 9-0x0-1 lcr,1S~r-dihydn~xy-16,16-dimethyl-2-tron~.1R-~r~~~-prostadienoic acid 
methyl ester (ONO-802). Supplied by Ono Pharmaceutical Co. Ltd., Osaka. 
.la an 


!Teijin Ltd., Tokyo, Japan. 


0 


AH 
I 


The dissolution hehaviors of I and its 13-cyclodextrin complex in water 
were compared at  the same I concentration according to the dispersed 
amount method (12). A 120-mg sample of' a I-fi-cyclodextrin complex 
as a 100-200-mesh powder was weighed and put in a dissolution cell. 
Brcause I is a viscous nil, an ether solution containing 18 mg of I was 
placed in the dissolution cell and evaporated to dryness. The dissolution 
medium (25 ml) was maintained a t  25' and stirred at 93 rpm. At an ap- 
propriate interval, 0 3  ml of solution was sampled by a pipet with a cotton 
filter. The assay procedure for I was the same as that used in the solubility 
study (9). 


Stability Studies-Stability tests for I and its P-cyclodextrin complex 
were conducted a t  60' in a moisture-free environment. Intact I was 
quantitatively determined by high-performance liquid chromatography 
(HPLC). The liquid chromatograph? ('20-cm column4) was operated a t  
a flow rate of' 0.5 ml/min, and the mobile phase consisted of acetoni- 
trile-methanol-water (2:83). Under these conditions, the disappearance 
of the I peak was followed by a IJV detector5 a t  215 nm. 


6 k  


CYCLODEXTRIN ADDED, X 1O'M 


Figure l-b'o/ubility of I as a function of cyclodextrin concentration 
in water  at 25". Key:  0, tu-cyclodewtrin; and 8, P-cyclodextrin. 
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Figure 2-Dissolution behavior of I (0) and its 0-cyclodrxtrin compltx 
( 0 )  at the same I concentration in u i a t ~ r  at 25'. 


RESULTS AND DISCUSSION 


The equilibrium phase solubility diagrams obtained for I with (Y- and 
D-cyclodextrins in water are shown in Fig. 1. In both of these systems, the 
solubility of I increased following cyckdextrin addition, and the solubility 
curves of N- and D-cyclodextrins can be generally classified as types A,, 
and B, (131, respectively. According to Higuchi and Kristiansen (14), the 
stability constants for 1:l (SI,) and 1:2 (SL2) complexes (S = I ,  and L = 
cyclodextrin) were calculated from ascending positive curvatures in Fig. 
1 .  The stability constants for a- (KI , I  = 820 M-I ,  and Kl.2 = 260 A 4 - I )  
and 8- ( K I : ~  = 1600 M-I, and K 1 : 2  = 370 b4-I) cyclodextrin complexes 
were obtained. 


The D-cyclodextrin system deposited a crystalline complex of I- 
D-cyclodextrin (1:2) at high D-cyclodextrin concentrations. Stoichiometry 
based on the data in the plateau region (13) in Fig. 1 was in good agree- 
ment with that obtained by isolation and analysis of the crystalline 
complex. In sharp contrast, the a-cyclodextrin system did not give any 
solid complex, a smaller cavity size apparently allowing little penetration 
of the bulky guest molecule. 


The dissolution behavior and chemical stability of the isolated 0-cy- 
clodextrin complex were examined. The dissolution rate of the complex 


in powder was extremely large compared with that of I in water (Fig. 2), 
indicating an improved bioavailability. As shown in Table 1, the de- 
composition of I was significantly retarded by inclusion complex for- 
mation. Thus, the increased dissolution rate, together with improved 
chemical stability, suggested that the 0-cyclodextrin-I complex may have 
great utility in the development of fast dissolving dosage forms with 
prolonged storage time. 


Furthermore, thermal gravimetric analysis6 showed that the volatility 
of I was extremely depressed by binding to 0-cyclodextrin. The crystal- 
linity of the complex should facilitate drug formulation, which is difficult 
with uncomplexed I because it occurs as a viscous oil. 
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OPEN FORUM 


Identical Bioequivalence? 


It has been heard, with increasing frequency, from some 
professional pharmacists and academicians that decisions regarding 
bioequivalence between “identical” products will be impossible for a 
pharmacist to make until strict regulatory guidelines are developed. 
This “cookbook” approach to bioequivalency seems to me to  be 
irrational a t  best and demeaning to the profession of pharmacy at  
worst. 


Regulatory guidelines in terms of physical and biological effect 
characteristics of drug products, as base guidelines, could be 
misleading and confusing. For example, a high variation in established 
bioequivalency parameters might be acceptable for, for example, 
aspirin tablets. However, lifesaving and potentially dangerous drug 
forms such as digoxin tablets would require a narrower allowable 
variation. These variable limits would necessitate the stating of each 
acceptable level of variation for each stated bioequivalency parameter 
that would differ from drug to drug, dosage form to dosage form, and 
formulation to formulation. 


I believe that a set of cornpendial or “quasicompendial” regulations 
or guidelines for bioequivalency determination would be needed only 
by the truly incompetent professional. The judgmental nature of the 
decision necessitates that it be made by a knowledgeable professional 
weighing appropriate negative and positive aspects. 


differences in bioequivalency parameters could exist and would not 
preclude product selection of the “inferior” brand. What if there is a 
large monetary savings to the patient with little or no demonstrable 
compromise in therapeutic effect, as could conceivably occur with 
aspirin tablets USP? What if a pharmacist wants to prepare 
extemporaneously a potassium chloride elixir with a more palatable 
flavor for an individual patient rather than using a prescribed trade 
name product rejected by the patient on the basis of taste? 


guidelines dealing with bioequivalency remove a professional 
judgmental prerogative that the pharmacist only recently gained and 
leave in its place regulations that could confuse patients and 
needlessly restrict decisionmaking of highly trained professionals. I 
think that informal published guidelines (by APhA or other 
scientificfprofessional groups) would keep the pharmacist apprised of 
the status of bioequivalency and still maintain the prerogatives 
essential to a viable profession. 


For example, I can visualize several instances where valid 


The major issue is whether cornpendial or regulatory agency 


R. Saul Leuinson 
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solution behavior, dl is the total polar-nonpolar solvent solubility 
parameter, and 82 is the nonpolar solute parameter. 


The value of W in any solvent may be back-calculated using a 
simple computer program to solve a polynomial equation. Once W is 
obtained, the approximate solubility of the compound in a solvent of 
known solubility parameter, ranging from nonpolar hydrocarbons to 
alcohols, glycols, and water, may be calculated. 


Table I lists solubility results for naphthalene in several solvents. 
The experimental data are those of Gmehling et al. ’. The method 
yields solubilities in good correspondence with experimental results, 
except where unusally strong solute-solvent interactions exist. 


method. With experimental solubilities, a W is obtained for solvent- 
solute pairs of known solubility by employing Eq. 2. The W’s are 
regressed against a polynomial (quartic) in 61 for as many 
experimental solubilities as are available. From the data in Table I, 
one obtains the expression: 


The following example for naphthalene in ethanol demonstrates the 


W = -344.1932 + 144.020761 - 18.82386; + 1.12506: - 0.02426: 
(Eq. 3) 


To obtain the solubility in ethanol (assumed in this sample to be 
unknown), one back-calculates W using an ethanol 61 value of 12.79 
(total solubility parameter of Hoy and Martin3). One then obtains X Z  
by the application of Eq. 4: 


AHL T m - T  + A(6: + 6 ;  - 2W) (Eq. 4) -log xz = ~- 
2.303RT T,,, 


The negative logarithm of the ideal solubility of naphthalene at 40’ 
(first right-hand term of Eq. 4) is 0.3565, and A is 0.06458. 


compared with 124.659 obtained from experimental solubility results. 
The solubility of naphthalene in ethanol a t  40’ is then obtained using 
the modified Hildebrand expression (Eq. 4): 


The regression in 61 (Eq. 3) yields a value of 124.946 for Was 


log X z  = - (0.3565 + 0.06458((12.79)2 
+ (9.89)’ - 2(124.946)]) (Eq. 5) 


where X Z  (calc.) = 0.080 and X2 (exp.) = 0.073. An equation relating 
log cuz/A and 61 may also be written by substituting the expression for 
W from Eq. 3 into Eq. 4, and one may thus obtain predicted 
solubilities more directly. 


As a means of estimating the solubility in individual and mixed 
solvents, the classical Hildebrand approach has frequently been 
criticized for its incapacity to deal with solute-solvent interactions 
any  stronger than van der Waals dispersion forces. This new approach 
handles ill-behaved systems such as ethanol-naphthalene where the 


Table I-Predicted Solubilities of Naphthalene (62  = 9.89) in 
Various Solvents at 40” 


New Solubility Equation 


We wish to report a new approach to extend the Hildebrand- 
Scatchard regular solution theory’ to include strong solvent-solute 
interactions of hydrogen bonding and other types. 


The modified Hildebrand approach provides results over the 
solvent range from nonpolar to polar. The activity coefficient of the 
solute, to be derived in a paper under preparation, takes the form: 


log ( ~ p  = A(& - 6 ~ ) ~  + A(26162 - 2W) 0%. 1) 


logap=A(6:+6$-2W) (Eq. 2) 


where A is a quantity from regular solution theory that includes the 
solvent volume fraction and the solute molar volume, W is a term for 
the solute-solvent interaction to account for deviations from regular 


xz xz 
(0 bs.), (calc. ), 


W(Eq. 2)a  Ref. 2 Eq.4 Solvent 61 A 


Hexane 


Chloroform 


Acetone 


C yclohexanol 


Isopropanol 


n -Butanol 


11 -Propano1 


Ethanol 


Acetic acid 


Methanol 


7.27 


9.14 


9.62 


10.92 


11.50 


11.60 


12.18 


12.79 


12.94 


14.50 


0.05539 


0.0523 


0.02124 


0.04847 


0.06867 


0.06353 


0.06417 


0.06458 


0.05306 


0.06778 


72.652 
(72.634) 
89.645 


(89.781) 
93.625 


(93.613) 
105.527 


(104.773) 
109.476 


(110.453) 
111.629 


(1 11.486) 
117.862 


(117.784) 
124.659 


(124.946) 
127.210 


(126.780) 
146.654 


(146.689) 


0.222 


0.473 


0.378 


0.225 


0.076 


0.116 


0.094 


0.073 


0.117 


0.044 


0.221 


0.413 


0.378 


0.190 


0.103 


0.111 


0.092 


0.080 


0.105 


0.044 


a Quantity in parentheses is the value of W back-calculated using Eq. 3. 
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Abstract n The effect of pretreating callus membranes with dimethyl 
sulfoxide, dimethylacetamide, dimethylformamide, formamide, dioxane, 
or methyl orthoformate on sarin permeability was studied at  three 
temperatures to determine the activation energy for transport. In addi- 
tion, the effect of membrane pretreatment on permeability through callus 
membranes from either a sarin-carboxypolymethylene gel or a sarin- 
polymethyl methacrylate gel was studied. 


Keyphrases 0 Sarin-transport across excised human skin, effect of 
pretreating callus membranes with dimethyl sulfoxide, dimethylacet- 
amide, dimethylformamide, formamide, dioxane, methyl orthoformate 
0 Cholinesterase inhibitors-sarin, transport across excised human skin, 
effect of pretreatment on permeability 0 Transepidermal transport- 
sarin, excised human skin, effect of pretreatment 


The presence of water in the skin or diffusing media 
increases percutaneous absorption (1-7). Much work also 
has been done on the effects of solvents other than water; 
dimethyl sulfoxide (8-20), dimethylacetamide (17,21), and 
dimethylformamide (17,21) influence the penetration rate 
of various chemicals. Some of this work was reviewed re- 
cently (22). 


Penetration rates of sarin through excised human callus 
tissue from dilute solution and concentrated gels under 
both anhydrous and hydrous conditions were reported 
previously (23). The purpose of this study was to determine 
the effect of solvent pretreatment of callus membranes 
with dimethyl sulfoxide, dimethylacetamide, dimethyl- 


HOURS 


Figure 1-Average sarin transport across dimethyl sulfoxide-condi- 
tioned callus membranes. Key: 0,25';  0,35'; and A, 45'. 


Table I-Influence of Membrane Conditioning in Solution Phase 
Sarin TransDort Ss'stems 


Membrane Average TransDort Rate. 
Conditioning -mg/cmqhr Ratea Tempera- 


Solvent Unconditioned Conditioned Ratio ture 


Dimethyl sulfoxideb 0.032 0.553 17.3 25' 
Dimethylformamide 0.017 0.218 12.8 30' 
Dimethylacetamideb 0.019 0.192 10.1 25' 
Formamide 0.008 0.810 101.3 25' 
Dioxanec 0.010 0.034 3.4 25' 
Methyl 0.017 0.003 0.18 25' 


Rate ratio = [rate (conditioned)/rate (unconditioned) b Membrane condi- 
tioned and n-he tane saturated with given solvent. Memkrane conditioned but 
no solvent in n-feptane. 


orthoformateC 


formamide, formamide, dioxane, and methyl orthoformate 
on sarin transport rates and on the transport activation 
energy. 


EXPERIMENTAL 


Permeability Cell-The design of the permeability cell depended on 
whether the study involved diffusion from a dilute sarin solution or from 
a concentrated sarin gel. Both cells were described previously (23). 


Membrane Preparation-Callus membranes were microtomed to 
a thickness of 100 pm and delipidized in anhydrous ether for 24 hr as 
reported earlier (23). 


The membranes werk placed in the diffusion cell membrane holder, 
using a small amount of silicone grease as an edge sealer. All membranes 
were examined microscopically after positioning in the membrane holder, 
which was immersed in the particular membrane conditioning solvent 
for 24 hr. 


Permeability Cell Preparation for Solution Phase Studies-The 
slide containing the membrane was positioned between the two chambers 
of the permeability cell. Then 50 ml of -7.8 X lO-3M sarin in n-heptane, 


1 I 
5 10 


HOURS 
Figure %-Average sarin transport across formamide-conditioned callus 
membranes. Key: 0,25' ;  0,35'; and A, 45'. 
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Table 11-Influence of Membrane Conditioning and Gel Formation on Sarin Transport 


Membrane Conditioning 


Average Transport Rate, mg/cm2/hr 
Polymethyl Methacrylate Gel Carboxypolymethylene Gel 


Unconditioned Conditioned Ratea Unconditioned Conditioned Rate a 


Solvent Solution Phase Gel Phase Ratio Solution Phase Gel Phase Ratio 
Dimethyl sulfoxide 0.005 5.41 911 0.008 18.2 2223 
Dimethylformamide 0.085 24.0 282 0.004 6.64 1660 
Dimethylacetamide 0.002 2.6 1300 0.008 8.60 1015 
Formamide 0.003 3.34 1113 0.021 2.12 129.5 
Dioxane 0.014 0.281 20.5 0.023 0.132 5.1 
Methyl orthoformate 0.025 0.148 5.9 0.106 0.114 1.1 


Rate ratio = [rate (conditioned, gel)/rate (unconditioned, solution)]. 


Table 111-Influence of Membrane Conditioning on Sarin Transport in Gel System 


Transport Rate, 
Membrane Solvent Polymethyl Transport Rate, 


Conditioning Dielectric Methacrylate, Ratea Carboxypolymethylene, Ratea 
Solvent Constant mg/cm2/hr Ratio mg/cm*/hr Ratio 


None - 0.401 - 0.541 - 
Dimethyl sulfoxide 45 5.47 13 18.23 33 
Dimethylformamide 21 24.0 59 6.64 12 
Dimethylacetamide 38 2.6 6 8.60 15 
Formamide 109 3.34 8 2.12 5 
Dioxane 2.2 0.281 0.71 0.132 0.24 
Methyl orthoformate 3 0.148 0.36 0.114 0.21 


Rate ratio = [rate (conditioned, gel)/rate (unconditioned, gel)]. Reference 23. 


at  the appropriate temperature, was placed in the donor chamber with 
the simultaneous addition of an equal volume of n-heptane at  the same 
temperature in the receiver chamber. The n-heptane in each chamber 
was saturated with the appropriate immiscible polar solvent a t  the 
temperature of the experiment hut did not contain any dioxane or methyl 
orthoformate in the permeability comparison experiments. In the acti- 
vation energy studies, the solvent composition was the same, except that 
50 ml of dioxane or methyl orthoformate was added to 950 ml of n-hep- 
tane. 


The permeability cells were maintained in a constant-temperature bath 
with gentle shaking in the plane of the membrane. The transport rate was 
followed by withdrawing 1-ml samples from the receiver chamber a t  
suitable times and analyzing them colorimetrically for sarin. 


Permeability Cell Preparation for Sarin Gel Studies-The 
preparation of the carboxypolymethylene' and polymethyl methacrylate 
gels and cell were described earlier (23). Fifty milliliters of n-heptane 
saturated with dimethyl sulfoxide, dimethylformamide, dimethylacet- 
amide, or formamide was added immediately to the receiver chamber to 


HOURS 


Figure 3-Average sarin transport across dimethylformamide-condi- 
tioned callus membranes. Key: 0 , 2 5 O ;  0,35O; and A, 45'. 


~ 


Carbopol934, B. F. Goodrich Chemical Co., Cleveland, OH 44100. 


start the experiment. No dioxane or methyl orthoformate was placed in 
the n-heptane. The permeability cell was maintained at  30' in a water 
bath with gentle shaking in the plane of the membrane. The transport 
rate was followed as in the solution phase studies. 


Colorimetric Assay-The analytical procedure employed was a 
modification of the Schoenmann method (24) and was described earlier 
(23). 


RESULTS AND DISCUSSION 


Solution Phase Permeability Comparison Studies-The initial 
sarin concentration in all experiments was -8 X M. Average sarin 
transport rates, in milligrams per square centimeter per hour, during the 
quasi-steady state through untreated membranes and the same sol- 
vent-conditioned membranes, along with a calculated membrane con- 
ditioning ratio, [rate (conditioned)/rate (unconditioned)] are shown in 


Figure 4-Average sarin transport across diorane-conditioned callus 
membranes. Key: 0,25'; 0,35'; and A, 4 5 O .  
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Table IV-Permeability Coefficients and Activation Energies 
for  Solvent-Treated Membranes 


Membrane Permeability Activation 


Solvent Temperature k X 104/hr kcal/mole 
Conditioning Coefficient, Energy, 


Dimethyl sulfoxide 24.9' 13.00 8.2 
35.0' 18.65 
44.9' 31.09 .. . 


Dioxane 25.0' 4.13 21.2 


Methyl orthoformate 25.0' 2.75 22.3 


34.9' 11.72 
44.9' 39.00 


34.9' 10.05 
44.8' 28.79 ~~ ~ 


Diniethylformamide 26.0' 1.07 14.4 


Formamide 25.0° 28.29 6.2 


35.1' 1.83 
45.0' 4.54 


35.0' 37.51 
44.5O 54.16 


Table I. Pretreating the membrane with dimethyl sulfoxide, dimethyl- 
formamide, dimethylacetamide, or formamide markedly increased the 
transport rate; dioxane caused only a slight increase, and methyl ortho- 
formate actually decreased the rate. 


Gel Phase Permeability Comparison Studies-The sarin transport 
rate through the solvent-treated membranes used in the gel study was 
determined first using the anhydrous solution phase conditions described 
previously. The combined influence of membrane conditioning and in- 
creased sarin concentration on sarin transport is shown in Table 11, along 
with a calculated ratio defined as [rate (conditioned, gel)/rate (uncon- 
ditioned, solution)]. 


The influence of membrane conditioning can to some degree be sepa- 
rated from the concentration effects by comparing these sarin transport 
rates from the gels through solvent-conditioned membranes [rate (con- 
ditioned, gel)] to some previously reported transport rates (23) from the 
gels through unconditioned membranes [rate (unconditioned, gel)]. These 
data, along with a calculated rate ratio defined as [rate (conditioned, 
gel)/rate (unconditioned, gel)] are shown in Table 111. This approach was 
necessary since it was not possible to study the rates through untreated 
membranes in the gel system followed by their determination through 
the same membranes after solvent treatment. Polymeric material, 
especially the polymethyl methacrylate, collected on the membranes and 
could not be removed, making their reuse impossible. 


The transport rate change in the gel system was due not only to the 
effect of solvent conditioning of the membrane but also to the effect of 
the conditioning solvent on the polymer in the gel, which may affect the 
release rate from the gel. There appeared to be an optimum range for the 
dielectric constant for the conditioning solvent in each gel system. The 
best conditioner for the more oil. soluble polymethyl methacrylate gel 


P 


I I 
25 50 


HOURS 


Figure li---Auerage sarin transport across methyl orthoformate-con- 
ditioned callus membranes. Key: 0,25'; 0,35'; and A, 45'. 
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Figure 6-First-order plots for sarin transport across dioxane-condi- 
tioned callus membranes. Key: .,25'; a, 35'; and A, 45'. 


was dimethylformamide with a dielectric constant of 27, whereas the best 
conditioner for the more hydrophilic carbomer gel was dimethyl sulfoxide 
with a dielectric constant of 45. In both cases, as the dielectric constant 
of the conditioning solvent shifted away in either direction from the op- 
timum range, a decrease in the ratio [rate (conditioned, gel)/rate (un- 
conditioned, gel)] was observed (Table 111). 


Effect of Solvent Pretreatment on Transport Process Activation 
Energy-Different membranes were used at each temperature for each 
solvent treatment since repeated conditioning with dimethyl sulfoxide 
increased the subsequent permeability constants of the membranes. 


Plots of the average molar concentration on the receiver side versus 
time a t  the three temperatures studied are shown in Figs. 1-5. The slope 
in the quasi-steady states allows calculation of the transport rate. A plot 
of log (C, - 2C2) uersus time is shown in Fig. 6 for the dioxane solvent 
system at the three temperatures. The permeability coefficient a t  each 


60.0 h 
- 


50.0 - 
40.0 - 
30.0 - 
20.0 - 


; 10.0- 


2 
P 


X 
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Figure 7-Arrhenius plot of average permeability coefficients for sarin 
penetration through conditioned callus membranes at 25,35, and 45'. 
Key: 0 ,  formamide; 0, dioxane; A, dimethyl sulfoxide; A, methyl or- 
thoformate; and ., dimethylformamide. 
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temperature is calculated from the slope as described previously (23). 
The activation energy for the transport process for each solvent system 
is obtained from the slope of an Arrhenius plot of log permeability con- 
stant uersus the reciprocal of the absolute temperature (Fig. 7). The 
permeability coefficients a t  each temperature and the activation energy 
for each system are shown in Table IV, with the expected inverse order 
between the rate ratio and the activation energy being observed. 
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Abstract A high-performance liquid chromatographic (HPLC) 
method was developed for the assay of 2-chloro-5-(1H-tetrazol-5-yl)- 
4-[(2-thienylmethyl)amino]benzenesulfonamide (I) in animal feed diet 
mixtures. The sample is extracted with acetone, an aliquot of the extract 
is evaporated to dryness, and the residue is dissolved in chloroform. This 
solution can be subjected to either of two cleanup procedures. The first 
traps I on a sodium hydroxide-diatomaceous earth column. Compound 
I is then recovered using an acetic acid+thyl acetab-chloroform eluent, 
which is removed by evaporation, followed by dissolution of the residue 
in aqueous sodium hydroxide. The second procedure involves the direct 
extraction of I from the chloroform solution. A linear relationship exists 
between the HPLC UV detector response at  254 nm and concentration 
up to 170 pg/ml. The sodium hydroxide extraction procedure resulted 
in an overall recovery (fSD) of 92.9 f 1.6 and 97.4 i 1.8% (n = 5) at levels 
of 200 and 6000 ppm, respectively. Overall recoveries (fSD) obtained 
by the diatomaceous earth column procedure for the 200- and 6000-ppm 
levels were 90.0 f 2.0 and 95.9 f 1.6% ( n  = 51, respectively. 


Keyphrases o Azosemide-analysis, high-performance liquid chro- 
matography, commercial animal feed 0 Diuretic agents-azosemide, 
high-performance liquid chromatographic analysis, commercial animal 
feed 0 High-performance liquid chromatography-analysis, azosemide, 
commercial animal feed 


Azosemide, 2-chloro-5-(1H-tetrazol-5-yl)-4-[(2-thien- 
ylmethyl)amino] benzenesulfonamide (I), is a new diuretic 
and saluretic agent (1). The drug has been formulated into 
tablets, injectable solutions, and lyophilizates in combi- 


nation with other diuretics for the treatment of hydropic 
conditions (2,'3). 


In long-term toxicological studies, drug administration 
to laboratory animals is usually done by incorporation into 
feed because of the inconvenience of individual manual 
dosing and the time involved in preparing individual 
dosages. Analytical methodology is required to determine 
that appropriate dosages are administered and that the 
drug is uniformly distributed and stable in the feed mix 
under the storage conditions used. Recent papers dealt 
with the determination of cyclobenzaprine, sulindac, 
halofenate, estradiol, and phenobarbital in animal feed 
mixtures for use in toxicity and/or carcinogenesis studies 
(4-6). 


Reported quantitative analyses of sulfonamides in an- 
imal feed include spectrophotometric measurement of the 
diazotized sulfonamide after alumina column cleanup (71, 
GLC assay after purification by conventional extraction 
methods (8, 9), quantitative TLC (lo), and spectropho- 
tofluorometry and GLC after successive percolation 
through silica and alumina columns or successive base-acid 
extractions (1 1). 


This paper presents a method for the assay of I in animal 
feed mix at 200- and 6000-ppm levels using high-perfor- 
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Abstract 0 Brusatol, a quassinoid with potent antineoplastic activity 
against P-388 lymphocytic leukemia cell proliferation, significantly in- 
hi bited P-388 cell hexokinase, phosphofructokinase, malic dehydroge- 
nase, and succinic dehydrogenase. Mitochondria1 oxidative phos- 
phorylation, basal, and adenosine diphosphate-stimulated respiration, 
utilizing succinate and cY-ketoglutarate as the substrate, was suppressed 
significantly by in uiuo treatment with brusatol. However, brusatol 
treatment had no effect on liver oxidative phosphorylation. Brusatol 
greatly increased P-388 cyclic AMP levels but had no effect on liver cyclic 
nucleotides. Similar inhibitory effects on P-388 cell oxidative phos- 
phorylation were found in vi t ro with brusatol, hruceoside A, and bru- 
ceantin. Brusatol had no effect on adenosine triphosphatase activity or 
on uncoupling of oxidative phosphorylation. Rather, brusatol appeared 
to increase the concentration of reduced mitochondria] electron-transport 
cofactors, thereby blocking aerobic respiration. A proposed mechanism 
of action is discussed. 


Keyphrases 0 Antineoplastic agents-hrusatol, bruceoside A, bru- 
ceantin, effect on cellular respiration of P-388 leukemia cells, in uiuo, in 
uitro 0 Quassinoids-antineoplastic activity, effect on cellular respiration 
of P-388 leukemia cells, in uiuo, in uitro 0 Leukemia, P-388-effect of 
quassinoids on cellular respiration, in uiuo. in uitro Cellular respira- 
tion-P-388 leukemia cells, effect of various quassinoids 


Numerous quassinoids have been isolated recently, e.g., 
bruceantin (I) from Brucea antidysenterica (l), bru- 
ceoside A (11) from Brucea jauanica (2), and its subsequent 
hydrolysis product brusatol(II1). All three agents are ac- 
tive in the P-388 lymphocytic leukemia survival system. 
Bruceantin has a TlC = 197 a t  1 mg/kg/day, bruceoside A 
has a T/C = 156 at 6 mg/kg/day, and brusatol has a T/C = 
158 at 125 pg/kg/day (3). At  a concentration of 0.015 mM, 
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Table I-Effects of Rrusatol on Aerobic and Anaerobic Processes of DBA/2 Mice 


Brusatol, 
100 pg/kg/day 


on Days 7,8,  and 9, 
Process Control %of control 


62 f 17” 


Lactic dehydrogenase activity 100 f 9 97 f 13 
Malic dehydrogenase activity 100 f 16 43 f 15b 
Succinic dehydrogenase activity 100 f 15 25 f 3b 
Adenosine triphosphatase activity 100 f 6 I07 f 11 
Cyclic AMP 100 f 8 1269 f 60b 
Oxidative phosphorylation 


With succinate: state 4 100 f 13 22 f 6 b  
With succinate: state 3 100 f 7 18 f 5b  
With a-ketoglutarate: state 4 100 f 6 26 f 5 
With u-ketoglutarate: state 3 100 f 11 29 f 13 


P-388 Lymphocytic Leukemia Cells (n = 6) 
Hexokinase activity 100 f 21 
I’hosphofructokinase activity 100 f 16 54 f I lh  


Liver from Nontumor-Bearing Animals (n = 5) 
Cvclic AMP levels 100 f 22 111 f 14 
Oiidative phosphorylation 


With succinate: state 4 100 f 12 96 f 5 
With succinate: state 3 100 f 8 102 f 8 
With a-ketoglutarate: state 4 100 f 11 97 f 10 
With a-ketoglutarate: state 3 100 f 13 93 f 15 


a p  = 0.025. b p  = 0.001. 


all of these quassinoids significantly inhibited DNA, RNA, 
and protein syntheses in P-388 cells. 


A positive correlation between aerobic respiration in- 
hibition and antitumor-antimitotic activity has been ob- 
served for a number of nonrelated compounds, e g . ,  a 
podophyllotoxin derivative, ellipticine, 4,g-diamino- 
triazines, methotrexate, naphthoquinone derivatives, 
tritylthioalanine, carminomycin, piperazinedione (41, 5-  
fluorinated pyrimidine-6-carboxyaldehydes (5), benza- 
malecene, triparanol (6), and sesquiterpene lactones (7). 
Sesquiterpene lactone antineoplastic agents also have been 
observed to suppress tumor cell glycolytic and Krebs cycle 
dehydrogenase activity enzymes (8). This paper reports 
the effect of quassinoids on P-388 lymphocytic leukemia 
aerobic and anaerobic cell metabolism. 


EXPERIMENTAL 


Materials-Bruceantin ( I )  was obtained in small quantities from the 
National Cancer Institute. Bruceoside A (11) was extracted from H. ;a- 
c,nnica according to the literature technique (2). and brusatol (111) was 
obtained hy treating 11 with 3 N sulfuric acid-methanol (1:l) to hydrolyze 
the glycosidic linkage (2). 


P-388 Lymphocytic Leukemia Cell Metabolism Studies-DBAA 
male mice (-25 g) were inoculated with lo6 1’388 lymphocytic leukemia 
cells intraperitoneally on Day 0. For the in  ui t ro  studies, P-388 lym- 
phocytic leukemia cells were harvested from the peritoneal cavity on Day 
10. For the in U I V O  studies, the mice were treated on Days 7,8, and 9 with 
100 pglkglday ip of brusatol or 5 mg/kg/day ip of bruceoside A. Drugs 
were prepared by homogenization in 0.05% polysorhate 80 and water. 


The number of tumor cells per milliliter and the 0.4% trypan blue 
uptake were determined with a hemocytometer (9). Phosphofructokinase 
activity of 10-day cells was determined hy a literature method (10) based 
on the absorbance change of 1.125 pmoles of reduced nadide (nicotin- 
amide adenine dinucleotide) at 340 nm. Hexokinase activity was assayed 
by a literature method (1 1 ) based on the absorbance change of 500 jmoles 
of nadide phosphate a t  340 nm. Lactic dehydrogenase activity was de- 
termined by a literature method ( I  2) based on ahsorbance changes of 0.1 2 
pmole of reduced nadide a t  340 nm. 


Succinic dehydrogenase activity was determined by a literature method 
(18) based on the reduction of potassium ferric cyanide to the ferrous ion 
at  455 nm. Malic dehydrogenase activity was measured by a literature 
technique (14) based on absorption changes of 15 pmoles of reduced 
nadide. Protein concentrations were determined by the method of Lowry 
ct a / .  (15). 


I n  ui t ro  respiration studies were carried out on 10-day 1’-988 lym- 
phocytic leukemia cells. Oxygen consumption was measured with an 


electrode’ connected to an oxygraph*. The reaction vessel typically 
contained 55 pmoles of sucrose, 22 pmoles of monobasic potassium 
phosphate, 22 pmoles of potassium chloride, 90 pmoles of succinate or 
60 pmoles of cu-ketoglutarate as the substrate, 22 pmoles of adenosine 
triphosphate, and 0.015 or 0.005 pmole of test drugs in a total volume of 
1.8 ml a t  37O. After the basal metabolic level (state 4) was obtained, 0.257 
pmole of adenosine diphosphate was added to obtain the adenosine di- 
phosphate-stimulated respiration rate (state 3) (7). 
In uioo studies were conducted on 10-day cells after treatment of the 


DBA/2 mice. The method of Lindahl and Oberg (16) was used to deter- 
mine if oxidative phosphorylation was uncoupled with 0.2 pmole of 
2,4-dinitrophenol as an internal standard. The reaction medium con- 
tained, in 2 rnl, 50 pmoles of phosphate buffer, 1Opmoles of magnesium 
chloride, 2 pmoles of diphosphate, 80 pmoles of glucose, excess hexoki- 
nase, 60 pmoles of pyruvate or succinate, and P-388 isolated mitochon- 
dria. Studies were carried out using the oxygraph. Measurement of in- 
dividual electron-transport system components was carried nut by a 
literature method (17) by recording differences in spectral absorption 
after incubating the P-388 lymphocytic leukemia mitochondria1 sub- 


pensions (9000Xg X 10 min) at pH 7.4 with 50 mM tromethamine hy- 
drochloride, 50 mM potassium chloride, 50 mM sucrose, 10 mM inorganic 
phosphate, and either 4.2 mM giutarate plus 4.2 mM malate or 1.3 mM 
succinate as the substrate. 


Nadide was measured a t  340 and 374 nm, flavin adenine dinucleotide 
was measured a t  455 and 500 nm, cytochrome b was measured at 410 and 
430 nm, cytochrome c and cl was measured a t  540 and 550 nm, and cy 
tochrome oxidase was measured a t  603 and 605 nm. The difference was 
obtained by calculating the difference hetween the reduced and oxidized 
cofactor forms, which was expressed as percent of the control. In oitro 
spectral studies were carried out by incubating 3.16 pmoles of nadide with 
0.005 pmole of brusatol in phosphate buffer, pH 7.2, and measuring the 
appearance of the reduced form a t  340 nm. Cytochrome c a t  0.1 pmole 
was also incubated with hrusatol, and the appearance of the reduced form 
was measured a t  550 nm over 48 hr. Reduced nadide (6.5 pmoles) and 
hrusatol(10 pmoles) were incuhated a t  room temperature in 1 ml of 0.067 
M phosphate buffer a t  pH 7.2 for 72 hr. The  reaction medium was 
subjected to preparative TLC separation on silica gel plates eluted with 
chloroform-methanol (1O:l). Spots were identified by UV absorption. 
Individual spots were scraped off the plate. An unknown spot was sepa- 
rated from the silica gel by column chromatography, which was eluted 
with acetone. Silica gel TLC showed a single spot a t  Rf  0.55 as compared 
to hrusatol a t  R,  0.64 whereas the cofactor remained a t  the origin. 


Adenosine triphosphatase activity was measured in P-388 leukemia 
cells by the method of Suolinna et a1 (18), and inorganic phosphate re- 
leased was measured hy the method o f  Chen el al (19). Cyclic AMP levels 
were measured by a literature radioimmunoassay (20), using 3H(G)-cyclic 


1 Clark. 
2 Gilson. 
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Table 11--lo Vitro Effects of Quassinoids on Oxidative Phosphorylation Process of P-388 Lymphocytic Leukemia Cells and D B A d  
Mouse Liver Homogenates 


Percent Control 
0.05% Polysorbate Bruceantin Bruceoside A Brusatol 2,4-Dini trophenol 


Substrate 8 0 3  (0.015 rrmole) (0.015 umole) (0.005 urnole) (0.2 umole) 


P-388 Oxidative Phosphorylation Processes ( n  = 6) 
Succinate 


n-Ketoglutarate 


State 4 100 f 13 50 f 7" 54 f 7" 50 f 9" - 
State 3 100 f 7 57 f 10" 55 f 10" 50 f 7" - 


State 4 1 0 0 5 6  60 f 7" 58 f 10" 59 f 9" - 
State 3 too f 11 62 f 6" 66 f 5" 61 f I l*  - 


State 4 100 f 12 102 f 14 105 f 20 105 f 19 - 
State 3 1 0 0 f  12 96 f 14 86 f 9 9 8 f  17 - 


State 3 100 f 21 7 0 f 3  105 f 30 95 f 28 - 


Liver Oxidative Phosphorylation Processes ( n  = 5) 
Succinate 


a-Ketoglutarate 
State 4 100 f 13 74 f l!b 89 f 19 101 f 8 - 


Isolated Mitochondria from P-388 Cells 
- 71 f 7" 21 f 5" 
- 51 f 6" 15 f 4" 


Pyruvate: state 3 100 f 8 - 
Succinate: state 3 100 f 8 - 
u p  = 0.001. p = 0.025. 


AMP (39.8 Ci/mmole). Liver oxidative phosphorylation studies were 
carried out on nontumor-bearing DBA/2 male mice. The liver was excised, 
and a 1070 homogenate in 0.25 M sucrose and 0.001 M edetic acid was 
prepared (21). Respiration was carried out on 0.1 ml of the homogenate 
in the reaction vessel. Cyclic AMP levels also were measured on the 10% 
homogenate. 


RESULTS 


Brusatol treatment of P-388 lymphocytic leukemia-bearing mice sig- 
nificantly reduced the activity of the glycolytic pathway regulatory en- 
zymes of P-388 celis (Table I). Ten-day P-388 cells demonstrated a 
hexokinase activity as an absorbance change of 0.300 optical density 
(0.D.) unit/min/mg of protein, which hrusatol reduced 38%. The phos- 
phof'ructokinase activity for 10-day P-388 cells was 0.270 O.D. unit/ 
min/mg of protein, which was reduced 46% by brusatol treatment. Krebs 
cycle dehydrogenase enzymes were also suppressed by brusatol. Malic 
dehydrogenase activity for control P-388 cells was 135.7 O.D. units/ 
min/mg of protein, which brusatol reduced 57%. Succinic dehydrogenase 
activity for 10-day P-388 cells was 0.145 O.D. unit/min/mg of protein. 
Brusatol inhibited succinic dehydrogenase activity 75%. 


In u i t ro  oxidative phosphorylation studies showed that 0.015 pmole 
of bruceantin, hruceoside A, or brusatol a t  0.015 and 0.005 pmole reduced 
states 3 and 4 respiration significantly (Table 11). Basal respiration (state 
4) with succinate as the substrate resulted in 11.44 pl of oxygen con- 
sumed/min/mg of protein. Adenosine diphosphate-stimulated respiration 
(state 3) with succinate was 20.76 p1 of oxygen consumed/min/mg of 
protein. Basal respiration using cu-ketoglutarate as the substrate resulted 
in 10.01 pl of oxygen consumed/min/mg of protein. State 3 consumption 
resulted in 19.17 pl of oxygen consumed/min/mg of protein. 


Brusatol at  0.005 pmole in uitro caused a 50% inhibition of state 4 and 
state 3 with succinate as the substrate. Brusatol with a-ketoglutarate as 
the substrate caused a 41% inhibition of state 4 and a 39% inhibition of 
state 3. Both concentrations of brusatol, i .e.,  0.005 and 0.015 pmole, 
caused the same degree of suppression. Bruceoside A with succinate 
caused a 46% inhibition of state 4 and a 45% of inhibition of state 3. With 
n-ketoglutarate, bruceoside A caused a 42% inhibition of state 4 and a 
34% inhibition of state 3. Bruceantin caused a 50% inhibition of state 4 
and a 43% inhibition of state 3 with succinate and a 4Wo inhibition of state 
4 and a 48% inhibition of state 3 with a-ketoglutarate. 


At  100 pg/kg/day, brusatol suppressed in uiuo state 4 basal respiration 
78% and adenosine diphosphate respiration (state 3) 82% in the presence 
of succinate (Table I). n-Ketoglutarate basal respiration was suppressed 
74% by brusatol treatment, and state 4 respiration was inhibited 71%. 
Bruceoside A treatment in uiuo a t  5 mg/kg/day caused a 7% inhibition 
of state 4 respiration and a 31% inhibition of state 3 with succinate. State 
4 with a-ketoglutarate was inhibited 18% and state 3 was inhibited 25% 
by bruceoside A. 


In uitro and in uioo studies with liver homogenates of nontumor- 
bearing animals demonstrated no changes in states 4 and 3 with either 
succinate or a-ketoglutarate as the substrate. In uitro state 3 studies with 
P-388 lymphocytic leukemia mitochondria with 0.005 pmole of brusatol 


showed that respiration was inhibited 29% with pyruvate and 49% with 
succinate as the substrate, respectively (Table 11). 2,4-Dinitrophenol 
addition further suppressed state 3 respiration by 79% with pyruvate and 
85% with succinate, indicating that oxidative phosphorylation was not 
uncoupled by brusatol. Adenosine triphosphatase activity after brusatol 
treatment was within normal limits (Table I). 


Examination of the different spectra of cofactors of the electron- 
transport system showed that in uiuo administratioli of brusatol increased 
the concentration of all reduced forms of the chain cofactors. Incubation 
with malate showed a 24% increase in reduced nadide, a 7% increase in 
reduced flavin adenine dinucleotide, a 13% increase in reduced cyto- 
chrome b, a 110% increase in reduced cytochrome cl and c, and a 100% 
increase in reduced cytochrome a1 + n ~ .  Incubation with succinate re- 
sulted in a 198% increase in reduced flavin adenine dinucleotide, a 49% 
increase in reduced cytochrome b, a 216% increase in reduced cyto- 
chromes c1 and c, and a 100% increase in reduced cytochrome a1 + a:). 


In uitro studies showed the same trends hut not as markedly. When 
brusatol was incubated with isolated nadide for 24 hr, there was a 26% 
increase in the reduced form; there was a 35% increase in reduced nadide 
after 40 hr, indicating that brusatol chemically reacted with the cofactor. 
When cytochrome c was incubated with brusatol, there was a 21% increase 
in reduced cytochrome c after 24 hr; after 48 hr, there was a 13% increase 
in reduced cytochrome c. Incubation of brusatol with reduced nadide 
demonstrated that the two agents chemically interacted to give a product 
that  did not have the same R, value as the two starting materials, 
suggesting the formation of an adduct between brusatol and the co- 
factor. 


DISCUSSION 


Brusatol treatment of P-388 lymphocytic leukemia-bearing mice sig- 
nificantly reduced the activities of enzymes of the Embden-Meyerhoff 
cycle and of the Krebs cycle. The key regulatory enzymes, hexokinase 
and phosphofructokinase. were significantly depressed by hrusatol 
treatment. Krebs cycle dehydrogenase activities of malate and succinate 
were also significantly reduced. Succinate, which is a flavin adenine di- 
nucleotide-linked dehydrogenase, was more severely depressed than 
malate dehydrogenase, which is a nadide-linked dehydrogenase. Oxi- 
dative phosphorylation processes of P-388 lymphocytic leukemia cells 
were significantly reduced by the quassinoids tested. With succinate as 
the substrate, both basal respiration (state 4) and adenosine diphos- 
phate-stimulated respiration (state 3) were suppressed slightly more than 
with a-ketoglutarate as the substrate. Brusatol in uiuo was more effective 
in reducing states 4 and 3 respiration with succinate or a-ketoglu- 
tarate. 


Brusatol in uiuo, however, did not affect normal liver respiration 
processes, nor did any of the quassinoids affect in uitro liver respiration 
a t  0.015 pmole. The mitochondria studies showed that brusatol did not 
uncouple oxidative phosphorylation like 2,4-dinitropheriol does. Nor did 
hrusatol treatment stimulate mitochondrial adenosine triphosphatase 
activity, which would facilitate the uncoupling of mitwhondrial oxidative 
phosphorylation. Rather, brusatol appeared to act on the mitochondria1 


Journal of Pharmaceutical Sciences I 009 
Vol. 68, No. 7, July 1979 







electron-transport chain. In uiuo studies showed drastic increases in the 
reduced forms of chain cofactors with either inalate o r  succinate as the 
substrate. In uiuo hrusatol effects were more striking than in uitro effects 
on reducing cofactors, which may explain the observed increased effects 
of hrusatol on in uivo states 4 and 3 respiration after 3 days of treatment 
as compared to in uitro effects. UV in uitro studies showed that brusatol 
chemically interacted with nadide increasing the reduced form ahsorb- 
ance a t  340 nm. Cytochrome c, a heme, also was reduced in the presence 
of hrusatol to the ferrous form with an increase in absorbance a t  550 
nm. 


Although separation of the brusatol adduct and reduced nadide has 
not been achieved to date, incubation of the two  agents showed that a 
possible reaction product existed. Nucleophilic attack of reduced nadide 
on the diosphenol ring A of brusatol may he postulated. If such an attack 
occurs, then complexation or alkylation of cofactor or functional groups 
of enzymes could account for the inhibitory effects of brusatol on P-388 
lymphocytic leukemia cell metabolism with respect to the suppression 
of tumor cell anaerobic and aerobic respiration. 
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Abstract  The natural abundance I3C-NMR spectra of five ol-adren- 
ergic blocking agents, tolazoline, dibenamine, azapetine, phenoxy- 
benzamine, and phentolamine, are reported. The chemical shifts of 
various carbon resonances were assigned on the basis of chemical shift 
theory, multiplicities observed in single-frequency off-resonance-de- 
coupled spectra, relaxation times, and comparisons with the chemical 
shifts of model compounds. 


Keyphrases NMR spectroscopy-analysis, tolazoline, dibenamine, 
azapetine, phenoxybenzamine, phentolamine 0 a- Adrenergic blocking 
agents-analysis, NMR spectroscopy 


Earlier studies reporting the 13C-NMR spectra of anti- 
malarials (1,2), anti-inflammatory agents (3 ,4) ,  antipy- 
retic analgesics ( 5 ) ,  and central nervous system acting 
agents (6-10) prompted the assignments of the natural 
abundance ‘3C-NMR chemical shifts of a-adrenergic 
blocking agents, 2-benzyl-2-imidazolone (I) (tolaz- 
oline), N,N-dibenzyl-6-chloroethylamine (XI) fdibena- 
mine), 6,7-dihydro-6-(2-propenyl)-5H-dibenz[c,e]azepine 
(111) (azapetine), N- (2-chloroethyl) - N -  ( 1 -methyl-2-phe- 


noxyethy1)benzenemethanamine (IV) (phenoxybenza- 
mine), and,3-[ [ (4,5-dihydro- 1H-imidazol-2-y1)methylJ (4- 
methylphenyl)amino]phenol (V) (phentolamine). The 
13C-NMR spectra of these therapeutic agents are of the- 
oretical as well as of biological interest. 


Both the proton noise-decoupled and single-frequency 
off-resonance-decoupled (SFORD) spectra of I-V were 
recorded using the Fourier transform technique. The 
proton noise-decoupled spectra of these compounds gave 
the chemical shifts of various carbon resonances, while the 
SFORD spectra provided the distinction of methyl, 
methylene, methine, and nonprotonated carbons. Fur- 
thermore, the relaxation time measurements differentiated 
nonprotonated carbons from protonated carbons. 


The assignments of various carbon-13 signals were made 
on the basis of chemical shift theory (ll), multiplicities 
observed in the SFORD spectra, percent integration of the 
signals in the proton noise-decoupled spectra, relaxation 
times, and chemical shifts of the corresponding carbons 
of model compounds (12). 
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Differential Pulse Polarography of Tetracycline: 
Determination of Complexing Tendencies of 
Tetracycline Analogs in the Presence of Cations 
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Abstract 0 The complexation tendencies, stoichiometries, and stability 
constants for tetracycline, minocycline, and demeclocycline with the 
metallic ions calcium(lr), magnesium(II), zinc(II), aluminum(nI), iron(II), 
and iron(II1) were evaluated using a polarographic technique. Changes 
in pulse peak heights for each tetracycline derivative were measured as 
a function of cation concentration. The method provides an in  uitro 
method of evaluating the selectivity of particular metal ions for different 
tetracycline analogs. 


Keyphrases 0 Tetracycline analogs-complexation, effect of cations, 
differential pulse polarography Tetracycline-complexation, effect 
of cations, differential pulse polarography Minocycline-complexation, 
effect of cations, differential pulse polarography 0 Demeclocycline- 
complexation, effect of cations, differential pulse polarography 0 Dif- 
ferential pulse polarography-tetracycline analogs, complexation, effect 
of cations 


The phenomenon of complex formation between tet- 
racycline analogs and various cations is well documented 
(1-3). This study reports the application of differential 
pulse polarography in determining the apparent com- 
plexation parameters for tetracycline, minocycline, and 
demeclocycline with Fe(II), Fe(III), and A~(III). The effect 
of other cations on the polarograms of the various tetra- 
cyclines was also examined. 


EXPERIMENTAL 


Apparatus-All polarograms were recorded on a polarographl 
equipped with a three-electrode system and an x-y recorder2. The 
working electrode consisted of a dropping mercury electrode with a 1-sec 
drop time, which was controlled by a mechanical drop knocker. A com- 
mercial calomel electrode was used as  the reference electrode, and a 
platinum wire was used as the auxiliary electrode. The electrolysis cell3 
had a 25-ml total volume, and the tetracycline derivative concentrations 
were 10-4-10-5 M. Potential sweeps of 1 or 2 mv/sec and pulse modula- 
tions of 10 or 25 mv were employed. 


Deaeration was performed by passing a stream of highly purified ni- 
trogen through the solutions for 2 10 min. All experiments were carried 
out at room temperature, and potentials are reported with respect to the 
saturated calomel electrode. 


Reagents-All salts (ferrous sulfate heptahydrate, ferric nitrate 
monohydrate, aluminum chloride hexahydrate, magnesium sulfate 
heptahydrate, calcium nitrate tetrahydrate, and potassium chloride) were 
reagent grade and used without purification. Compendial grade samples4 
of demeclocycline hydrochloride, minocycline hydrochloride, and tet- 
racycline hydrochloride were utilized without further purification. Ac- 
etate buffers were freshly prepared from reagent grade materials. 


Procedure-Complexation parameters were determined by mea- 
suring the polarograms of the cations in 0.1 N KCI in the absence and in 
the preaence of added tetracycline derivative. The shifts in peak potential 
were determined as a function of condentration (Table I), and the com- 
plexation parameters (Table 11) were calculated as described later. 


In another set of experiments, the effect of successive additions of a 
given cation on the polarograms of the various tetracycline analogs was 


Princeton Applied Research model 174 polarographic analyzer. 
Princeton Applied Research model 9002A. 
Princeton Applied Research model 9301. 
Provided by Lederle Laboratories, Pearl River, N.Y. 


MINOCYCLINE HCL 4 


$ 1  1 1 1 1 1  I n 
0.1 1 .o - 


CONCENTRATION X lo4 M 


Figure I-Effect of tetracycline deriuatiue concentration on Fe(Ii) peak 
potential ( in  0.1 N KCl). 


determined. In both sets of experiments, the standard addition technique 
was employed. 


RESULTS AND DISCUSSION 


The polarography of complexed ions is well documented (4). The basic 
relationship between potential shifts and concentrations may be ex- 
pressed by Lingane's equation (5): 


-0.0591 0.0591~ 
ET/2 - E1/2 = ~ n log K f  - - n b M r ,  (Eq. 1) 
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Table I-Peak Potentials of A ~ ( I I I ) ,  Fe(lI), and  Fe(1rr) as a Function of Tetracycline Derivative Concentration 


Tetracycline Minocycline Demeclocycline 
Hydrochloride, Hydrochloride, Hydrochloride, 


x 104 M E p ,  v X lo4M Ep' v X 1 V M  E p ,  v 
~~ 


0 
0.661 
1.32 
1.98 
2.31 


-1.788 
-1.762 
-1.726 
- 1.702 
- 1.696 


Al(lrl) 
0 - 1.784 
0.157 - 1.660 
0.314 -1.606 
0.471 -1.560 


0 
0.322 
0.643 
0.965 
1.29 


0 
0.326 
0.651 
0.977 
1.30 


- 1.366 
-1.368 
-1.386 
- 1.400 
- 1.406 


Fe(W 
0 - -1.366 
0.265 -1.376 
0.398 - 1.404 
0.530 - 1.440 


0 
0.329 
0.657 
0.986 
1.31 


-1.786 
-1.764 
- 1.746 
-1.736 
-1.722 


-1.364 
-1.374 
-1.396 
-1.414 
-1.432 


0 -1.614 0 -1.610 0 -1.606 
0.648 - 1.636 0.278 -1.576 0.629 -1.636 
0.972 - 1.652 0.417 -1.560 0.943 -1.672 
1.30 - 1.662 0.556 - 1.546 1.26 - 1.684 


I 0 -1.606 - ... 
-1.576 0.629 -1.636 


.. - 0.943 -1.672 
1.30 - 1.662 0.556 - 1.546 1.26 - 1.684 


Table 11-Complexation Parameters  for  Cation-Tetracycline 
Derivative Comolexes 


Apparent Coordination 
Cation Derivative Log K, Number of Cation 


~~ ~ 


Tetracycline 
Minocycline 
Demeclocycline 
Tetracycline 
Minocycline 
Demeclocycline 
Tetracycline 
Minocycline 
Demeclocycline 


14.5 
34.5 
10.8 
6.9 


17.8 
10.2 
14.0 
20.2 
20.6 


apparent formation constant, and p is the complex coordination number. 
There have been few attempts to apply differential pulse polarography 
to the study of complexation. Since the peak potential observed with the 
technique is identical to the half-wave potential (6), Eq. 1 can be modified 
to: 


-0.0591 0.0591~ E f , - E , = -  log K ,  - - l o g M ~  (Eq. 2) 
n 


where E f ,  is the peak potential of the ion in the presence of ML moles per 
liter of ligand and E ,  is the peak potential in the absence of ligand. The 
other symbols have the same meaning as in Eq. 1. 


Equation 2 indicates that  plots of peak potential shift versus the log- 
arithm of the ligand concentration should be linear. The slopes of these 
plots can be used to determine the complex coordination number, and 
the intercepts yield values for the formation constants. Figure 1 shows 
representative plots for ferrous ion and the various tetracyclines analogs. 
Slopes and intercepts were computed by linear regression, and correlation 
coefficients ranged from f0.982 to f0.999. Apparent complexation pa- 
rameters determined utilizing this technique are presented in Table 
11. 


The data indicate that minocycline forms more stable complexes with 
A l ( ~ t ) ,  F~( I I I ) ,  and Fe(tt) than do the other analogs. Since the exact point 
of attachment between the cations and the tetracyclines has not been 
elucidated, it is difficult to assess the precise basis of this greater stability. 
However, previous investigators (1) suggested the dimethylamino group 
as one coordinating group of tetracycline; the existence of two such groups 
on minocycline could account for the increased stability of its complexes. 


The data indicate that in the presence of Fe(It) and Al(11i) ions, the ap- 
parent coordination number toward minocycline is twice that of tetra- 
cycline; this finding further supports the idea that complexing is via the 
dimethylamino groups. 


Apparently, Ca(1t) and Mg(r1) do not complex as strongly with mino- 
cycline as they do with tetracycline and demeclocycline. Due to the close 
proximity of their reduction potential to that of potassium ion, it was not 
possible to obtain quantitative data in the form of complexation pa- 
rameters for Ca(l1) and Mg(1t). However, these two ions had no effect on 
the polarogram of minocycline (Table 111). The lack of an apparent in- 
teraction between Ca(tI) and minocycline is consistent with the low effect 
of dairy products on the in vivo availability of this analog compared to 
tetracycline and other derivatives (7). This effect may also be indicative 
of an interaction between Ca(It) and Mg(l1) and the various tetracyclines 
that is different from that of other cations (1). 


The general effect of cation addition on tetracycline, minocycline, and 
demeclocycline solutions was to decrease the peak current in the polar- 
ograms (Table III and Fig. 2). This effect was not uniform. A~(III), Fe(lIr), 
and Fe(1t) had significant effects on all three derivatives studied. With 
Fe(1Ir) and tetracycline, the effect was observable at a peak potential of 
-1.04 v but not a t  -1.35 v. Ca(1r) had a significant effect on the tetracy- 
cline and demeclocycline polarograms but not, as noted, on those of mi- 
nocycline. Again the Ca(lI)-tetracycline interaction appeared a t  a peak 
potential of -1.04 v but not a t  -1.35 v. 


The dependence of the observed effect on peak potential is possibly 
related to the point of attachment between the cation and the tetracycline 
molecule. The present data, however, do not permit any definitive con- 
clusion about that  relationship. Zn(1r) had no effect on the -1.35-v peak 
of the tetracycline polarogram. It was not possible to determine if an 
interaction occurred in the -1.0-v region due to the reduction of the 
cation itself. The interaction between AI(III) and the three tetracycline 
derivatives appears to be somewhat different from that of Fe(1I) and 
Fe(ttt). The tetracycline and demeclocycline complexes of both iron salts 
and the minocycline-Fe(I1) complex exhibited more negative peak po- 
tentials than the uncomplexed species, which is the usual observation 
with complexed species (8). However, Al(111) complexes exhibited a 
positive shift in peak potential with increasing ligand concentration. 


The relative magnitude of the formation constants (Table 11) for the 
three cations studied is consistent with previous observations made under 
different experimental conditions (2). The values for the coordination 
numbers determined by this technique (Table 11) are generally consistent 
with those reported for tetracycline derivative complexes (1,2). However, 
both significant clinical effects (9) and spectrophotometric changes occur 


Table 111-Relative Effect a of Cations on Peak Cur ren t s  in Tetracycline Derivative Polarograms 


Derivative A ~ ( I I I )  F e ( W  Fe(I1) Ca(rt) Mg(11) Zn(11) 


Tetracycline ++ + + b  ++ + + b  ++ O b  
Minocycline ++ ++ ++ 0 0 
Demeclocvcline ++ ++ ++ ++ + 


- C 


- c 


0 = no effect, + = moderate effect, and ++ = significant effect. * Effect depends on peak potential. No data. 
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a t  equimolar ratios of tetracycline to cation5 (3). Therefore, even partial 
complexing can have important effects on both in uiuo and in uitro tet- 
racycline interactions. 
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Abstract  t3 Photolytic decomposition of indapamide (I) in nitrogen- 
flushed methanol yields 3-sulfamoyl-4-chlorobenzamide (II), 2-meth- 
ylindoline (III), semicarbazide (IV), and l-(N-formamido)-2-methylin- 
doline (V); in oxygen-flushed methanol, 11-V, I-aminocarboxymethyl- 
2-methylindoline (VI), 8-sulfamoyl-4-chlorobenzoic acid (VII), 
methyl-3-sulfamoyl-4-chlorobenzoate (VIII), and 2-(N-acetamido)- 
benzoic acid (IX) are formed. A comparison is made with thermal de- 
composition of 1. 


Keyphrases Indapamide-photolytic decomposition, thermal de- 
composition, decomposition products identified Photolysis-indap- 
amide, products identified 0 Thermolysis-indapamide, products 
identified Diuretics-indapamide, photolytic and thermal decompo- 
sition, products identified 


There has recently been a growth in drug photosensiti- 
zation studies. Numerous drugs have photosensitizing 
properties (l), and these properties appear to show a cor- 
relation with in oioo photosensitivity. In particular, the 
saluretic furosemide exhibits a high affinity for oxygen 
under UV irradiation, and this affinity may be related to 
the reported skin rash reaction among patients taking the 
drug (2). 


As part of detailed studies of indapamide [N-(3-sul- 
famoyl-4-chlorobenzamido)-2-methylindole] (I), a com- 
pound with prolonged saluretic action (3), a study of the 
photolytic decomposition of this compound was con- 
ducted. In contrast to earlier studies (l), the products of 
in uitro photolytic decomposition were identified prior to 
in uivo experiments. 


EXPERIMENTAL’ 


Indapamide (I) was supplied as a pure compound2. 2-Methylindoline 
(HI), semicarbazide (IV), and 2-(N-acetamido)benzoic acid (IX) were 
supplied as pure reference compounds3. 


Mass spectra were recorded on an A.E.I. MS9 spectrometer, IR spectra were 
recorded on a Perkin-Elmer 257 spectrophotometer, NMR spectra were recorded 
on a Perkin-Elmer R.10 spectrometer, and UV spectra were recorded on a Unicam 
S P  Boo0 spectrophotometer. * Les Laboratories, Servicer, Gidy, France. 


3 Servier Laboratories, Green ford, Middlesex, England. 


N+;t d“.“ 
I 


M I solutions 
in nitrogen- or oxygen-flushed methanol. The reactant solutions were 
contained in the inner well of a cylindrical quartz reaction vessel, which 
was mounted vertically before a 1000-w Hanovia medium-pressure 
mercury lamp. A filter solution of saturated aqueous copper sulfate was 
pumped through the annular space (4-mm i.d.) surrounding the inner 
well of the reaction vessel and also was pumped through a heat-exchanger 
to maintain the reactant solution a t  293%. The filter solution had a short 
wavelength cutoff a t  300 nm. After photolysis for 12 hr, the solution was 
evaporated to dryness under reduced pressure. The residue was dissolved 
in a small volume of redistilled methanol prior to spotting on TLC 
plates. 


Thermal decompositions were performed by heating samples in an 
automatic thermo-recording balance4. A I-g sample of I was heated either 
a t  a constant rate of 5’K/min from ambient temperature to 453’K until 
the weight loss rate stabilized or at 453OK for 12 hr while the sample 
underwent a regular and continuous weight loss. The solids were dissolved 
in redistilled methanol prior to spotting on TLC plates. 


Preparative TLC was performed using 20 X 20-cm plates coated with 
a I-mm layer of silica gel5. Two solvent systems were used for plate de- 
velopment: 1, 100% dirnethyl carbonate; and 2, the top layer obtained 
after vigorously shaking pentan-1-01 (85 ern3) and ammonia (specific 
gravity 0.880, I5  cm3) together and then allowing them to stand. All sol- 
vent systems were prepared fresh daily, and not more than two devel- 
opmenta were carried out in any one preparation. 


After development, reactant and product spots were visualized under 
UV light, scraped off the plates, and extracted into a small volume of 
redistilled methanol, which was evaporated to dryness under reduced 
pressure. The residual material was identified spectroscopically. 


Photolytic decompositions were performed on 2.7 X 


RESULTS AND DISCUSSION 


The results relating to the identification of the products formed by I 
photolysis are summarized in Table I. These products arise principally 
as a result of bond cleavages in the N-NH-CO-C linkage. 


4 Stanton. 
5 Merck GF254. 
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electron-transport chain. In uiuo studies showed drastic increases in the 
reduced forms of chain cofactors with either inalate o r  succinate as the 
substrate. In uiuo hrusatol effects were more striking than in uitro effects 
on reducing cofactors, which may explain the observed increased effects 
of hrusatol on in uivo states 4 and 3 respiration after 3 days of treatment 
as compared to in uitro effects. UV in uitro studies showed that brusatol 
chemically interacted with nadide increasing the reduced form ahsorb- 
ance a t  340 nm. Cytochrome c, a heme, also was reduced in the presence 
of hrusatol to the ferrous form with an increase in absorbance a t  550 
nm. 


Although separation of the brusatol adduct and reduced nadide has 
not been achieved to date, incubation of the two  agents showed that a 
possible reaction product existed. Nucleophilic attack of reduced nadide 
on the diosphenol ring A of brusatol may he postulated. If such an attack 
occurs, then complexation or alkylation of cofactor or functional groups 
of enzymes could account for the inhibitory effects of brusatol on P-388 
lymphocytic leukemia cell metabolism with respect to the suppression 
of tumor cell anaerobic and aerobic respiration. 
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Abstract  The natural abundance I3C-NMR spectra of five ol-adren- 
ergic blocking agents, tolazoline, dibenamine, azapetine, phenoxy- 
benzamine, and phentolamine, are reported. The chemical shifts of 
various carbon resonances were assigned on the basis of chemical shift 
theory, multiplicities observed in single-frequency off-resonance-de- 
coupled spectra, relaxation times, and comparisons with the chemical 
shifts of model compounds. 


Keyphrases NMR spectroscopy-analysis, tolazoline, dibenamine, 
azapetine, phenoxybenzamine, phentolamine 0 a- Adrenergic blocking 
agents-analysis, NMR spectroscopy 


Earlier studies reporting the 13C-NMR spectra of anti- 
malarials (1,2), anti-inflammatory agents (3 ,4) ,  antipy- 
retic analgesics ( 5 ) ,  and central nervous system acting 
agents (6-10) prompted the assignments of the natural 
abundance ‘3C-NMR chemical shifts of a-adrenergic 
blocking agents, 2-benzyl-2-imidazolone (I) (tolaz- 
oline), N,N-dibenzyl-6-chloroethylamine (XI) fdibena- 
mine), 6,7-dihydro-6-(2-propenyl)-5H-dibenz[c,e]azepine 
(111) (azapetine), N- (2-chloroethyl) - N -  ( 1 -methyl-2-phe- 


noxyethy1)benzenemethanamine (IV) (phenoxybenza- 
mine), and,3-[ [ (4,5-dihydro- 1H-imidazol-2-y1)methylJ (4- 
methylphenyl)amino]phenol (V) (phentolamine). The 
13C-NMR spectra of these therapeutic agents are of the- 
oretical as well as of biological interest. 


Both the proton noise-decoupled and single-frequency 
off-resonance-decoupled (SFORD) spectra of I-V were 
recorded using the Fourier transform technique. The 
proton noise-decoupled spectra of these compounds gave 
the chemical shifts of various carbon resonances, while the 
SFORD spectra provided the distinction of methyl, 
methylene, methine, and nonprotonated carbons. Fur- 
thermore, the relaxation time measurements differentiated 
nonprotonated carbons from protonated carbons. 


The assignments of various carbon-13 signals were made 
on the basis of chemical shift theory (ll), multiplicities 
observed in the SFORD spectra, percent integration of the 
signals in the proton noise-decoupled spectra, relaxation 
times, and chemical shifts of the corresponding carbons 
of model compounds (12). 
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I1 


2 1  


N-~H~(:H=cH, 


111 


!V 
EXPERIMENTAL 


The I3CC-NMR spectra of I-V were obtained on a spectrometer' oper- 
ating at 15.00 kHz with tetramethylsilane as a reference. The samples 
were run in a 10-mm tube with deuterochloroform (30% w/v) as an in- 
ternal lock and solvent for I-IV and deuterated dimethyl sulfoxide (30% 
w/v) as an internal lock and solvent for V. The spectrometer settings were: 
spectral width, 4 kHz; pulse width, 12 psec (60'); and data points, 4 K. 
Relaxation time ( T I )  measurements of all compounds were carried out 
in undegassed solutions and were calculated automatically by the com- 
puter by least-squares analysis (13) of the plot of In (I - I t )  uersus 7'. 


Azapetine phosphate and the hydrochlorides of tolazoline, dihenamine, 
phenoxybenzamine, and phentolamine, were converted into the corre- 
sponding free bases prior to the determination of their W - N M R  
spectra. 


RESULTS AND DISCUSSION 


Tolazoline (1)-The chemical shifts and relaxation times of various 
I carbon resonances are recorded in Table I. The SFORD spectrum of 
I showed two singlets, two doublets, and two triplets. The two singlets 
farthest downfield having longer relaxation time are due to C-2 and C-7. 
Since the methyl substituent in the benzene nucleus causes an 8.9-ppm 
downfield shift to the ipso-carbon ( l l ) ,  the singlets a t  136.1 and 166.5 
ppm are assigned to C-7 and (2-2, respectively. 


The C-10 chemical shift could be differentiated from the C-8 and C-9 
chemical shifts by its shorter relaxation time (7'1). In I, C-10 is para to 
the methylene substituent of the benzene nucleus. It should have a 
shorter T I  value compared to C-8 and C-9 due to the anisotropic motion 
along the preferred long molecular axis, i.e., from C-6 to C-10, where C-8 
and C-9 show more motion, resulting in longer T I  values due to less fa- 


Table I-W-Chemical Shifts of Tolazoline 


Relaxation Chemical 
Assignment" Multiplicity" TimeC Shiftd 


c - 2  
c - 7  
C-8, C-9 
c-10 
c-4,  c - 5  
C -6 


15.20 166.5 
26.10 136.1 
3.21 128.5 
1.68 126.7 
1.02 49.5 
2.40 35.7 


a Numbering of the carhons is shown in the structure. Signal multiplicity ob- 
tained from SFORD spectrum; s = singlet, d = doublet, t = triplet, and q = quartet. 
C Relaxation time was measured in undegassed solution. Chemical shifts are ex- 
pressed in parts per million relative to tetrarnethylsilane. 


Jeol FX 60. 


Table  II--'3C-Chemical Shifts of Dibenamine 


Relaxation Chemical 
Assignment" Multiplicityb 'rime' Shiftd 


c - 4  < 
c-5' 
C-6V 


d 
d 


1.02 
1.03 


128.5 
128.1 


c - 7  d 0.75 126.9 
C-3 t 0.60 58.3 
c - 2  t 0.60 55.1 
C-1 t 0.98 41.6 


See Tahle 1. May be interchanged. 


vorable dipole-dipole interaction (I 1). Also, methyl substituents in the 
henzene ring produce 0.1- and 2.9-ppm upfieid shifts to meta- and 
para-carbons, respectively, and a 0.7-ppm downfield shift to the ortho- 
carbon (11). On this basis and the percent integration of signals, the 
douhlet centered a t  126.7 ppm is assigned to C-10 and the doublet a t  128.5 
ppm is assigned to both C-8 and C-9. These assignments compare well 
with their calculated values. 


The C-4 and C-5 of the I imidazole ring are directly attached to the 
nitrogen atom and are in the same environment, so the signals due to 
these carbons should be observed a t  the same place. On this basis and 
the percent integration of the signals, the triplet centered at 35.7 ppm 
is assigned to C-6 and the triplet at 49.5 ppm is assigned to both C-4 and 
(2-5. 


Dibenamine (11)-As is evident from Table 11, one singlet and three 
doublets in the downfield region and three triplets in the upfield region 
are observed in the 13CC-NMR spectrum of 11; these signals account for 
all 16 carbon resonances. The four signals in the downfield region rep- 
resent the 12 aromatic carbon resonances due to the plane of symmetry. 
The farthest downfield singlet a t  138.9 ppm having a longer relaxation 
time is attributed to C-4. Considering the effect of a methyl substituent 
on the henzene nucleus (1 1) and the relaxation times of C-5, C-6. and C-7, 
where C-7 should have a shorter 7'1 value compared to C-5 and C-6 ( l l ) ,  
the doublets centered a t  128.5, 128.1, and 126.9 ppm are assigned to C-5, 
C-6, and C-7, respectively. The assignments of C-5 and C-6 could be in- 
terchanged. Furthermore, these assignments compare well with the 
chemical shifts of the corresponding carbons of I and VI (12). 


Previous studies reported that the amino group in aliphatic amines 
exhibits 20- and 2-ppm downfield shifts tn a- and @-carbons, respectively 
(11). Also, chlorine in alkyl chlorides causes 23- and 2-ppm downfield 
shifts to a- and P-carbons, respectively (11). Both a- and @-carbons cause 
an -9-ppm downfield shift while the y-carbon produces a 2-ppm upfield 
shift (1 1). The chemical shift of the methyl group carbon resonance in 
toluene is 21.2 ppm (12). The C-3 is directly attached to the nitrogen atom 
and has two p- and one y-carbons. Thus, the triplet centered at 58.3 ppm 
is best assigned to C-3. The C-1 has one a-chlorine, one a- and two 
y-carbons, and one &nitrogen; C-2 has one a- and two @-carbons, one 
a-nitrogen, and one &chlorine. Considering these effects on the base peak 
of ethane (11). the triplets centered a t  55.1 and 41.6 ppm are attributed 
to C-2 and C-1, respectively. 


Azapetine (111)-The chemical shifts of the carbon resonances of I11 
obtained from i t s  I3C-NMR spectrum and their relaxation times are re- 
corded in Table 111. The structure of I11 indicates that there is a plane 
of symmetry that reduces half of the aromatic carbon resonances. The 
signals a t  140.9 and 134.4 ppm, observed as singlets in the SFORD 
spectrum of I11 and having longer relaxation times, must be due to C-5 
and C-10. A phenyl substituent in the benzene ring produces a 13.1-ppm 
downfield shift to the ipso-carbon and a 1.1-ppm upfield shift t o  the 
ortho-carbon, and a methyl group causes 8.9- and 0.7-ppm downfield 
shifts to ipso- and ortho-carbons, respectively (11). The singlets a t  140.9 
and 134.3 ppm are assigned to C-10 and C-5, respectively. 


The chemical shift of the ethylene carbon resonance is 123.3 ppm (11). 
The vinylic carbon C-2 has one a- and two y-carbons and one j3-nitrogen 
while C-1 has one a'- and two 7'-carbons and one 8'-nitrogen. The a- and 
y'-carbons cause 10.6- and 1.5-ppm downfield shifts, respectively, while 
y and a' produce 1.5- and 7.9-ppm upfield shifts, respectively, in alkenes 
(11). The @-nitrogen exhibits a 2-ppm downfield shift (11). On this basis, 
the doublet centered a t  136.1 ppm and the triplet centered a t  117.7 ppm 


CHI 
?: b l R  I 


VI 
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Table III--’3C-Chemical Shifts of Azapetine Table V-’3C-Chemical Shifts of Phentolamine 


Relaxation Chemical 
Assignment” Multiplicityh TimeC Shiftd 


Relaxation Chemical 
Assignmenta Multiplicity* TimeC Shiftd 


C-10 S 
C-2 d 
c-5 ’4 
C-6 d 
c-7p - 
C-8‘, ‘2-9‘ - 
c-1  t 
C -9 t 
C-4 t 


21.30 140.9 
1.80 136.1 


15.00 134.3 


0.75 58.2 
0.68 54.5 


See Table 1. e See Table 11. 


are assigned to C-2 and C-1, respectively. Thesignals a t  129.5and 127.7 
ppm are assigned to C-6 and C-7, respectively, and the signal at  127.4 ppm 
is assigned to both C-8 and C-9 on the basis of chemical shift theory and 
percent integration of the signals. The assigndents of C-7, C-8, and C-9 
may be interchanged. 


The upfield triplets centered a t  58.2 and 54.5 ppm are assigned to C-3 
and (2-4, respectively, on the basis of chemical shift theory and signal 
intensity observed in the proton noise-decoupled spectrum of 111. 


Phenoxybenzamine (1V)-The chemical shifts and relaxation times 
of the various carbon resonances of IV are recorded in Table IV. Thirteen 
separate signals in the proton noise-decoupled spectrum account for the 
18 carbon resonances of IV. The carbon resonances of C-4 and C-10 could 
be easily separated from the others due to their longer relaxation times 
and multiplicities in the SFOHD spectrum. Since methoxy and methyl 
substituents in the benzene nucleus exhibit 31.4- and 8.9-ppm downfield 
shifts to the ipso-carbon (11). respectively, the singlet at 158.7 ppm is 
assigned to C-10 and the singlet at  140.1 ppm is assigned to C-4. The 
benzene ring methoxy group causes a 1-ppm downfield shift to the 
rneta-carbon and 14.4- and 7.7-ppm upfield shifts to ortho- and para- 
carbons, respectively (11). The chemical shift due to the methyl sub- 
stituent in the benzene ring was already mentioned in the assignment 
of I carbon resonances. Thus, on the basis of signal intensities, multi- 
plicities in the SFOKD spectrum, and effects of methyl and methoxy 
substituents on the benzene ring, the doublets centered a t  129.2, 128.2, 
126.9,120.5, and 114.3 ppm are attributed to C-12, both C-5 and C-6, C-7, 
C-13, and C-11, respectively. Furthermore, the assignments of C-4, C-5, 
C-6, and C-7 are in agreement with the corresponding carbon chemical 
shifts of 11. 


The farthest upfield quartet centered a t  13.1 ppm could he easily as- 
signed to C-14 on the basis of multiplicity and chemical shift theory. The 
signals a t  42.9,54.5, and 55.6 ppm are assigned to C-1, C-2, and C-3, re- 
spectively. These assignments are based on chemical shift theory and 
comparisons with the corresponding carbon chemical shifts of 11. The 
chemical shift of C-3 is observed upfield compared to C-3 of I1 because 
C-3 of IV has two more y-carhons, which produce about a 2-ppm upfield 
shift. The C-9 has one o-, one P-, and two y-carbons, one a-oxygen, and 
one P-nitrogen while C-8 has two a-, two 0-, and one y-carbons, one 
a-nitrogen, and one P-oxygen. Considering the chemical shifts caused 
by carbon, nitrogen, and oxygen atoms ( 1  l ) ,  the triplet centered a t  70.0 
ppm is assigned to C-9 and the signal a t  52.9 ppm is assigned to C-8. 


Phentolamine (V)-The chemical shifts and relaxation times of the 
V various carbon resonances are shown in Table V. The SFORD spectrum 
gave five singlets, five doublets, two triplets, and one quartet. The singlets 
were confirmed by their longer relaxation times. The farthest downfield 


Table IV--’3C-Chemical Shifts of Phenoxybenzamine 


Relaxation Chemical 
Assignment” Multiplicityb Time‘ Shiftd 


c-10 ’4 12.10 
c-4 ’4 6.80 
c-12 d 0.92 
c-5,  c-6 d 0.76 
c-7 d 0.46 
C-13 d 0.48 
c-11 d 1 .oo 
c - 9  t 0.35 
C-3 - 0.43 
c-2 - 0.62 
‘2-8 - 0.38 
C-1 t 0.57 
C-14 q 0.84 


0-d See l’ahle 1. 


158.7 
140.1 
129.2 
128.2 
126.9 
120.5 
114.3 
70.0 
55.6 
54.5 
52.9 
42.9 
13.1 


c - 2  
c-15 
C-18 
c - 7  
C-I0 
C-9, C-11, C-17 
c-8, c-12 
(2-18 
C-16 
C-14 
C-6 
(2-4, c - 5  
c-19 


S 
S 
S 
S 
S 
d 
d 
d 
d 
d 
t 
t 
Q 


2.60 165.9 
2.00 158.3 
3.10 149.6 
3.70 145.0 
2.80 132.2 
0.34 129.7 
0.31 123.9 
0.14 108.2 
0.12 107.2 
0.18 104.9 
0.10 51.1 
0.13 49.1 
0.92 20.4 


0-d See Table 1. 


singlet a t  165.9 ppm is assigned to C-2 by comparing the chemical shift 
of C-2 in I. Considering the chemical shifts caused by amino, hydroxy, 
and methyl substituents on the benzene ring ( I l ) ,  the singlets a t  158.3, 
149.6, 145.0, and 132.2 ppm are assigned to (2-15, C-13, C-7, and C-10, 
respectively. The doublet centered a t  129.7 ppm is assigned to C-9, C-11, 
and C-17, and the doublet a t  123.9 ppm is assigned to C-8and C-12. The 
remaining doublets a t  108.2,107.2, and 104.9 ppm are assigned to C-18, 
C-16, and C-14, respectively. The assignments are made on the basis of 
chemical shift theory (11) and signal intensity. 


The quartet centered at 20.4 ppm is attributed to C-19, which agrees 
well with the toluene methyl carbon chemical shift (12). The triplet 
centered a t  49.1 ppm is assigned to C-4 and C-5 on the hasis of signal 
intensity and chemical shift theory. Furthermore, this assignment is 
supported by the corresponding carbon chemical shifts of 1. The re- 
maining triplet centered a t  51.1 ppm is assigned to C-6. 
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OPEN FORUM 


Identical Bioequivalence? 


It has been heard, with increasing frequency, from some 
professional pharmacists and academicians that decisions regarding 
bioequivalence between “identical” products will be impossible for a 
pharmacist to make until strict regulatory guidelines are developed. 
This “cookbook” approach to bioequivalency seems to me to  be 
irrational a t  best and demeaning to the profession of pharmacy at  
worst. 


Regulatory guidelines in terms of physical and biological effect 
characteristics of drug products, as base guidelines, could be 
misleading and confusing. For example, a high variation in established 
bioequivalency parameters might be acceptable for, for example, 
aspirin tablets. However, lifesaving and potentially dangerous drug 
forms such as digoxin tablets would require a narrower allowable 
variation. These variable limits would necessitate the stating of each 
acceptable level of variation for each stated bioequivalency parameter 
that would differ from drug to drug, dosage form to dosage form, and 
formulation to formulation. 


I believe that a set of cornpendial or “quasicompendial” regulations 
or guidelines for bioequivalency determination would be needed only 
by the truly incompetent professional. The judgmental nature of the 
decision necessitates that it be made by a knowledgeable professional 
weighing appropriate negative and positive aspects. 


differences in bioequivalency parameters could exist and would not 
preclude product selection of the “inferior” brand. What if there is a 
large monetary savings to the patient with little or no demonstrable 
compromise in therapeutic effect, as could conceivably occur with 
aspirin tablets USP? What if a pharmacist wants to prepare 
extemporaneously a potassium chloride elixir with a more palatable 
flavor for an individual patient rather than using a prescribed trade 
name product rejected by the patient on the basis of taste? 


guidelines dealing with bioequivalency remove a professional 
judgmental prerogative that the pharmacist only recently gained and 
leave in its place regulations that could confuse patients and 
needlessly restrict decisionmaking of highly trained professionals. I 
think that informal published guidelines (by APhA or other 
scientificfprofessional groups) would keep the pharmacist apprised of 
the status of bioequivalency and still maintain the prerogatives 
essential to a viable profession. 


For example, I can visualize several instances where valid 


The major issue is whether cornpendial or regulatory agency 
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solution behavior, dl is the total polar-nonpolar solvent solubility 
parameter, and 82 is the nonpolar solute parameter. 


The value of W in any solvent may be back-calculated using a 
simple computer program to solve a polynomial equation. Once W is 
obtained, the approximate solubility of the compound in a solvent of 
known solubility parameter, ranging from nonpolar hydrocarbons to 
alcohols, glycols, and water, may be calculated. 


Table I lists solubility results for naphthalene in several solvents. 
The experimental data are those of Gmehling et al. ’. The method 
yields solubilities in good correspondence with experimental results, 
except where unusally strong solute-solvent interactions exist. 


method. With experimental solubilities, a W is obtained for solvent- 
solute pairs of known solubility by employing Eq. 2. The W’s are 
regressed against a polynomial (quartic) in 61 for as many 
experimental solubilities as are available. From the data in Table I, 
one obtains the expression: 


The following example for naphthalene in ethanol demonstrates the 


W = -344.1932 + 144.020761 - 18.82386; + 1.12506: - 0.02426: 
(Eq. 3) 


To obtain the solubility in ethanol (assumed in this sample to be 
unknown), one back-calculates W using an ethanol 61 value of 12.79 
(total solubility parameter of Hoy and Martin3). One then obtains X Z  
by the application of Eq. 4: 


AHL T m - T  + A(6: + 6 ;  - 2W) (Eq. 4) -log xz = ~- 
2.303RT T,,, 


The negative logarithm of the ideal solubility of naphthalene at 40’ 
(first right-hand term of Eq. 4) is 0.3565, and A is 0.06458. 


compared with 124.659 obtained from experimental solubility results. 
The solubility of naphthalene in ethanol a t  40’ is then obtained using 
the modified Hildebrand expression (Eq. 4): 


The regression in 61 (Eq. 3) yields a value of 124.946 for Was 


log X z  = - (0.3565 + 0.06458((12.79)2 
+ (9.89)’ - 2(124.946)]) (Eq. 5) 


where X Z  (calc.) = 0.080 and X2 (exp.) = 0.073. An equation relating 
log cuz/A and 61 may also be written by substituting the expression for 
W from Eq. 3 into Eq. 4, and one may thus obtain predicted 
solubilities more directly. 


As a means of estimating the solubility in individual and mixed 
solvents, the classical Hildebrand approach has frequently been 
criticized for its incapacity to deal with solute-solvent interactions 
any  stronger than van der Waals dispersion forces. This new approach 
handles ill-behaved systems such as ethanol-naphthalene where the 


Table I-Predicted Solubilities of Naphthalene (62  = 9.89) in 
Various Solvents at 40” 


New Solubility Equation 


We wish to report a new approach to extend the Hildebrand- 
Scatchard regular solution theory’ to include strong solvent-solute 
interactions of hydrogen bonding and other types. 


The modified Hildebrand approach provides results over the 
solvent range from nonpolar to polar. The activity coefficient of the 
solute, to be derived in a paper under preparation, takes the form: 


log ( ~ p  = A(& - 6 ~ ) ~  + A(26162 - 2W) 0%. 1) 


logap=A(6:+6$-2W) (Eq. 2) 


where A is a quantity from regular solution theory that includes the 
solvent volume fraction and the solute molar volume, W is a term for 
the solute-solvent interaction to account for deviations from regular 


xz xz 
(0 bs.), (calc. ), 


W(Eq. 2)a  Ref. 2 Eq.4 Solvent 61 A 


Hexane 


Chloroform 


Acetone 


C yclohexanol 


Isopropanol 


n -Butanol 


11 -Propano1 


Ethanol 


Acetic acid 


Methanol 


7.27 


9.14 


9.62 


10.92 


11.50 


11.60 


12.18 


12.79 


12.94 


14.50 


0.05539 


0.0523 


0.02124 


0.04847 


0.06867 


0.06353 


0.06417 


0.06458 


0.05306 


0.06778 


72.652 
(72.634) 
89.645 


(89.781) 
93.625 


(93.613) 
105.527 


(104.773) 
109.476 


(110.453) 
111.629 


(1 11.486) 
117.862 


(117.784) 
124.659 


(124.946) 
127.210 


(126.780) 
146.654 


(146.689) 


0.222 


0.473 


0.378 


0.225 


0.076 


0.116 


0.094 


0.073 


0.117 


0.044 


0.221 


0.413 


0.378 


0.190 


0.103 


0.111 


0.092 


0.080 


0.105 


0.044 


a Quantity in parentheses is the value of W back-calculated using Eq. 3. 
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temperature is calculated from the slope as described previously (23). 
The activation energy for the transport process for each solvent system 
is obtained from the slope of an Arrhenius plot of log permeability con- 
stant uersus the reciprocal of the absolute temperature (Fig. 7). The 
permeability coefficients a t  each temperature and the activation energy 
for each system are shown in Table IV, with the expected inverse order 
between the rate ratio and the activation energy being observed. 
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Abstract A high-performance liquid chromatographic (HPLC) 
method was developed for the assay of 2-chloro-5-(1H-tetrazol-5-yl)- 
4-[(2-thienylmethyl)amino]benzenesulfonamide (I) in animal feed diet 
mixtures. The sample is extracted with acetone, an aliquot of the extract 
is evaporated to dryness, and the residue is dissolved in chloroform. This 
solution can be subjected to either of two cleanup procedures. The first 
traps I on a sodium hydroxide-diatomaceous earth column. Compound 
I is then recovered using an acetic acid+thyl acetab-chloroform eluent, 
which is removed by evaporation, followed by dissolution of the residue 
in aqueous sodium hydroxide. The second procedure involves the direct 
extraction of I from the chloroform solution. A linear relationship exists 
between the HPLC UV detector response at  254 nm and concentration 
up to 170 pg/ml. The sodium hydroxide extraction procedure resulted 
in an overall recovery (fSD) of 92.9 f 1.6 and 97.4 i 1.8% (n = 5) at levels 
of 200 and 6000 ppm, respectively. Overall recoveries (fSD) obtained 
by the diatomaceous earth column procedure for the 200- and 6000-ppm 
levels were 90.0 f 2.0 and 95.9 f 1.6% ( n  = 51, respectively. 


Keyphrases o Azosemide-analysis, high-performance liquid chro- 
matography, commercial animal feed 0 Diuretic agents-azosemide, 
high-performance liquid chromatographic analysis, commercial animal 
feed 0 High-performance liquid chromatography-analysis, azosemide, 
commercial animal feed 


Azosemide, 2-chloro-5-(1H-tetrazol-5-yl)-4-[(2-thien- 
ylmethyl)amino] benzenesulfonamide (I), is a new diuretic 
and saluretic agent (1). The drug has been formulated into 
tablets, injectable solutions, and lyophilizates in combi- 


nation with other diuretics for the treatment of hydropic 
conditions (2,'3). 


In long-term toxicological studies, drug administration 
to laboratory animals is usually done by incorporation into 
feed because of the inconvenience of individual manual 
dosing and the time involved in preparing individual 
dosages. Analytical methodology is required to determine 
that appropriate dosages are administered and that the 
drug is uniformly distributed and stable in the feed mix 
under the storage conditions used. Recent papers dealt 
with the determination of cyclobenzaprine, sulindac, 
halofenate, estradiol, and phenobarbital in animal feed 
mixtures for use in toxicity and/or carcinogenesis studies 
(4-6). 


Reported quantitative analyses of sulfonamides in an- 
imal feed include spectrophotometric measurement of the 
diazotized sulfonamide after alumina column cleanup (71, 
GLC assay after purification by conventional extraction 
methods (8, 9), quantitative TLC (lo), and spectropho- 
tofluorometry and GLC after successive percolation 
through silica and alumina columns or successive base-acid 
extractions (1 1). 


This paper presents a method for the assay of I in animal 
feed mix at 200- and 6000-ppm levels using high-perfor- 
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Table I-Comparative Study of Cleanup Procedures with and 
without Soxhlet o r  Manual Acetone Extraction 


Recovery of I, % 
Dry Feed Mixa 


Cleanup Procedure Soxhlet Manual Feed Extract" 


Procedure a - 87.1-92.2b 87.4-91.7b 
Procedure b 81.4-86.0b 91.0-94.5b 94.6-15.6c 
Successive base-acid-base 79.9-86.2e 91.4-93.1 94.1-95.7c 


determinations. Range of two determinations. 
Using 0.2 mg of I/g of dry feed or 0.02 mg of I/mi of feed extract. * Range of three 


mance liquid chromatography (HPLC) after cleanup of the 
feed extract by two different procedures. 


EXPERIMENTAL 


Apparatus-The following were used: a high-performance liquid 
chromatograph' fitted with a sample injection valve with a 2 0 4  sample 
loop2, a fixed-wavelength UV detector (254 nm), and an electronic 
computing integrator3 provided with a teletypewriter4; a glass chroma- 
tography tube, 15 mm (i.d.) X 350 mm, with a polytef stopcock; a me- 
chanical shaker; a centrifuge; and 50-ml centrifuge tubes fitted with 
polytef-lined screw caps. 


Reagents and Materials-The following were used I, mp 210" dec.6; 
diatomaceous earthe; animal feed7; 25% (v/v) acetonitriles in 0.1 M pH 
3.2 phosphate buffer; and acetic acid-ethyl acetate-chloroform (0.15: 
525). All chemicals were analytical grade. 


HPLC Conditions-A 100-cm X 2.1-mm (i.d.) column packed with 
37-50-pm Bondapak phenyl/Corasilg was used at ambient temperature. 
An isocratic mobile phase system of acetonitrild.1 M pH 3.2 phosphate 
buffer (2575) was delivered at  the rate of 1 ml/min (-600 psi). The de- 
tector was attenuated to 0.08 and 0.16 aufs for the 200- and 6000-ppm 
samples, respectively. 


Standard Solution Preparation-About 25 mg of I was weighed 
accurately into a 100-ml volumetric flask. About 80 ml of 0.01 M NaOH 
was added and shaken for 15 min to dissolve the solid. The solution was 
diluted to volume with 0.01 M NaOH and mixed well. Twenty milliliters 
(for use with purification Procedure a) or 10.0 ml (for use with Procedure 
b) of this solution was pipetted into a 100-ml volumetric flask, diluted 
to volume with 0.01 M NaOH, and mixed well. 


Diatomaceous Earth Column Preparation-A small glass wool plug 
was placed at the base of the glass chromatographic tube. Two grams of 
diatomaceous earth AW was transferred to the tube and tamped lightly. 
Three grams of diatomaceous earth and 1.5 ml of 0.1 M NaOH were 
mixed gently and transferred to the tube. The tube was tapped on a 
padded bench to settle the packing and then tamped very lightly but 
evenly. 


Sample Preparation-About 10 or 5 g of sample for concentrations 
of 200 or 6000 ppm, respectively, was weighed accurately into a glass- 
stoppered, 250-ml boiling flask. About 25 ml of acetone was added, and 
the flask was stoppered and shaken for 20 min. The extract was filtered 
through a glass wool pledget into a 100-ml volumetric flask. The extrac- 
tion was repeated three more times with 20-ml portions of acetone. The 
flask and filter were washed with acetone, and the washings were used 
to dilute the combined extract to volume. 


About 40 ml of the solution was transferred to a centrifuge tube, and 
the tube was capped and centrifuged a t  -2000 rpm for 2 min. Then 25.0 
or 30.0 ml of the clear supernatant liquid for purification Procedure a or 
b, respectively, for the 200-ppm sample or 2.0 ml for both purification 
procedures for the 6000-ppm sample was pipetted into a glass-stoppered, 
100-ml boiling flask and evaporated to dryness on the rotary evaporator 
at -45". Acetone traces were removed under a nitrogen stream, and the 
residue was subjected to one of the following cleanup procedures. 


Procedure a: Diatomaceous Earth Column Cleanup-About 10 ml 
of water-saturated chloroform was added and shaken to dissolve the 


Model 8500, Varian Associates, Palo Alto, Calif. * Model 70-10, Rheodyne, Berkeley, Calif. 
3 Model 3370 A, Hewlett-Packard. Avondale, Pa. 
4 Model ASR 33, Hewlett-Packard, Avondale, Pa. 
6 Boehringer, Mannheim G.M.b.H., West Germany. * Celite 545 AW, Supelco Inc., Bellefonte, Pa: 
7 Purina Laboratory Chow, Ralston Purina Co., St. Louis, Mo. 
8 Burdick & Jackson, Muskegon, Mich. 
9 Waters Associates, Milford, Mass. 


Table 11-Recovery of I from Spiked Feed Mix at 200 and 6000 
DDm 


Amount of I Found, 
Amount of I ppm Recovery, % 
Added, ppm Procedure a Procedure b Procedure a Procedure b 


200 ppm 
199.6 174 - 87.2 - 
199.3 - 188 - 94.3 
200.2 
202.0 
198.2 
194.7 
201.6 


185 92.4 


- 89.3 - 203.7 182 
Overall recovery, 90.0 92.9 


SD 2.0 1.6 


5994 - 5870 - 97.9 
6034 5920 6060 98.1 100.4 
5948 5570 5740 93.6 96.5 
6036 5770 5800 95.6 96.1 
6044 5780 5820 95.6 96.3 
6030 5820 - 96.5 - 
Overall recovery, 95.9 97.4 


SD 1.6 1.8 


70 


6000 ppm 


% 


residue. The solution was transferred, using a Pasteur pipet, to the dia- 
tomaceous earth column, and the flow rate was adjusted to 1-1.5 ml/min. 
The flask was rinsed twice with 10-ml portions of water-saturated chlo- 
roform, and the rinsings were transferred to the column. The eluate was 
discarded. 


The adsorbed I was eluted with 40 ml of acetic acid-ethyl acetate- 
chloroform, and the eluate was collected in a 100-ml boiling flask. The 
eluate was evaporated to dryness on the rotary evaporator a t  -45". Acetic 
acid traces were removed under a nitrogen stream. Ten milliliters of 0.01 
M NaOH was pipetted into the flask, and the flask was stoppered and 
shaken vigorously for 15 min. The solution was filtered through a 5-pm 
filterlo. 


Procedure b: Sodium Hydroxide Extraction Cleanup-The residue 


Figure 1-Liquid chromato- 
gram of pure I in 0.01 M 
NaOH. 
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was dissolved in 10 mi of chloroform and transferred quantitatively into 
a centrifuge tube. The flask was rinsed twice with 10-ml portions of 
chloroform, and the rinsings were added to the centrifuge tube. The so- 
lution was extracted four times with 6 - d  portions of 0.01 M NaOH. Each 
time, the mixture was shaken gently and centrifuged at  2000 rpm for 5 
min. With a Pasteur pipet, the clear supernate was transferred carefully 
into a 2 5 - d  volumetric flask. It was diluted to volume with 0.01 M NaOH 
and filtered through a 5-pm filter". 


Chromatographic Procedure-By using the sample injection valve, 
20 pl of the standard solution and 20 p1 of the prepared feed sample so- 
lution were chromatographed under the described HPLC conditions. The 
chromatogram was quantitated by relating the peak area of I from the 
sample to that of I from the standard solution. 


RESULTS AND DISCUSSION 


Toxicological studies with I employed concentrations levels of 200 and 
6000 ppm in the feed mix. Since the low level samples were expected to 
be more difficult to assay, the developmental work was undertaken with 
the 200-ppm samples. The assay of I and the cleanup procedures are 
based on its acidic nature. 


Preliminary tests to determine the solvent for extracting I from the 
feed mix indicated that acetone was the solvent of choice. Attempts to 
extract I from the feed mix using a soxhlet extractor resulted in recoveries 
that were consistently lower than those 6btained by manual extractions 
with acetone and the same sample cleanup procedure (Table I). Pre- 
sumably, a fraction of I was adsorbed on the extraction thimble and/or 
decomposed on heating. Bowman and Rushing (6) also reported that 
soxhlet extractions of phenobarbital from animal feed yielded low re- 
coveries. Soxhlet extractions were also performed with mixed solvents 
such as chloroform-acetone and chloroform-methanol, but the recoveries 
were very low. 


In addition to the two sample cleanup procedures (Procedures a and 
b described under Sample Preparation), several purification procedures. 


were attempted. A successive base-acid-base extraction was investigated 
whereby a methanol-containing chloroform solution of feed extract was 
extracted with aqueous base, followed by extraction into chloroform after 
acidification of the aqueous phase and reextraction into 0.01 M NaOH. 
This procedure resulted in sharp separations of the phases in each ex- 
traction, in contrast to the direct sodium hydroxide extraction cleanup 
procedure (Procedure b). In the latter procedure, emulsions were formed 
during the extraction, and the two phases could not be sharply separated 
even by centrifugation. Although the successive base-acid-base extrac- 
tion gave cleaner liquid chromatograms than Procedure b, the recoveries 
using the two procedures were similar (Table I). Because of the longer 
analysis time required, the successive base-acid-base extraction proce- 
dure was not investigated further. 


Attempts to clean up I-containing feed extracts dh neutral or acid silica 
gel or on acid alumina columns were not successful. Trapping of I on these 
columns was only successful when pure I solutions were employed. In 
these cases, quantitative recoveries were obtained. When acetone-ex- 
tractable feed constituents were present, the recoveries were always 
<85%. With anion-exchange columns, complete recovery of I could not 
be achieved evkn from pure solutions with various eluting solutions. 


In the sodium hydroxide-diatomaceous earth column procedure 
(Procedure a), the sodium hydroxide strength for adsorption on dia- 
tomaceous earth and the total amount needed were determined. Various 
eluants and mixtures were investigated for optimum recovery of the 
trapped I. The addition of a bottom layer of plain diatomaceous earth 
in the column helped to break emulsions when they formed in the 
column. 


Under-the described HPLC conditions, I eluted as a symmetrical peak 
with a retention time of -5 min (Fig. 1). The average height equivalent 
to a theoretical plate of the column was 1.79 f 0.19 (SD) mm (n = 10). 
The linearity of the detector response at  254 nm was established previ- 
ously. The response was linear up to 170 pg/ml. 


Both cleanup procedures gave liquid chromatograms that resolved the 
I peak from any feed constituents present (Figs. 2 and 3). Procedure b 
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Figure 3-Liquid chromatograms of Z from 6000-ppm feed sample. Key: 
A, Procedure a; and B, Procedure b. 
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gave a chromatogram that showed many extraneous peaks for the 200- 
ppm sample, but the chromatogram of the 6000-ppm sample was rela- 
tively clean. The difference on the baseline between I and the nearest 
extraneous peak on the 6000-ppm chromatogram was >1 min (Fig. 3). 
Procedure a gave very few additional peaks for the 200-ppm sample (Fig. 
2). In the liquid chromatogram of the 6000-ppm sample, only two small 
peaks were observed. 


Essentially complete recoveries were obtained when known amounts 
of I were analyzed in the absence of feed using both cleanup procedures. 
When a solution of I in acetone was added to a placebo feed, however, the 
overall percent recoveries (fSD) obtained by Procedure a were 90.0 i 
2.0 ( n  = 5) and 95.9 f 1.6% ( n  = 5) for the 200- and 6000-ppm samples, 
respectively (Table 11). Similarly, Procedure b gave overall percent re- 
coveries (*SO) of 92.9 i 1.6 ( n  = 5) and 97.4 & 1.8% (n = 5 )  for the 200- 
and 6000-ppm samples, respectively (Table 11). To provide better rep- 
resentation of the analytical potency, a concomitant standard may be 
used; i.e., the standard can be subjected to the same analytical steps in 
the cleanup procedures. 


The cleanup procedures were evaluated by spiking acetone extracts 
of a placebo feed with a solution of I in acetone. The recoveries, again 
<loo%, were in close agreement with those obtained when the drug was 
added directly to the dry feed followed by manual extraction (Table I). 
Attempts to improve the recoveries by doubling the analytical sample 
size were not successful. Apparently, an interaction occurs between the 
drug and one or more of the extractable feed components, which affects 
the analytical recovery. 


This hypothesis was supported by subsequent recovery studies using 
cleanup Procedure a and placebo feed samples spiked with I a t  the 
6000-ppm level. Duplicate results of 90.9 and 92.1% were obtained when 
the synthetic samples were mixed using a mortar and pestle. When two 


similar samples were assayed 7 days after mixing, recoveries of only 82.8 
and 82.5% were achieved. No peaks that could be attributed to decom- 
position products of I were seen in the chromatograms. 


The HPLC method is stability indicating; various degradation studies 
showed that the I peak decreased upon decomposition with or without 
the appearance of new peaks. 
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Abstract Methods for the determination of organically bound iodine 
were compared. A preliminary destruction of the sample was preferable. 
The sample was mineralized using the Schoniger combustion. Since direct 
potentiometry of the iodide ion was used, further reduction of the sample 
was necessary. Several reductors were compared, and the best results were 
obtained with Devarda alloy. The proposed method was employed for 
the determination of iodine in X-ray cbntrast products. Pure compounds 
and pharmaceutical preparations were investigated. The coefficient of 
variation of the method was 0.9%. 


Keyphrases Iodine-analysis, potentiometric, various pharmaceu- 
ticals, ion-selective electrodes Potentiometry-analysis, iodine in 
various pharmaceuticals 


The increased number of commercially available ion- 
selective electrodes has stimulated their use in pharma- 
ceutical analysis. The potentiometric determination of 
halide salts of pharmaceutical compounds such as alkaloids 
and phenothiazines was described (1-3). Halogen-con- 
taining organic compounds also can be determined by 
ion-selective electrodes. Since halide ion-specific electrodes 
measure only the inorganic ionic halogen in solution, 
preliminary liberation of the covalently bound halogen 
from the organic product is necessary and usually is 
achieved by destruction of organic matter (3-1 1). Methods 
for halogen liberation from organic compounds (hydrolysis, 


decomposition by acids or oxidizing acids, melting of solids, 
combustion in a gas stream, and oxygen flask combustion) 
were discussed previously (12). 


Some investigators reported the liberation of organically 
bound iodine by a metallic reductor. Catalytic dehaloge- 
nation with sodium borohydride in the presence of palla- 
dium was described for the analysis of X-ray contrasting 
media (13). The use of an aluminum foil in alkaline solu- 
tion was proposed for the iodine determination in liothy- 
ronine (triiodo-L-thyronine, T3) and thyroxine (tet- 
raiodo-L-thyronine, T4) (14). 


If a combustion method such as the Schoniger com- 
bustion (15,16) is used to mineralize the organic matter, 
the halogen content can be determined by measuring the 
iodate or iodide content. After combustion, the iodine is 
present as iodine and iodate. The iodine and iodate can be 
reduced to iodide ions, which can be measured potentio- 
metrically with an iodide-ion-selective electrode. In this 
case, a reduction step is necessary. Reduction of iodate has 
already been described. 


Stannous chloride was used for iodate determination in 
iodized cooking salt with an iodide-selective electrode (17), 
and use of an aluminum foil in alkaline solution was re- 
ported for the iodate reduction (18). The purpose of this 
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a t  equimolar ratios of tetracycline to cation5 (3). Therefore, even partial 
complexing can have important effects on both in uiuo and in uitro tet- 
racycline interactions. 
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Abstract  t3 Photolytic decomposition of indapamide (I) in nitrogen- 
flushed methanol yields 3-sulfamoyl-4-chlorobenzamide (II), 2-meth- 
ylindoline (III), semicarbazide (IV), and l-(N-formamido)-2-methylin- 
doline (V); in oxygen-flushed methanol, 11-V, I-aminocarboxymethyl- 
2-methylindoline (VI), 8-sulfamoyl-4-chlorobenzoic acid (VII), 
methyl-3-sulfamoyl-4-chlorobenzoate (VIII), and 2-(N-acetamido)- 
benzoic acid (IX) are formed. A comparison is made with thermal de- 
composition of 1. 


Keyphrases Indapamide-photolytic decomposition, thermal de- 
composition, decomposition products identified Photolysis-indap- 
amide, products identified 0 Thermolysis-indapamide, products 
identified Diuretics-indapamide, photolytic and thermal decompo- 
sition, products identified 


There has recently been a growth in drug photosensiti- 
zation studies. Numerous drugs have photosensitizing 
properties (l), and these properties appear to show a cor- 
relation with in oioo photosensitivity. In particular, the 
saluretic furosemide exhibits a high affinity for oxygen 
under UV irradiation, and this affinity may be related to 
the reported skin rash reaction among patients taking the 
drug (2). 


As part of detailed studies of indapamide [N-(3-sul- 
famoyl-4-chlorobenzamido)-2-methylindole] (I), a com- 
pound with prolonged saluretic action (3), a study of the 
photolytic decomposition of this compound was con- 
ducted. In contrast to earlier studies (l), the products of 
in uitro photolytic decomposition were identified prior to 
in uivo experiments. 


EXPERIMENTAL’ 


Indapamide (I) was supplied as a pure compound2. 2-Methylindoline 
(HI), semicarbazide (IV), and 2-(N-acetamido)benzoic acid (IX) were 
supplied as pure reference compounds3. 


Mass spectra were recorded on an A.E.I. MS9 spectrometer, IR spectra were 
recorded on a Perkin-Elmer 257 spectrophotometer, NMR spectra were recorded 
on a Perkin-Elmer R.10 spectrometer, and UV spectra were recorded on a Unicam 
S P  Boo0 spectrophotometer. * Les Laboratories, Servicer, Gidy, France. 


3 Servier Laboratories, Green ford, Middlesex, England. 


N+;t d“.“ 
I 


M I solutions 
in nitrogen- or oxygen-flushed methanol. The reactant solutions were 
contained in the inner well of a cylindrical quartz reaction vessel, which 
was mounted vertically before a 1000-w Hanovia medium-pressure 
mercury lamp. A filter solution of saturated aqueous copper sulfate was 
pumped through the annular space (4-mm i.d.) surrounding the inner 
well of the reaction vessel and also was pumped through a heat-exchanger 
to maintain the reactant solution a t  293%. The filter solution had a short 
wavelength cutoff a t  300 nm. After photolysis for 12 hr, the solution was 
evaporated to dryness under reduced pressure. The residue was dissolved 
in a small volume of redistilled methanol prior to spotting on TLC 
plates. 


Thermal decompositions were performed by heating samples in an 
automatic thermo-recording balance4. A I-g sample of I was heated either 
a t  a constant rate of 5’K/min from ambient temperature to 453’K until 
the weight loss rate stabilized or at 453OK for 12 hr while the sample 
underwent a regular and continuous weight loss. The solids were dissolved 
in redistilled methanol prior to spotting on TLC plates. 


Preparative TLC was performed using 20 X 20-cm plates coated with 
a I-mm layer of silica gel5. Two solvent systems were used for plate de- 
velopment: 1, 100% dirnethyl carbonate; and 2, the top layer obtained 
after vigorously shaking pentan-1-01 (85 ern3) and ammonia (specific 
gravity 0.880, I5  cm3) together and then allowing them to stand. All sol- 
vent systems were prepared fresh daily, and not more than two devel- 
opmenta were carried out in any one preparation. 


After development, reactant and product spots were visualized under 
UV light, scraped off the plates, and extracted into a small volume of 
redistilled methanol, which was evaporated to dryness under reduced 
pressure. The residual material was identified spectroscopically. 


Photolytic decompositions were performed on 2.7 X 


RESULTS AND DISCUSSION 


The results relating to the identification of the products formed by I 
photolysis are summarized in Table I. These products arise principally 
as a result of bond cleavages in the N-NH-CO-C linkage. 


4 Stanton. 
5 Merck GF254. 
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Table I-Products from Photolytic and  Thermal Decomposition of Indapamide 


Photochemical Photochemical 
Decomposition Decomposition 


in Nz- in 02- Thermal Product 
Flushed Methanol Flushed Methanol Decomposition R/  Valuea 


Method of 
Structure Assignment* 


I1 
I11 


VI 
VII‘ 


~ 


I1 
111 


VI 
VII‘ 


VIIIe 
IX 
X 


XIe 


~ ~~~~ 


I1 0.1gc NMR, IR, UV, and mass spectra 
IIId 0.68 
IV 0.75 
Vd 0.26 UV and mass spectra 


VI 0.1gC NMR, IR, UV, and mass spectra 
0.35 Mass spectrumf 


0.45,0.44* Mass spectrumf 
0.12* 
0.65 
0.27* Mass sDectrumf 


Comparison of IR, UV, and mass spectra with those of a reference sample 
Comparison of IR, UV, and mass spectra with those of a reference sample 


Comparison of IR, UV, and mass spectra with those of a reference sample 
NMR, IR, UV, and mass spectra 


-~ ~ ~ ~ ~ 


0 The RI values refer to qualitative TLC plates developed in Solvent System 1, except for those marked with an asterisk, which refer to Solvent System 2. Unless otherwise 
stated, spectra were obtained for products isolated from each of the three decomposition systems. The product a t  Ri 0.19 was a mlxture of I1 and VI. Compound VI 
was sublimed out of the mixture and obtained as a white crystalline compound. Product only observed in those thermal decomposition samples maintained at 453OK 
for 12 hr. e Minor product as judged by quantity of material isolated from TLC plates as compared to  other products. Only sufficient material could be isolated for a 
mass spectrum to be recorded. 


Type A cleavage leads to 3-sulfamoyl-4-chlorobenzamide (I1 and 111). 
type B cleavage leads to 3-sulfamoyl-4-chlorobenzoic acid, and type C 
cleavage yields l-(N-formamido)-2-methylindoline (V) and l-amino- 
carboxymethyl-2-methylindoline (VI). Methyl-3-sulfamoyl-4-chloro- 
benzoate (VIII) presumably arises as a consequence of esterification of 
VII by the solvent, while IX arises as a consequence of indoline ring ox- 
idative cleavage in species such as 111 or 1. A t  present, the origin of IV is 
not clear. 


Thermal decomposition of I yields only 11-IV besides 2-methylindole 
(X) and N-(3-sulfamoyl-4-chlorobenzamido)-2-methylindole (XI). Thus, 
type A cleavage can occur from vibrationally excited levels of the ground 
(So) state, and I1 and 111 can arise by this mechanism in photolytic re- 
actions. Such species could be generated by internal conversion from the 
photolytically generated S1 state. Presumably, the appropriate SO levels 
for dehydrogenation are not accessible uia internal conversion. Type B 
and C cleavages only occur under photolysis and must, therefore, arise 
from the first excited states. Since such reactions are not inhibited by 
oxygen, which is known to quench triplet-state molecules (41, the S1 state 
is implicated. 


Thus, the study has demonstrated the complexity of photolysis of a 
simple pharmaceutical and has shown the wide range of compounds to 
be screened in photosensitization tests of such molecules. 
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Abstract 0 A chemical method for the determination of glycerol was 
developed and compared to an enzymatic assay for sensitivity and re- 
producibility. The chemical assay is based on glycerol oxidation to 
formaldehyde and subsequent reaction with chromotropic acid to yield 
a colored product. With this method, as little as 5 pg of glycerol/ml can 
be detected. The enzymatic assay is based on enzymatic glycerol phos- 
phorylation followed by glycerol phosphate dehydrogenation by nadide 
(nicotinamide adenine dinucleotide). The reduced nadide is used to re- 
duce iodonitrotetrazolium violet to its colored formazan product. The 
enzymatic method can be used to determine 50 pg of glycerol/ml in 
aqueous samples. 


Keyphrases Glycerol-analysis, spectrophotometry, comparison with 
enzymatic methbd 0 Spectrophotometry-analysis, glycerol, comparison 
with enzymatic method 


Glycerol is widely used in pharmaceuticals as a vehicle, 
sweetening agent, emollient, and humectant. Various 
analysis methods for glycerol have been reported (1-51, but 
they are usually nonspecific and are limited to a narrow 


concentration range that gives linear results. Enzymatic 
methods (2,4,5) for glycerol and glycerol-releasing com- 
pounds (ie., triglycerides) have been used widely but are 
usually expensive and require rigid temperature control 
and timing of reagent addition to obtain reproducible re- 
sults. 


Chemical methods (1,3) usually utilize glycerol oxida- 
tion to formaldehyde and subsequent reaction with a 
chromogenic reagent. These methods generally have been 
shown to produce linear results over a very limited con- 
centration range. The present investigations were under- 
taken to develop a chemical analysis for glycerol with im- 
proved reaction conditions and to compare this method 
with a standard enzymatic assay. 


EXPERIMENTAL 


Instrumentation-All absorbance measurements were taken on a 
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Potential Analgesics 
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Abstract  a Phenylsalicylate was nitrated to obtain two nitro isomers, 
which were separated and reduced to the corresponding amines followed 
by acetylation to give phenyl-5- or phenyl-3-acetamidosalicylate. Phe- 
nyl-5-acetamidosalicylate displayed analgesic activity comparable to that 
of aspirin and phenacetin a t  doses of 25-50 mg/kg sc and was much less 
toxic than the latter compounds. Phenyl-3-acetamidosalicylate, however, 
was ineffective a t  a similar dose range and caused restlessness a t  larger 
doses. 


Keyphrases 0 Phenylsalicylates-synthesis of phenyl-3- and phenyl- 
5-acetamidosalicylates, analgesic activity Analgesics-phenylsalicy- 
lates, derivatives, synthesis, tested for analgesic activity o Antitubercular 
agents, potential-phenylsalicylates, synthesis, analgesic activity 


Phenylsalicylate (I) has been used as an analgesic and 
as an enteric coating material for oral dosage forms (1). It 
also has several other industrial uses (2). However, it has 
been replaced by more potent and safer analgesic-anti- 
pyretic drugs such as aspirin and acetaminophen (11). 
Aminosalicylic acid (1111, phenyl-p -arninosalicylate (IV), 
and their corresponding acetyl derivatives have been used 
for the treatment of tuberculosis (3-6) in conjunction with 
other antitubercular agents. 


This report describes the synthesis of some new phen- 
ylsalicylate derivatives (V-X) as potential analgesic- 
antipyretic agents with possible antitubercular activity. 
Compound VIII is a combination of phenylsalicylate and 
acetaminophen in one molecule. Furthermore, VII-X are 
isomers of phenyl-4-amino- or phenyl-4-acetamidosali- 
cylates, which are used as antitubercular agents. 


EXPERIMENTAL' 


Phenyl-3- and Phenyl-5-nitrosalicylates (V and V1)-A solution 
of 40 g (0.184 mole) of phenylsali~ylate~ in acetic acid was treated with 
50 ml of nitric acid (68%) in acetic acid (1:l) dropwise with stirring and 
cooling in an ice bath for 20 min. The temperature was raised to 30-35' 


OH ?H QH I 


~JHCOCH , 111: R = H 
IV: R = C,H, 


I1 


1 Melting pnints were determined using a Huchi apparatus and are uncorrected. 
The structures of all compounds were confirmed by IR, NMR, and mass spectra. 
E p t r a  were recorded on IR-257 and IR-221 spectrophotometers (Perkin-Elmer). 


spectra were determined a s  solutions in deuterochloroform. with tetra- 
methylsilane as the internal standard, on a WH-90 instrument (Bruker). The 
WH-90 instrument was connected to a computer (model B-NC 12) with a FINMR 
V 51218 program. 


Mass spectra were recorded by Mor an Schaffer Corp., Montreal, Canada. The 
spectra of V, VI, and VlII were recoried-on a Hitachi Perkin-Elmer mass spec- 
trometer (model RMU-6D) by introducing the samples by direct probe at 40' with 
an ionization voltage of 70 ev. The mass s ectra of VIIl and X were recorded on a 
CH-5 mass spectrometer (Varian MAT) Ry direct probe at l l O o  and 70 ev. T1.C 
was performed on 0.25-mm precoated silica el plates (Merck silica gel 60 F-254 
or si ica gel F 254). Materials on plates were fetected with a UV lamp. NMRdata 
are expressed in 6. Microanalyses were performed by Dr. Daessle, Organic Micro- 
Anal siu Laboratories, Montreal, Canada. 


d u k a ,  Buchs, Switzerland. 


V: R = 5-nitro 
VI: R = 3-nitro 


VII: R = 5-amino 


VIII: R = 5-acetamido 


X: R = 3-acetamido 
IX: R = 3-amino 


and maintained for 5-6 min, during which time the reaction mixture 
turned deep orange. The mixture was poured over 200 g of crushed ice. 
Upon stirring, an orange solid material separated. This material was 
filtered, washed with alcohol, and dried to give 45 g of nitrated salol. 


Compounds V and VI were separated by fractional crystallization from 
ethanol; V crystallized immediately from the hot alcoholic solution. 
Further recrystallization of this fraction from alcohol gave 20 g (0.078 
mole, 42%) of white needle-like crystals, mp 14b150°. Compound VI was 
obtained upon standing and cooling of the alcoholic mother liquor to give 
colorless crystals, mp 87-89'. Further recrystallization of this fraction 
fram alcohol gave 22 g (0.097 mole, 52%) of VI, mp 99-100'. 


The mass spectra of V and VI showed identical molecular ions a t  m/e 


1350, and 840 cm-l; NMR of V (CDCls): 6 11.18 ( lH ,  s), 9.04 (1H a t  C-6, 
d, J = 2.6 Hz), 8.42 (1H a t  C-4, dd, J = 9.4 and 2.6 Hz), 7.16 (1H a t  C-3, 
d ,  J = 9.6 Hz), and 7.6-7.18 (5H, complex m) (one replaceable proton); 


and 840 cm-'; NMR of VI (CDCIs): 6 11.71 (IH, s), 8.32 (1H a t  C-4, dd, 
J = 8 and 1.7 Hz), 8.22 (1H a t  C-6, dd, J = 8.2 and 1.7 Hz), and 7.6-7.01 
(6H, complex m) (one replaceable proton). 


Nitro Derivative Reduction-A sample of 13 g of V or VI (0.05 mole) 
was dissolved in a minimum amount of chloroform and mixed with 200 
ml of methanol or ethanol, 0.3 g of platinum oxide or palladium, and 1-2 
g of activated charcoal. The mixture was placed in a hydrogenator", and 
hydrogenation of the nitro derivatives was allowed to proceed until no 
more hydrogen was absorbed. The reduction yield was based on the 
amount of hydrogen absorbed by the nitro derivatives. 


In both cases, complete reduction was obtained, as indicated by the 
absorption of 3.4 liters (3 equivalents) of hydrogen in each reduction 
process. The reduction mixture was filtered, and the residue was washed 
with -50 ml of alcohol. The combined filtrate and washings were token 
to dryness under vacuum, and the residue was dissolved in 5% HCI. The 
amine hydrochloride was used for the next step without further purifi- 
cation. 


Amine Acetylation-The aqueous solution of the hydrochloride of 
VII or IX was heated to 50' and mixed with 60 ml of acetic anhydride. 
A freshly prepared solution of 100 g of sodium acetate in 100 ml of water 
was heated to 50' and added to the mixture with stirring and cooling in 
an ice bath for 30 min. The acetamido derivatives were filtered and pu- 
rified by recrystallization from ethanol or ethanol-water. Compound VIII 
was obtained in an 84% yield, and X was obtained in an 80% yield. The 
physical constants of VIII and X are shown in Table I. 


Compound VIII was white to slightly pink needle-like crystals, mp 
174-177'. Its mass spectrum showed a molecular ion a t  mle 271; IR 
(CHCls): umsx 3430,3250,3010,1680,1670, 1610, 1360, 1270, and 1050 
cm-'; NMR (CDC13): 6 2.17 (3H, s), 6.98 (1H a t  C-3, d, J = 8.8 Hz) ,  
7.12-7.54 (5H, complex m), 7.62 (1H a t  C-4, dd, J = 8.5 and 2.4 Hz), and 
8.22 ( 1  H a t  C-6, d, J = 2.6 Hz). 


Compound X was white to slightly greenish flakes, mp 165-166". Its 
mass spectrum showed a molecular ion a t  m/e 271; IR (CHCIX): urnax 3420, 
3180, 3010, 1680, 1670, 1610, 1360, 1280, 1060, and 980 cm-l; NMR 
(CDCIs): 6 2.23 (3H, s), 6.98 (1H a t  C-5, t, J = 8 Hz), 7.15-7.58 (5H, 
complex m), 7.78 (1H at C-4, dd, J = 8 and 1 3  Hz), and 8.65 ( 1  H at C-6, 
dd, J = 8 and 1.5 Hz). 


259 (ClnHsN06); IR of V (CHC13): urnax 3250-3090,3010,1690,1630,1530, 


1R of VI (CHC13): u,~, 3250-3090,3010,1690,1630,1530,1350,900,860, 


3 Hyna. 
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Table I-Nitro- and Acetamidophenylsalicylates 


Melting Recrystallization Yield, Analysis, % Ethyl 
Compound R Point Solvent 90 Formula Calc. Found Chloroform Benzene Acetate 


V 5NOz 148-150°h Ethanol 42 CiRHgNOs C 60.10 59.89 0.496 0.256 -- 
H 3.47 3.68 0.690 0.536 -- 
N 5.78 5.52 


VI 3-NO2 92-93" Ethanol 52 CI:IHSNO~-H~O C 56.32 56.62 0.423 0.146 - 
H 3.97 3.58 0.560 0.3:30 - 
N 5.05 4.87 
C 66.42 66.36 0.023 0.018 0.631 


- 0.877 ethanol-water H 4.79 5.04 0.073 
N 5.16 5.29 
C 66.42 66.27 0.122 0.013 0.821 


ethanol-water H 4.79 5.08 0.303 0.043 0.922 
N 5.16 5.32 


VIII 5-NHCOCH:j 174-176' Ethanol or 84 CLSHI:INO~ 


X 3-NHCOCHn 165-166' Ethanol or 80 CisHinNO4 


Two R, values are reported lor each compound in different solvents. The first value represents the R on silica gel 60 F-2.54 (slow moving); the second value represents 
the N, on silica gel F-254 (fast rnuvong). Lit. (7.8) nrp 150-151'. c Lit. (8) mp 101-102° for anhydrous.+he compound was dried alter analysis to give mp 99-100". The 
compound did not move. 


Biological Testing of VIII and X-Solutions of VIlI or  X in dimethyl 
sulfoxide or propylene glycol or suspensions in 1% methylcellulose were 
administered to groups of six, eight, or 10 albino MRI female or male mice 
weighing 18-20 g. The doses were 25,50,100,200,300,400, and 500 mghg. 
Twenty minutes later, the mice were given, intraperitoneally, 0.2 ml of' 
a 0.02% solution of phenyl-p-quinone in water containing 570 alcohol. 


The mice for each dose were placed i n  separate cages and observed for 
20 min. Those that showed signs of writhing were removed from the cage. 
The EDm data of VIIl are shown in Table 11. Compound X was ineffective 
at  doses of 50 and 200 mg/kg. 


RESULTS AND DISCUSSION 


Chemistry-Several nitro derivatives of phenylsalicylate have been 
made by treatment of nitrosalicylic acid and phenol with phosphorus 
oxychloride or by treatment of salicylic acid and nitrophenol with 
phosphorus oxychloride (7-9). Other investigators (10) nitrated salicylic 
acid and salicylamide hy treatment of these compounds with nitric acid 
to obtain the corresponding 3- and 5-nitro derivatives. Our approach to 
the synthesis of V and VI also involved direct nitration of I with nitric 
acid. This procedure achieved almost complete conversion of I into V and 
VI. 


Evidence for structural identification of V and VI was obtained from 
mass spectral (Table Il l)  and NMR studies. Both compounds had a 
molecular ion at  m/e 259 with relative intensities of 95% for V and 76.5% 
for VI. These data indicate that one nitro group is introduced in both 
compounds and that the molecular ion of V is more stable than that of 
V14 (1 1). Isotopic analysis gave good agreement with the theoretical value 
for ClaHgNO5 (Table IV). The mass spectra of both compounds were 
similar except for the quantitative differences in the relative peak in- 
tensities. 


Both V and VI showed peaks at  m/e 166 (100%) upon electron impact. 
This peak may be represented hy ion a (Scheme I), which indicated the 
introduction of the nitro group onto the salicylate ring of I. 


The peak at  m/e 229 may be represented by ion b (M - NO). This ion 
may result from the rearrangement of the nitro group prior to loss of the 
NO group (12-16). The intensity difference of this peak in the mass 
spectra of V and VI can be attributed to the differences in the nitro group 
position in the two molecules (12-16). Such rearrangement has been re- 
ported for several para- and meta-substituted nitrobenzene derivatives. 
The ortho-derivatives lack such rearrangement or show peaks of very low 
intensity corresponding to ions resulting from this rearrangement. This 
type of rearrangement was also observed for ion a (Scheme I1 and Table 
111). 


OH OH + 


NO, 4YL 
M", m/e 259 a, m/e 166 


Scheme I 


H. Schaffer, Morgan-Schafler Corp., Montreal, Canada, 1977, personal com- 
munication. 


OH 
I 1' 


b, m/e 229 I 
OH 1" 


- 
m* 85.7 


0 
m/e 136 m/e 108 


m/e 120 
Scheme 11 


The IR spectra of various V and VI concentrations also were studied 
to reveal the effect of the nitro group on hydrogen bonding in phenyl- 
salicylate. Both compounds showed broad absorption bands at 3300-3090 
cm-l in concentrations ranging between 2.5 and 12.5% in chloroform. No 
shift was observed in the absorption band of the hydroxyl group in this 
region. This result may indicate that the nitro group position in the sa- 
licylate ring had no effect on the intramolecular hydrogen bond that exists 
in I (17-19) between the hydroxyl group and the carhoxyl group. 


The mass spectral data for V and VI suggest that the former compound 
may have a 1,2,5-substitution and that the latter may have a 1,2,3-sub- 
stitution. NMR and decoupling studies confirmed this evidence. At the 
low field end of the aromatic region of the NMK spectrum of V, there was 
a doublet a t  d 9.04 with splitting of 2.6 Hz. The chemical shift indicated 
the resonance of the proton at  C-6 with the two ortho-positions occupied 
by electron-withdrawing groups. The J value indicated the presence of 
a meta-proton (20-23), indicating the presence of a proton a t  C-4 whose 
signal appeared as two doublets a t  8.42 with splitting o f  9.4 and 2.6 Hz. 
This finding indicated the presence of ne t a -  (at  C-6) and ortho- (a t  C-3) 
protons. The signal of the latter appeared as a doublet a t  7.16 with 


Table  11-Biological Testing Data of VIII 


Dose, mg/kg Number of Mice Percent Protection 


25 
50 


8 
6.6.8O 


:37..50 
50.00 


100 8,8, 10a 66.60 
200 6 83.30 
300 6 83.30 
500 6,8" 10.00 


The experiment was repeated using the number of animals shown, and percent 
protection represents the average. 
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Table 111-Mass Spectral  Data of V and VI 


Percent 
m /c V VI 


92 
108 
120 
121 
166 
229 - ~ .  


259 
260 
26 1 


64.4 
11.2 
81.4 
15.0 


22.4 
3.0 


69.2 
10.0 


100.0 
11.9 
95.1 
43.9 
6.3 


100.0 
3.3 


76.5 
17.0 
2.9 


splitting of 9.6 Hz, which indicated the presence of an ortho-proton (at  
C-4). The decoupling study confirmed this assignment since irradiation 
of H-3 removed the ortho-coupling to H-4, which appeared as a doublet 
with meta-splitting. Irradiation of H-4 removed the ortho-coupling to 
H-3, which appeared as a singlet, and the meta-coupling to H-6, which 
also appeared as a singlet. Irradiation of H-6 removed the meta -coupling 
to H-4, which appeared as a doublet with ortho-splitting only. These data 
indicate that the salicylate ring protons in V have a 1,2,4-relationship. 


The NMR spectrum o f  VI showed a two-doublet signal at d 8.32 with 
splitting of 8 and 1.7 Hz, characteristic of ortho- and meta-splitting, re- 
spectively (20-23). This signal was assigned to the proton a t  C-4. The 
signal representing the C-6 proton of the salicylate ring also appeared 
as a doublet a t  d 8.21 with splitting of 8.2 and 1.7, which indicated the 
presence of ortho- and rnc'ta-protons a t  C-5 and C-4, respectively. 
However, the signal representing C-5 proton was included in the complex 
multiplet at  13 7.60-7.01. The decoupling study confirmed this assignment 
since H-5 irradiation removed the ortho-splitting with H-4 and H-6 and 
both appeared as doublets with meta-splitting to each other. Irradiation 
of H-4 or H-6 removed the mrta-splitting to each other, and their signals 
appeared as doublets with ortho-splitting. These data indicate that the 
nitro group occupies the 3-position and that the protons in VI have a 
1,2,3-relationship. 


Reduction of the isomeric nitro salols was achieved by simple catalytic 
hydrogenation in very high yields. The corresponding amines were 
acetylated by treatment of the amines with acetic anhydride to produce 
the corresponding acetamido derivatives (VIII and X)  in high yields. In 
contrast to the IR spectra of V and VI, the IR spectra of VIII and X 
showed a clear difference in the hydroxyl group absorption band. The 
hydroxyl absorption band in the IH spectrum of X appeared a t  3180 cm-*; 
in the IR spectrum of VIII, it appeared at  3250 cm-'. This difference may 
be based upon the different types of hydrogen bonding the molecules 
undergo. 


The mass spectra of VIII and X also were similar (Table V), and the 
fragmentation pattern was comparable to that of the nitro derivatives. 
The appearance of a peak a t  m/e  178 (100%) may have arisen from the 
loss of a phenoxide radical from the molecular ion (m/e 271). as shown 
in Scheme I11 together with the other important fragmentations. 


The NMR spectra of VIII and X and the decoupling study were con- 
sistent with the positional assignment of the acetamido group (Table 
V1). 


Biological Testing and  Toxicity-Compounds VIII and X were 


H5 
V VI 


Table IV-Mass Spectral  Isotopic Analysisa of V and  VI 


Compound m/e 
C I:J+sNOa 


Theoretical Found 


V 259 
260 
26 1 


100.00 
14.77 
2.01 


100.00 
14.70 
2.09 


V I  259 100.00 100.00 
260 14.77 14.79 
26 1 2.01 2.05 


Analysis performed by Morgan-Schaffer Corp., Montreal, Canada. 


Table V-Mass Spectral  Data of VIII and X 


Percent 
m / e  VIII X 


107 4.8 11.0 
108 9.0 16.5 
134 3.6 58.3 
135 9.6 41.2 
177 
I78 
179 
27 1 
272 


11.4 
100.0 


10.8 
43.4 
8.4 


~. .~ 


20.0 
100.0 


1.6 
72.7 
13.8 


273 1.2 1.6 


CO&,Hs - C6H,0. 


NHCOCH, NHCOCH,, 


m* 115.6 


m/e 178 


~ H C O C H ,  
m/e 177 


1 -co - CH -C--O 
2: -CH,=c/ x2: - H . ' -  - 


m/e 108 m/e 134 


I - " .  J m *  85.4 


NH 
m/e 107 


Schemr 111 


tested for analgesic activity in the writhing test (24). Compound VIII had 
comparable analgesic activity to that of aspirin and phenacetin. The EDso 
of VIII under the experimental conditions was 56 mg/kg (27-122) when 
the writhing material was injected 20 min after treatment of the mice. 
However, X was ineffective a t  50 mg/kg and caused restlessness a t  200 
mg/kg upon injection of the writhing material. Compound VIII was 
nontoxic a t  doses of 1 and 2 g/kg scand caused 10% death of the mice at  
3 g/kg ip during 24 hr. 


Table  VI-NMR Data of VIII a n d  X 


Compound VIIl 
H3 6.98 d 
H4 7.62 dd 
H6 8.22 d 


- 8.8 
2.4 8.5 
2.6 - 


Compound X 
H4 7.78 dd 1.5 11.0 
H5 6.98 dd a 
H6 8.65 dd 1.5 8.0 


Collapsed into triplet a t  J = 8.0 Hz. . 
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Abstract o Batches of sodium, potassium, and ammonium chloride 
tablets containing no excipients and spray-dried lactose tablets con- 
taining 0.5% magnesium stearate were stored a t  20 and 76% relative hu- 
midity. Electrical resistance and hardness measurements were made 
within 1 hr after compression and a t  intervals during a 45-day period. 
Hardness values of sodium, potassium, and ammonium chloride tablets 
stored at  20% relative humidity increased from 70 to 200% at 45 days, 
while conductances decreased 10-fold. Tablets stored a t  76% relative 
humidity showed no increases or slight decreases in hardness with slight 
increases in conductance. 1,actose tablets decreased slightly in hardness 
with corresponding increases in conductance. 


Keyphrases 0 Conductivity, electrical-effect of aging and humidity, 
various compressed Lablets 0 Hardness-effect of aging and humidity, 
various compressed tablets 0 Tablets, compressed-effect of aging and 
humidity on electrical conductivity and hardness 


The effect of aging on the physical characteristics of 
tablets has been discussed by several investigators. In- 
creased hardness was reported in hydrochlorothiazide 
tablets formulated with acacia (1). Dibasic calcium phos- 
phate dihydrate tablets displayed no significant changes 
in hardness over a 4-month period but showed significant 
increases in disintegration and dissolution times when 
stored a t  25” and 50% relative humidity (RH) (2). 


The crushing strength of sodium chloride compacts 
prepared from dried samples doubled 1 hr after compac- 
tion (3). No significant changes in crushing strength were 
observed when compacts were stored for longer periods at 


low humidities. This phenomenon was attributed to 
time-dependent relaxations, resulting in stress release 
within the compacts which increased interparticulate 
contact and bonding. Compacts with higher moisture 
content possessed low tensile strength compared to those 
with lower moisture content, which was attributed to 
weakening of interparticulate bonding by trace moisture 
(3). 


Significant increases in hardness were observed in so- 
dium chloride tablets stored for several days (4). These 
changes correlated with changes in electrical conductances 
calculated from measured dissipation factors. 


The electrical conductance of a compact is determined 
in part by the number of interparticulate contact points 
and the effective internal surface area resulting from mi- 
croscopic cracks and imperfections (5). Hardness changes 
in compacts should be associated with conductance 
changes that reflect changes in the contact area and in- 
ternal surface. Increases in compact strength should be 
correlated with decreases in electrical conductance, mea- 
sured under conditions in which there is no substantial 
increase in compact moisture content. 


This study was designed to verify the expected rela- 
tionship between conductance and hardness changes in 
compacts and to establish the role of moisture in affecting 
these changes in compacts of directly compressible 
salts. 
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Degradation of Mecillinam in Aqueous Solution 
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Abstract The hydrolysis of mecillinam in aqueous solution (37') was 
studied at  pH 2-10. The degradation products observed by TLC and 
NMR were identified and quantified. Several of these compounds were 
synthesized. Mecillinam and the key degradation product, (6R)-6- 
formamidopenicillanic acid, underwent reversible 6-epimerization in 
basic solution. Some of the thiazolidine derivatives formed epimerized 
at  position 2. In contrast to penicillins, the degradation pattern of me- 
cillinam becomes more complex with increasing pH. Rate constants for 
some processes are given. 


Keyphrases Mecillinam-degradation in aqueous solution, isolation 
of degradation products, degradation pathways, rate constants Hy- 
drolysis-mecillinam in aqueous solution, degradation products 0 An- 
tibiotics-mecillinam, degradation in aqueous solution, isolation of 
degradation products, degradation pathways, rate constants 


Degradation of penicillins in aqueous solution has been 
studied for more than 30 years, and many decomposition 
products have been identified. Different degradation 
pathways prevail in acidic and basic solutions. Although 
the side-chain amide group of penicillin is discernible in 
most primary degradation products, their fundamental 
structures apparently are not influenced by the nature of 
the acyl group, even if it contains substituents, e.g., the 
ampicillin amino group, seemingly in an ideal position for 
further reaction with the strained 0-lactam ring. Only the 
reactivity of the P-lactam ring is influenced by inductive 
and steric effects of the side chain (1,2). A few degradation 
products are exclusively derived from the 6-aminopeni- 
cillanic acid nucleus common to all penicillins. 


Mecillinam (FL 1060), (6R 1-6- [ (hexahydro-1H-aze- 
pin-1-yl)methyleneamino]penicillanic acid (I) (Table I), 
represents a new type of P-lactam antibiotic having the 
side chain linked to a 6-aminopenicillanic acid moiety 
through an amidine bond. These derivatives have pre- 
dominant activity against Gram-negative bacilli and only 
weak activity against Gram-positive organisms (3). In ac- 
cordance with this unusual antibacterial spectrum, 
Gram-negative bacteria are killed by I differently than by 
penicillins and cephalosporins (3,4). 


A substituted amidinopenicillanic acid may be expected 


to differ from the penicillins in its hydrolytic degradation, 
because amidines generally are hydrolyzed more easily 
than amides (5).  Furthermore, the hydrolysis produces 
amine(s) capable of reaction with the 0-lactam ring. Am- 
idines show great variation in their hydrolysis rate (6), and 
the nature of the amidinopenicillanic acid substituents 
may also be expected to influence the rate of other degra- 
dation reactions. 


In the present study, I was chosen as a representative 
amidinopenicillanic acid. TLC and NMR methods iden- 
tified and semiquantified the major degradation products 
formed in aqueous I solutions as a function of time and pH. 
Previous investigations in these laboratories1 showed that 
I is more stable in acidic than in basic solution. Optimum 
stability (half-life -200 hr at 37') was found at around pH 
5, not far from the isoelectric point of I (5.8). Similar results 
were reported recently from other laboratories (7,8). 


EXPERIMENTAL 


Materials-Mecillinam (I) and the reference compounds listed in 
Table I, except VI, VIII, X, and XII, were synthesized2. None of the yields 
quoted was optimized. TLC and NMR data of VI, VIII, X, and XI1 were 
obtained from aqueous solutions of their analogs with natural configu- 
ration after equilibration. Penicic acid was prepared according to a lit- 
erature method (9). All other chemicals were analytical grade. 


Melting points are uncorrected. NMR chemical shifts are given in parts 
per million (delta scale) with tetramethylsilane or sodium 3-trimeth- 
ylsilylpropanoate as the internal reference. IR data are given in centi- 
meters-'. 


Mecillinam (1)-This compound was prepared according to pro- 
duction methods (10) in better than 99% purity as determined by iodo- 
metric titration, spectrophotometric assay, and TLC; [a]g +294O tH20, 
pH 2.5)3; PMR4 (CD30D, tetramethylsilane): 1.66 (a, 2aCH3), 1.73 (a, 
@CH3), 4.28 (s, 3H), 5.37 (d, J = 4 Hz, 6H), 5.56 ( d , J  = 4 Hz,5H), 1.5-2.1 
[m, (CH&], 3.5-3.9 (m, CH~NCHZ), and 8.10 (8,  NCH=N); IR5 (0.3% 
KBr): 1770,1672, and 1590. 


1 E. Gundersen, Leo Laboratories, personal communication. * Leo Laboratories. 
3 Perkin-Elmer PE 141. 
4 Varian A60A (cw), Jeol PMX 60 (cw), and Jeol FX 100 (ft, 24K). 
6 Perkin-Elmer PE 457 grating spectrophotometer. 
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Table I-Structures of Mecillinam and Its Degradation Products 


Compound4 R-b Structure 


I Mecillinam ( N-CH-N- R 


OCH-NH- 
OCH-NH- 0 


I1 (6s)-Mecillinam 
I11 6-Formamidopenicillanic acid 
IV (6S)-6-Formamidopenicillanic acid 


V Mecillinam penicilloic acid 


VI (6S)-Mecillinam penicilloic acid 
VII Mecillinam penilloic acid 


VIII (5S)-Mecillinam penilloic acid 


I 


I 
( N-CH==N-CH-COOH 


( N - C H - N d H -  COOH 
(N-CH=N -CH2- 
(N-cH==N-cH~- 


I 
IX Penicilloic acid OCH-NH-CH- COOH 


I 


I 


I 


X (5S)-Penicilloic acid OCH-NH-CH-COOH 
XI Penilloic acid OCH-NH- CHI- 


XI1 (5S)-Penilloic acid OCH-NH-CHI- 


XI11 Penicilloic amide OCH-NH-CH-CON) 


Although not strictly correct, the nomenclature and numbering of penicillin are used for all degradation products including monocyclic compounds except in the Ex- 
perimental part. When not otherwise indicated, the compounds have the natural penicillin configuration (3S, 5R, 6 R ) .  (N stands for CH,-CH,-CH 


(6S)-6-[ (Hexahydro-lH-azepin-l-yl)methyleneamino]penicil- 
lanic Acid (11)-Isolation from Alkaline Degradation of I-A I solution 
(60 g, 185 mmoles) in water (250 ml) was adjusted to pH 9.5 with 2 iV 
NaOH and kept for 2.5 hr at 37' and pH 9.5, followed by treatment with 
6,000,000 units of P-lactamase6 (11) a t  constant pH 7 a t  room tempera- 
ture. When no more 2 N NaOH was consumed (-1 hr), the pH was raised 
to 10 with hexamethyleneimine. The solution was extracted with ether 
(200 ml) and chloroform (2 X 800 ml), and the combined chloroform 
phases were dried and evaporated in uacuo. 


The oily residue was dissolved in water (400 ml), the pH was adjusted 
to 5.5, and the solution was freeze dried. The product (12 g) was triturated 
with acetone (100 ml) for 0.5 hr. After filtration, the filtrate was evapo- 
rated in uacuo to leave a solid (11.2 g), which was dissolved in isopropanol 
(160 ml). Then 8 N hydrogen chloride in isopropanol(4.4 ml) and water 
(4 ml) was added, and the hydrochloride hydrate of I1 was precipitated 
(6.1 g) by the addition of isopropyl ether (300 ml). 


Recrystallization from isopropanol-isopropyl ether yielded 3.8 g (5.5%) 
of the pure compound, mp 170-173'; [a]g +248O (HzO, pH 2.5); [alp 
+290' calculated as the anhydrous zwitterion; PMR (CDsOD, tetra- 
methylsilane): 1.53 (9, 2aCH3), 1.62 (8 ,  2BCH3), 1.5-2.1 [m, (CHZ)~], 
3.5-4.0 (m, CHzNCHz), 4.54 (s,3H), 5.07 (d, J = 1.6 Hz, 6H), 5.43 (d, J 
= 1.6 Hz, 5H), and 8.23 (9, NCH=N); 13C-NMR [(CD&SO, tetrametli- 
ylsilane]: 32.7 (CHs), 68.3 (C-3), 68.6 (C-5), 71.2 ((2-6). 156.2 (NC=N), 
166.8 (C-7), and 167.7 (COO); IR (0.3% KBr): 1774, 1723, and 1675. 


Anal.-Calc. for C15Hz6C1N304S: C, 47.42; H, 6.90; N, 11.06; S, 8.44; 
Hz0,4.73. Found: C, 47.69; H, 7.02; N, 11.00; S, 8.51; HzO, 4.07. 


Synthesis of Benzyl (6S)-6- [(Hexahydro-1 H-azepin-1-y1)rneth- 
yleneamino]penicillanate Nitrate-Benzyl (6S)-6-aminopenicillanate 
(12) (1.7 g, 5.5 mmoles) was stirred in hexamethyleneiminecarboxal- 
dehyde dimethyl acetal(15 ml) for a few minutes. The resultant solution 
was kept at room temperature overnight, followed by stirring for 10 min 
at 0-5' with water (30 ml). The acidified reaction mixture (pH 2.5) was 
extracted with ether (30 ml) and subsequently with ether (2 X 30 ml) a t  
pH 7.5. 


The organic phase from the alkaline extraction was extracted with 
water (5 X 15 ml), dried, and evaporated in uacuo to leave an oil (2.5 g). 
To an isopropanolic solution (20 ml) of this oil was added a solution of 
concentrated nitric acid (0.3 ml) in isopropanol(3 ml), and the mixture 
was cooled to 0-5'. The precipitate (1.9 g) was recrystallized from 
methanol-ether to yield 1.4 g (53%) of the title compound, mp 172'; [a]$ 
+222O (96% CsHsOH); PMR [(CD3)2SO, tetramethylsilane]: 1.37 19, 
2aCH3), 1.53 (8 ,  2PCH3), 1.4-2.0 [m, (CHZ)~], 4.71 (s,3H),5.11 (m, 6H), 
5.22 (9, OCHZC~H& 5.33 (d, J = 2 Hz, 5H), 7.38 ( s ,  C&), and 8.22 ( t is,  
NCH=N); IR (0.3% KBr): 1775,1748,1682,1382,1202,1180,765,752, 
703, and 508. 


Cerius P-lactamase, Penase LEO, Leo Pharmaceutical Products. 


Anal.-Calc. for C22H3&0&: C, 55.22; H, 6.32; N, 11.71. Found: C, 
55.02; H. 6.27; N, 11.87. 


Synthesis of (6s)-6- [(Hexahydro-1 H-azepin-1 -yl)methyleneami- 
nolpenicillanic Acid Hydrochloride Hydrate-A solution of the 
above-mentioned benzyl ester (1.4 g, 2.9 mmoles) in ethyl acetate (25 ml) 
was successively extracted with sodium hydrogen carbonate (0.85 g) in 
water (25 ml) and water (25 ml). After drying, the ethyl acetate was re- 
moved in uacuo; the residue (1.3 g), dissolved in water (25 ml) and 4 N 
HCl(O.73 ml, 2.9 mmoles), was extracted with ether (25 ml) and hydro- 
genated over 10% palladium-on-carbon (1 g) at slightly elevated pres- 
sure. 


The catalyst was filtered off, and the filtrate was extracted with ether 
(15 ml) and freeze dried. The product (0.8 g) was crystallized from iso- 
propanol-isopropyl ether and 96% ethanol-ether to yield 0.45 g (43%) 
of the title compound, mp 170-173O, shown to be identical with the 
substance isolated from alkaline degradation of I by TLC, PMR, and 
IR. 
(6R)-6-Formamidopenicillanic Acid (111)-This compound was 


synthesized from acetic formic anhydride and trimethylsilyl6-amino- 
penicillanate and isolated as the sodium salt (13). It was recrystallized 
from formamide-acetone, mp 235-240'; [a]@ +272' (HzO); PMR (D20, 
sodium 3-trimethylsilylpropanoate): 1.58 (s ,  BaCHa), 1.67 (9, PBCHs), 
4.32 (s, 3H), 5.67 (m, 5H and 6H), and 8.23 (8, OCH); IR (0.3% KBr): 1782, 
1672,1599,1490,1388,1312,1125, and 778. 
(6S)-6-Formamidopenicillanic Acid (1V)-Benzyl (GS)-&Form- 


amidopenicillanate-A mixture of formic acid (1.1 ml, 28.9 mmoles), 
triethylamine (4.0 ml, 28.9 mmoles), and acetyl chloride (2.1 ml, 28.9 
mmoles) in tetrahydrofuran (130 ml) was stirred for 15 min at -70' and 
subsequently added to a solution of benzyl (6S)-6-aminopenicillanate 
(12) (9.1 g, 29.7 mmoles) in tetrahydrofuran (165 ml) a t  -70'. The re- 
action mixture was stirred for 3 hr at room temperature and filtered. The 
filtrate was evaporated in uacuo; the oily residue (15.6 g) was taken up 
in a mixture of ether (130 ml) and ethyl acetate (25 ml) and successively 
extracted with water (35 ml), dilute hydrochloric acid (35 ml, pH 2.5), 
and water (2 X 35 ml). 


The organic phase was dried and evaporated in uacuo. Crystallization 
of the residue (11.5 g) from ethyl acetate-petroleum ether yielded 7.0 g 
(71%) of the pure compound, mp 107-108'; [a ]g  +209O (96% CzH50H); 
PMR (CDC13, tetramethylsilane): 1.38 (s,  2aCH3), 1.57 (s, BPCHs), 4.53 
(s,3H), 5.0-5.4 (m, 5H and 6H), 5.18 (m, OCH&&,), 7.10 ( d , J  = 8 Hz, 
NH), 7.37 (9, CI&), and 8.18 (9, CHO); IR (0.3% KBr): 1785,1738,1655, 
1525,1450,1382,1212,1186,1004,992,742,735,695, and 578. 


Anal.-Calc. for CleHlsNz04S: C, 57.47; H, 5.43; N, 8.38. Found: C, 
57.56; H, 5.61; N, 8.36. 


Potassium (GS)-6-Formarnidopenicillanate-A mixture of the 
above-mentioned benzyl ester (1.0 g, 3 mmoles) in ethyl acetate (15 ml) 
and potassium hydrogen carbonate (0.9 g, 3 mmoles) in water (25 ml) was 
hydrogenated over 10% palladium-on-carbon (2.5 g) a t  slightly elevated 
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pressure. After filtration, the aqueous phase was separated, extracted 
with ether (25 ml), and freeze dried. The greyish product (1.2 g) was ex- 
tracted with ethanol (25 ml) and filtered. The filtrate was evaporated in 
uacuo to leave a solid residue (0.8 g), which was triturated with isopro- 
pan01 (10 ml). A 0.7-g (83%) yield of potassium (6S)-6-formamidopeni- 
cillanate as an amorphous powder was obtained; PMR (Dz0, sodium 
3-trimethylsilylpropanoate): 1.52 (s, 2aCH3), 1.60 (a, 2flCH3), 4.33 (a, 
3H), 4.93 (d, J = 1.8 Hz, 6H), 5.34 (d, J = 1.8 Hz, 5H), and 8.18 (8, CHO); 
IR (0.3% KBr): 1750,1660,1600, and 1525. 


(l'RJR,IS)-5,5-Dirnethyl-2-[ 1'-( (hexahydro- 1H -azepin-1-y1)- 
methyleneamino)methyl]thiazolidine-1',4-dicarboxylic Acid7 
(V)-A mixture of I (5.0 g, 15.4 mmoles) and 1,500,000 units of fl-lacta- 
masee in water (50 ml) a t  room temperature was kept a t  a constant pH 
(7.0) by adding 1 N NaOH. When no more sodium hydroxide was con- 
sumed, the solution was freeze dried to yield 5.7 g (100%) of the crude 
sodium salt of V. 


To a solution of this salt (3.7 g, 10 mmoles) in water (30 ml) was added 
2-naphthalenesulfonic acid trihydrate (6.6 g, 25 mmoles) in water (70 ml) 
a t  room temperature. The precipitate (5.5 g) was recrystallized from 
acetone (25 ml) and water (5 ml) by addition of ether (50 ml) and from 
methanol-ether to yield the pure 2-naphthalenesulfonate hydrate of V 
(1.6 g, 28%), mp 132-133'; [a@ +30° (CH3OH); PMR (CDsOD, tetra- 
methylsilane): 1.28 (8, 5aCH3), 1.60 (8 ,  5/3CH3), 1.5-2.1 [m, (CH2)4], 3.72 
(s,4H), 3.3-3.8 (m, CHzNCHz), 4.27 (d, J = 7 Hz, l'H), 5.14 (d, J = 7 Hz, 
2H), 7.4-8.3 (m, C I ~ H ~ ) ,  and 8.38 (bs, NCH=N); IR (0.3% KBr): 1730, 
1682, and 1620. 


Anal.-Calc. for C ~ ~ H ~ S N ~ O ~ S Z :  C, 52.71; H, 6.19; N, 7.37; H20,3.16. 
Found C, 52.62; H, 6.24; N, 7.18; HzO, 3.78. 


(2R,4S)-5,5-Dimethyl-2-[ (hexahydro- 1H -azepin-1-y1)methy- 
leneaminomethyl]thiazolidine-4-carboxylic Acide (VI1)-A sus- 
pension of 2-aminomethyl-5,5-dimethylthiazolidine-4-carboxylic acid 
dihydrochloride dihydrate (16) (30 g, 100 mmoles) in chloroform (800 
ml) was stirred for 0.5 hr at room temperature. Triethylamine (28 ml, 200 
mmoles) was added. After stirring for 2.5 hr, the precipitate (21.5 g) was 
filtered off and washed with chloroform (4 X 100 ml) and ether (2 X 100 
ml). 


To a stirred suspension of this crude zwitterion (19 g, 100 mmoles) in 
methanol (1000 ml) was added hexamethyleneiminecarboxaldehyde 
dimethyl acetal(l8.2 ml, 100 mmoles) a t  room temperature. After 2 hr, 
the solution was filtered and evaporated in uacuo. Addition of water (7 
ml) followed by acetone (100 ml) to the solid residue yielded 17.6 g of 
crude VII, mp 153-155'. Treatment of this product in methanol (240 
ml)-ether (240 ml) with hydrogen chloride in isopropanol afforded the 
hydrochloride of VII, mp 183-184'. 


Recrystallization from methanol-ether yielded 7.1 g (24%) of the pure 
VII hydrochloride, mp 186.5-187'; [a18 +150' (HzO); PMR (DzO, so- 
dium 3-trimethylsilylpropanoate): 1.45 (a, 5aCH3J, 1.72 (s,  5PCH3), 
1.4-2.1 [m, (CHZ)~], 3.4-3.8 (m, CHZNCH~), 3.87 (m, l'H), 4.07 (9, 4H), 
5.12 (t, J = 6 Hz, 2H), and 8.03 (s, NCH=N); IR (0.3% KBr): 1685,1600, 
1460,1128, and 787. 


And-Calc. for C14H26ClN302S: C, 50.05; H, 7.80; N, 12.51. Found: 
C, 50.12; H, 7.72; N, 12.70. 


( ltR,2R,4S)-5,5-Dimethyl-2-( 1'-formamidomethyl) thiazolidine- 
1',4-dicarboxylic Acidg (1X)-A solution of the 111 sodium salt (2.6 g, 
10 mmoles) in 50 ml of water was treated a t  room temperature with 
500,000 units of P-lactamasee. The pH was kept a t  7.0 by adding 1 N 
NaOH (10 ml). After freeze drying, the IX disodium salt was obtained 
in 100% yield (3.0 g); PMR: (D20, sodium 3-trimethylsilylpropanoate): 


(m, lH), and 8.13 (bs, OCH); IR (0.3% KBr): 1665,1595, and 1398. 
(2&4S)-5,5-Dimethyl -2- formamidornethylthiazolidine-4-car- 


boxylic Acid10 (XI)-A mixture of 2-aminomethyl-5,5-dimethylthia- 
zolidine-4-carboxylic acid dihydrochloride dihydrate (16) (9.0 g, 30 
mmoles), triethylamine (8.4 ml, 60 mmoles), and tetrahydrofuran (300 
ml) was stirred for 3 hr at room temperature and subsequently cooled to 
-70'. 


In another flask, formic acid (1.16 ml, 30.6 mmoles), acetyl chloride 
(2.18 ml, 30.6 mmoles), and triethylamine (4.26 ml, 30.6 mmoles) were 
stirred in tetrahydrofuran (120 ml) a t  -70' for 10 min. While stirring, 
the resulting suspension was immediately added to the first mixture. The 
temperature was raised to 20-25' during 1.25 hr. After filtration and 
washing with tetrahydrofuran, the filtrate was evaporated in uacuo. 


1.27 (~,5aCH3), 1.61 (9,5PCH3), 3.42 (8,4H), 5.03 (d, J = 7 Hz, 2H), 4.32 


7 Previously named BB 511 (14,15). 
8 Previously named FL 1116 (14). 
@Previously named BB 517 (14,15). 


10 Previously named FL 1114 (14). 


Table 11-Rf Values of Mecillinam and Reference Compounds 


Rf Values 
System System System System System 


Compound A B C D E 
I 


I1 
111 
IV 
V 


VI 
VII 


VIII 
IX ~. ~ 


X 
XI 


XI1 
XI11 


CNHa 
6-Aminopenicil 
Penicic acid 
Penicillamine 


ilanic acid 


0.05 
0.05 
0.50 
0.40 
0.00 
0.00 
0.00 
0.00 
0.05 
0.05 
0.20 
0.20 
0.45 
0.10 
0.15 
0.05 


0.25 
0.30 
0.70 
0.65 
0.10 
0.15 
0.15 
0.15 
0.10 
0.10 
0.25 
0.25 
0.50 
0.15 
0.20 
0.05 


0.60 
0.65 
0.75 
0.70 
0.45 
0.25 
0.50 
0.45 
0.20 
0.i6 
0.35 
0.35 
0.65 
0.45 
0.40 
0.20 
0.45 


0.05 
0.05 
0.50 
0.35 
0.00 
0.00 
0.05 
0.05 
0.00 
0.00 
0.15 
0.15 
0.45 
0.20 
0.25 
0.05 
0.10 


0.45 
0.45 
0.55 
0.50 
0.35 - 
0.50 
0.45 
0.15 
0.15 
0.45 
0.45 
0.65 
0.50 


0.15 
0.55 


- 


a Only visible with 4,4'-tetramethyldiaminodiphenylmethane spray reagent 
(11). 


The oily residue (8.6 g) was crystallized from methanol (40 ml) to yield 
2.6 g (40%) of XI, mp 160.5-161'; [a]'#$' +169' (HzO); PMR [(CD&SO, 
tetramethylsilane]: 1.21 (a, 5aCH3), 1.57 (a, 5PCH3), 3.17 (m, l'H), 4.65 
(m, 2H), 3.58 (s,4H), 7.5 (bs, 3NH and COOH), and 8.02 (bs, OCH); IR 
(0.3% KBr): 1680,1635,1555,1135,1060,1045,780, and 595. 


Anal.-Calc. for C~HibN20&: C, 44.02; H, 6.46; N, 12.83. Found C, .. - - 
44.27; H, 6.43; N, 12.71. 


( l'R.2R.4Sb5.5-Dimethyl-24 1'-formamido- 1' -N,N-hexameth- 
ylenecarbamoylmethyl)thiazolidine-4-carboxylic Acid" (XIII) 
-Isolation from Alkaline Degradation of I-A I solution (10 g, 31 
mmoles) in water (100 ml) was adjusted to pH 10 and kept for 4 hr at 37' 
and constant pH. After adjustment to pH 3, the solution was extracted 
with chloroform (3 X 100 ml). The combined organic phases were dried 
and evaporated in uacuo. For chromatography, 0.5 g of the residue (1.8 
g) was dissolved in chloroform (2 ml), applied to a Sephadex LH 20 col- 
umn (65 X 2.5 cm), and eluted with chloroform (2 ml/min). The separa- 
tion was followed by TLC using System B (Assay Methods and Table 
11). 


The combined fractions containing XI11 were evaporated in U ~ C U O  to 
leave an oil (0.29 8); PMR (CDC13, tetramethylsilane): 1.30 (s,BaCH3), 
1.67 (9, 5PCH3), 1.6-2.0 [s, (CHZ)~], 3.4-3.8 (m, CHZNCH~), 3.78 (8, 4H), 
4.8-5.5 (m, 2H and l'H), 7.02 (bs, 3H and COOH), 7.81 (bs, J = 9 Hz, 
CONH), and 8.33 (d, J = 1.2 Hz, HCO); 13C-NMR (CDCl3, tetrameth- 
ylsilane): 59.8 (C-5), 67.0 (C-2), 52.3 (C-l'), 72.5 (C-4),163.5 (HCO), 169.5 
(NCO), and 171.7 (COOH); IR (5% CHC13): 1722,1675, and 1625. 


Synthesis-A solution of the I11 sodium salt (6.4 g, 25 mmoles) in water 
(75 ml) was stirred for 1.5 hr a t  room temperature with hexameth- 
yleneimine (2.8 ml, 25 mmoles). After extraction with ether (25 ml), the 
aqueous phase was cooled ( 0 - 5 O )  and acidified (pH 3), followed by ex- 
traction with chloroform (5 X 100 ml). After drying, the chloroform was 
removed in oacuo. To a filtered solution of the residue (4 g, 12 mmoles) 
in acetone (80 ml) was added 1.4 ml (12 mmoles) of cyclohexylamine. 
Without isolation, the precipitated salt was brought into solution by the 
addition of water (12 ml). 


After filtration and addition of acetone (160 ml), 2.6 g (23% yield) of 
the XI11 cyclohexylamine salt was obtained as a hemihydrate, mp 
172-173O; [a18 +96O (96% C2H50H); PMR (DzO, sodium 3-trimeth- 
ylsilylpropanoate): 1.25 (s,5aCH3), 1.63 (9, 5PCH3), 1.2-2.3 [m, (CH2)4 
and (CH2)5], 3.57 (s,4H),3.0-3.9 (m,CHzNCH2 and CH=N),4.93 (m, 
2H and I'H). and 8.09 (8 .  CHO): IR 10.3% KBr): 1668. 1621.1600.1525. . ,  - .  . 
1392, and 790. 


1.99. Found: C. 55.88 H. 8.67: N, 12.49; HzO, 2.28. 
Anal.-Calc. for Cz1H&404S - 0.5H20: C, 55.85; H,8.71; N, 12.41; HzO, 


Assay Methods-Iodometric Method-The residual concentration 
of intact P-lactam compound(s) was determined by an iodometric titra- 
tion. 


Spectrophotometric Method-The concentrations of mecillinam (I) 
and (6S)-mecillinam (11) were determined by a spectrophotometric 
measurement12 at 330 nm of the imidazolone formed by reaction between 
I and glycine in aqueous solution (17). 


11 Previously named BB 514 (14). 
Beckman Acta C 111. 
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V 


k5 1 


VII VIII 
Scheme I 


TLC-The degradation products were identified and semiquantified 
by comparing samples of appropriate reference compounds in different 
solvent systems. The Rf values of the reference compounds are given in 
Table 11. 


Solvent systems were: A, ethyl acetate-water-acetic acid (75101!5); 
B, ethyl acetate-water-formic acid (801010); C, chloroform-ethanol 
(96%)-formic acid (503020); D, chloroform-ethanol (96%)-acetic acid 
(802030); and E, ehloroform-acetone-acetic acid-water (403030:lO). 


For a semiquantitative estimation of degradation products in Systems 
A and B, 10-pl samples from the reaction solutiqn as well as 10-p1 samples 
from a 10-fold aqueous dilution of the reaction solution were linearly 
applied directly to the silica gel plate13. The aqueous standard blends 
were applied beside the test samples. With Systems C-E, samples ( 1.0 
ml) of the reaction solution were freeze dried and dissolved in methanol 
(1.0 ml). Half of this solution was diluted to 5.0 ml with methanol, and 
10 pl of each methanolic solution was applied linearly to the plate together 
with methanolic samples of the appropriate reference compounds. 


The plates were developed in each solvent system until the mobile 
phase had ascended 12.5 cm. The chromatograms were visualized by 
exposing the plate to iodine vapor, followed by spraying with a starch 
indicator (1% in water). For chromatograms developed in System D, the 
visualization was performed with 4,4'-tetramethyldiaminodiphenyl- 
methane reagent (18). 


NMR Methods-The NMR data4 of the pure compounds were ob- 
tained from 10% (w/v) solutions. Kinetic studies were performed either 
on freeze-dried samples redissolved in deuterium oxide or on samples 
taken directly from experiments performed in deuterium oxide or water. 
Deuterated acid or base was used for pD adjustment in deuterium oxide. 
The overall concentration of the kinetic experiments was -l%, rind 
hexamethyldisiloxane served as the internal reference. 


In Fourier transform NMR, deuterium from the deuterated solvents 
was used as the internal lock. In water, a coaxial inner tube14 with deu- 


Table 111-Acidic Hydrolysis of Mecillinam (1% w/v) at pH 2 
and 37" - 


Product Distribution, mole % 
Hours I v VII VN 


- - 0.25 99 2 
3 90 5-10 2 
6 80 5-10 10 5 
24 35 5-10 35 25 
f;n 1.5 5-1 n 4.5 3.5 


- 


l3 Silica gel 60 Fz54 (Merck 5715). 
Type WGS-5 BL, Wilmad Glass Co. 


terium oxide served as the external lock. The digital resolution was kept 
better than the spectrometer resolution, and from 24-200 (proton) up 
to 60,000 (carbon 13) scans were accumulated. Usually, a carbon-proton 
5-mm dual probe or, in special cases, a 10-mm carbon probe was used. 


All spectra were obtained with 30 or 90' pulses, using a sufficient 
repetition time to allow full relaxation. 


Homo and hetero decoupling experiments were performed with stan- 
dard 8K software and standard hardware. The water band was mostly 
eliminated through homogated decoupling. 


Overhauser enhancement was obtained from degassed samples. During 
data manipulation, a light positive exponential multiplication was per- 
formed. Whenever necessary and possible, reference compounds were 
added to the reaction mixtures in realistic concentrations to support 
individual compound identification and to facilitate proton spectrum 
interpretation. 


Kinetic Procedures-An accurately weighed amount of I was dissolved 
in preheated water (37') to produce an initial concentration of -3 X 
M (1% w/v). Hydrochloric acid or sodium hydroxide was added to give 
the reaction solution the desired pH (all integers of the pH interval from 
2 to lo), and the pH was maintained by a pH-stat15. Before and after an 
experiment, the pH meter was standardized with a standard buffer at 
the same temperature. No significant pH change was observed. The re- 
actions were carried out at constant temperature (37 f 0.1'). 


If the half-life of I was more than 1 day, a closed titration vessel was 
used. In some experiments (at pH 2, 5, and 8), the ionic strength was 
adjusted to 0.5 by addition of sodium chloride. Samples from the reaction 
solutions were taken at  appropriate intervals and analyzed. Aqueous 
solutions of II,6-formamidopenicillanic acid (III), and mecillinam pen- 
icilloic acid (V)16 (1% w/v) were subjected to the same kinetic proce- 
dure. 


RESULTS16 


The degradation of mecillinam (I) was followed until most of the drug 
was destroyed. The results obtained at  pH 2,6, and 10 will suffice to 
outline the influence of pH on hydrolysis rate and product distribu- 
tion. 


The structures of the degradation products with unchanged stereo- 
chemistry were deduced by comparing their Rf values with those of 
synthetic specimens of likely candidates in several systems and were 


l6 Radiometer model TTT 1 h. SBR 2, and magnetic valve type MNVIC or Ra- 
diometer RTS 622. 


16 Although not strictly correct, the nomenclature and numbering of penicillin 
are used for all degradation products including.monocyc1ic compounds except in 
the Experimental part. When not otherwise indicated, the compounds have the 
natural penicillin configuration (3s. 5R,  6 R ) .  
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confirmed by NMR spectroscopy, except in the case of the penicilloic 
amide XI11 (Table I). This compound, as well as (6s)-mecillinam (II), 
was initially isolated from reaction mixtures and identified. For the iso- 
lation of 11, use was made of the resistanceof I1 towardo-lactamase (cf., 
11) to separate it from I. 


The existence of other stereochemically abnormal degradation prod- 
ucts, when suspected from NMR, was verified by equilibration experi- 
ments on the appropriate reference compounds with normal configura- 
tion. The structures of XIII, 11, and (GS)-formamidopenicillanic acid (IV) 
were further confirmed by unambiguous syntheses. All were straight- 
forward. The yields of degradation products were estimated by com- 
parison with reference compounds by TLC and further supported by 
NMR. 


In strong acid solution (pH 2, Table 111 and Scheme I), the &lactam 
ring of I was opened rapidly to afford the penicilloic acid V in 5-1Wo yield. 
No further increase in the yield of this compound was noted during the 
next 50 hr. In the same period, an increasing amount of decarboxylated 
product (VII) was formed. After 50 hr, a 45% yield of VII was obtained. 


The other major product formed concurrently with VII, and in almost 
the same yield, was the (SS)-epimer VIII. The half-life of I a t  pH 2 was 
-15 hr (bob = 0.039 hr-l, Table IV). No compounds resulting from 
amidine bond hydrolysis were observed. 


In weak acidic solution (pH 6) about its isoelectric point, I degraded 
more slowly, the half-life being -100 hr (Tables IV and V and Scheme 
11). Amidine bond hydrolysis occurred during the formation of most of 
the observed products. In addition to hexamethyleneimine, the pre- 
dominant products formed were 6-formamidopenicillanic acid (111) and 
compounds formally derived from it by hydrolysis of the /3-lactam ring 
(IX and X) and subsequent decarboxylation (XI and XIr). A 10% yield 
of I1 was noticed after 120 hr. 


In strong basic solution (pH 10, Table VI and Scheme III), I was rapidly 
destroyed with a half-life of -1 hr. Compounds undergoing amidine bond 
hydrolysis during the degradation formed a major part of the reaction 
mixture. Thus, the 6-epimeric formamidopenicillanic acids I11 and IV, 
the 5-epimeric penicilloic acids IX and X, and the penicilloic amide XIII 
were formed in a total yield of 5040% during 2-3 hr, with XI11 being of 


VI 


111 Y 1  v 


IX and X XIII 
Scheme III 
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Table IV-Measured Rate Constants. at 37" 


k L 9  k%s* k 3, k4, 
PH hr-l hr-* hr-1 hr-l 


2 0.039 0.0026 - - 
6 0.0076 0.0016 0.22 0.0022 


10 0.79 0.29 0.32 0.32 


Estimated error <20%. 


Table V-Weak Acidic Hydrolysis of Mecillinam (1% w/v) at pH 
6 and 37" 


Product Distribution, mole % 
Hours I n 111 IX+XO X I + X I I  CNR 


- - - - 0.25 99 - 
2 99 - - 0.5 
5 95 0.5 0.5 2 - 3 


- - 
_ -  


24 85 1 3 lo (1:l) - 15 
50 70 5 7 20 (lA.2) 2 25 


120 40 10 15 30 (1:1.5) 10 50 
(I Figures in parentheses are the I X X  ratios estimated by NMR. 


secondary importance. A 5545% yield of hexamethyleneimine was ob- 
tained during the same period. 


A t  the same time, compounds with the preserved amidine bond (the 
major component 11, V, and VI) were produced in a 30% yield. 6-Ami- 
nopenicillanic acid, penicic acid, and penicillamine were not observed. 


As seen from Tables VII and VIII, the yield of XI11 was dependent on 
the I concentration. Increasing this concentration from 0.1 to 10% in- 
creased the yield of XIII. 


In addition, experiments performed a t  pH 2,5, and 8, either neat or 
with added sodium chloride to obtain an ionic strength of 0.5, showed no 
influence of ionic strength on the degradation rate and product distri- 
bution. 


DISCUSSION 


Methods-Although TLC has infrequently been applied to the study 
of penicillin degradation, several solvent systems have been developed 
for the separation of the penicillins and their major degradation products 
(19). In the present study, special solvent systems had to be developed 
in consequence of the strongly polar compounds formed from mecillinam 
(I). No single system was discovered that could separate all degradation 
products. Only with several systems did TLC on silica gel satisfactorily 
separate products formed in at least a 0.5% yield. 


Many solvent systems were evaluated to ensure that no principal 
products were overlooked and that no artifacts were interpreted as deg- 
radation products. This procedure was supported by NMR and semi- 
quantitative measurements. As seen from Tables 111 and V-VIII, the 
yields of degradation products accounted for nearly all lost 1. 


Generally, these results were estimated to be accurate with a relative 
uncertainty of 20%, although the determinations of hexamethyleneimine 
in basic reaction resolutions were more uncertain because of the un- 
avoidable evaporation of some amine during the freeze-drying process 
involved in the TLC and NMR determinations. 


PMR spectra in deuterium oxide or water could be used to separate 
and quantitate all products containing a formyl or an amidine proton (Fig. 
1). As expected, large pD, pH shifts (up to 0.5 ppm) were observed in the 
formyl and amidine 8-ppm region. The amidine protons were more sen- 
sitive to pD, pH variations than were the formyl protons (Table IX). 


The best separation of the hydrolysis compounds was obtained in basic 
solutions where all amidines could be detected separately to yield satis- 
factory integrals. In the absence of overlapping lines, integrals could be 
determined better than &5%. With partly overlapping lines, the estimated 
error was <&25%. By changing the pD during observations, useful inte- 
grals of nearly all of the hydrolysis products could be obtained. De- 
struction products formed in yields of <5% could not be determined 
because of further degradation during the necessary accumulation 
time. 


Outside the 8-ppm region, it was possible to identify all compounds 
through characteristic absorptions. However, quantitation of the hy- 
drolysis mixture using these absorptions was often less profitable due 
to overlapping spin patterns. 


The NMR results were in excellent agreement with the TLC obser- 
vations. In some cases, products (V and VIII-XII) that could only be 


IS 


111 I 
I \' I il 


I I I I I I I 
8.5 8.0 7.5 


6, ppm 
Figure 1-PMR spectrum (99.6 M H z )  of a freeze-dried sample from 
I hydrolysis ( 1  % w/v, 3 hr, 37', pH 10). Sample was redissolved in 
deuterium oxide and adjusted to a p H  meter reading of 10.2; the 8-ppm 
region is shown. Conditions were: number of pulses, 64; flip angle, 30'; 
pulse repetition time, 15 aec; and digital resolution, 0.12 Hz. 


quantitated uncertainly, or as a sum from TLC, could be determined 
separately. 


In addition to the TLC and NMR methods, intact I also has been de- 
termined by iodometric titration and a spectrophotometric method re- 
cently developed by Larsen and Bundgaard (17). Whereas the iodometric 
assay does not distinguish between different types of P-lactam-containing 
compounds, the spectrophotometric method is claimed to be highly 
specific for I and its pivaloyloxymethyl ester (pivmecillinam) since an 
intact p-lactam ring, as well as an amidine group at position 6, is necessary 
for the method. Under weak acidic to basic conditions, this method is 
invalidated due to the formation of 11. The molar absorbance of I1 when 
subjected to this assay is only about 75% of the absorbance of I, pre- 
sumably owing to slower reaction with the glycine reagent since the same 
4-aminomethyleneimidazol-5(4H)-one derivative should be formed from 
both epimers. Therefore, this spectrophotometric assay cannot be used 
as a general specific method for quantitation of I under weak acidic to 
basic conditions. 


Reaction Rate Constants-At constant pH and temperature, the 
observed rate for I degradation, obtained by measuring the remaining 
intact I, followed pseudo-first-order kinetics. The observed rate constants 
(kAbs) at  pH 2,6, and 10 are listed in Table IV. A t  pH 6, k i b  was the sum 
of three rate constants: k l  (P-lactam opening), kp (hydrolysis of the am- 
idine bond), and k 6  (6-epimerization). To calculate k l ,  kp, and k g  at  pH 
6, the following differential equations were used: 


1 


-= d ( l )  -kAbB(I) = ( -k l  - kp - k6) (I) d t  (Eq. 1) 


where the observed rate constants for the degradation of I1 (kik,) and I11 
(k4) were separately determined (Table IV). 


The solutions of the differential equations are: 


k l =  kiba - kp - k 6  (Eq. 6) 
Comparison of Penicillin and Mecillinam Hydrolysis-In addition 
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Scheme IV 


to identifying the major hydrolytic degradation products of I, it was of 
interest to compare the influence of an amidine and an amide side chain 
on the hydrolytic patterns of their 6-aminopenicillanic acid derivatives. 
However, due to the complexity of penicillin transformations in aqueous 
solution (20), no completely satisfactory degradation schemes have been 
put forward for penicillin hydrolysis. Among the schemes found in the 
literature (2,19,21-29), only those of Blaha et al. (27) and Hartmann et 
af. (28) are exclusively based on accurate analyses. They followed the 
formation of a selection of known degradation products of penicillins G 
and V in aqueous solution as a function of pH, until most of the penicillins 
were destroyed, by high-pressure liquid chromatography (HPLC) and 
UV spectroscopy. Though slightly different, and despite the inherent 
incompleteness, their schemes with minor modifications are adopted in 
the discussion as representing the main features of penicillin degrada- 
tion. 


Acidic Solution-Scheme IV shows the degradation of penicillins in 
acidic solution. Nearly all of the primary degradation products of a 
penicillin retain the side chain either intact or in derived form (penicil- 
lenic and penillic acid). The only exception is penicillamine solely derived 
from the nucleus. The scheme differs from those of previous investigators 
(27,28) mainly by the incorporation of the 5-epimerization of penicilloic 
acid. (5s)-Penicilloic acid was not included among their reference com- 
pounds. Depending on pH and temperature, at least some epimerization 
can be expected before decarboxylation to the 5-epimeric mixture of 
penilloic acids. 


In I, the side chain is also preserved during acidic hydrolysis (Scheme 
I). Cleavage of the @-lactam ring initiates the formation of a series of 5- 
epimeric compounds closely corresponding to those found in the penicillin 
case with an intact side chain and a thiazolidine ring. No compounds of 
the peniUic or penicillenic acid types are formed, as shown by the absence 


Table VI-Basic Hydrolysis of Mecillinam (1% w/v) a t  pH 10 and 37" 


Product Distribution, mole I 
Hours I I1 111 IV V VI IX + X" XI11 C N H  


3 
- 10 0.5 30 


- 1 - 1 0.25 95 I 3 
1 50 20 10 4 5 


- 
_. _. -_  


2 20 20 20 7 10 1 
3 10 20 20 15 5 5 
4 5 20 15 15 1 5 


20 (5.5:l) 
25 (4.5:l) 
35 (2.51) 


_. 


1 55 
2 65 
5 15 


~~ 


Figures in parentheses are the 1X.X ratios estimated by NMR. 


Table VII-Basic Hydrolysis of Mecillinam (0.1% w/v) at pH 10 and 37" 


Product Distribution, mole I 
Hours I I1 111 IV V VI IX + x XI11 C N H  


1 0.25 95 1 3 
1 50 20 10 4 5 0.5 10 
2 20 20 20 7 10 1 20 


- 1 - 3 
0.5 30 
1 55 


- 


- -~ ~. ~~ 


3 10 20 20 15 10 2 25 2 65 
4 5 20 15 15 5 2 35 5 75 


Table VIII-Basic Hydrolysis of Mecillinam (10% w/v) a t  pH 10 and 37" 


Product Distribution, mole % 
Hours I I1 I11 IV V VI 1x+x- C 


.. 


1 50 20 10 5 1 0.5 2 
2 20 25 20 15 2 1 15 
3 10 20 15 20 2 1 20 
4 5 20 10 20 2 2 25 


1 30 
4 45 
8 65 


20 65 
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H H  Table IX-PMR Data of Mecillinam Degradation Products, 
8-ppm Region, as a Function of pH a 


pH Meter Reading 
Compound 2 5.6 10.2 


penicillin 
H H  


CH, -+ ’7% 
Hood H $ J G C O O H  H,N --COOH 


H H _ _  
penicilloic acid penicillamine 


Scheme V 


of hexamethyleheimine and a UV maximum higher than 260 nm when 
the hydrolysis was followed through 96 hr a t  pH 4 and 37’. 


The observed (SS)-penilloic acid (VIII) is believed to result from 5- 
epimerization of the major degradation product (VII) rather than from 
a decarboxylation of the unobserved (5s)-penicilloic acid. This view was 
supported by epimerization experiments (NMR) of V and VII since V 
underwent rapid decarboxylation (k5  = 0.4 hr-l) and VII, under the same 
conditions (1 hr, pH 2,37O), was converted to a 5-epimeric mixture of VII 
(60%) and VIII (40%). 


During similar epimerization experiments in deuterium oxide, little, 
if any, deuterium incorporation at  position 3,5, or 6 took place. These 
findings indicate that 5-epimerization involving intermediates of the 
penamaldic acid type, as postulated for penicilloic acids of true penicillins, 
must be unimportant. 


Weakly Acidic or Neutral Solution-Fewer degradation products, 
as well as an increased stability of penicillins, was observed under these 
conditions. The primary Scheme IV products still arose, but little, if any, 
penilloic acid or penicillamine was produced and penillic acid was not 
formed. 


In contrast to penicillins, and in spite of the increased stability about 
the isoelectric point (5.8). additional degradation routes were observed 
for I (Scheme 11). As in the acidic hydrolysis, the major part was degraded 
through the penicilloic acid V route ( k l  calculated to 0.005 hr-l) with an 
intact side chain. The very low yield (<1%) of V underemphasized the 
importance of this route due to the subsequent rapid hydrolysis of the 
amidine bond of V ( k 3  = 0.22 hr-1, pH 6,37O, Table IV) to yield IX, X ,  
and hexamethyleneimine. 


A second, less important degradation route leading to IX through I11 
(“hydrogenpenicillin”) involves the same hydrolytic reactions but in 
reversed order. The relatively low rate constant for the amidine bond 
hydrolysis (kp calculated to 0.002 hr-l) as compared with the hundred 
times greater k 3  points to an intramolecularly assisted hydrolysis of the 
a-amidinocarboxylic acid V. A similar proposal was recently put forward 
by other investigators (30) who suggested the formation of a 4-(thiazo- 
lidin-2-yl)-oxazol-5-one intermediate with simultaneous expulsion of 
hexamethyleneimine. 


The key degradation product (IX) was further transformed to its 5- 
epimeric product (X); in acidic solution, both compounds were decar- 
boxylated to yield an epimeric mixture of the penilloic acids XI and XII. 
The mecillinam penicilloic acid V, on the other hand, was not decar- 
boxylated because of the rapid competitive amidine bond hydrolysis to 
IX. This proposed degradation route for V was supported by the stability 
of the unobserved penilloic acid VII, which was stable for more than 24 
hr a t  pH 6. 


A third degradation route, unprecedented in the penicillin series, was 
a commencing epimerization a t  the 6-position. This epimerization was 
rather slow at pH 6 (ke  calculated to 0.001 hr-l), as was the further deg- 
radation of (6S)-mecillinam (11) when compared to I. No further 6-ep- 
imerized products were observed. 


Basic Solution-At higher pH, the penicillin degradation (Scheme 
V) was even more simplified. The penicilloic acid was the only primary 
degradation product, presumably as a 5-epimeric mixture (31). 


In basic solution, the primary steps of the I degradation (Scheme 111) 
were identical to those in weakly acidic and neutral solutions (Scheme 
11). In contrast, the secondary steps showed increased complexity. 


Because of the intricate degradation scheme, it was not possible from 
the results in Table VI to calculate k l  (p-lactam opening), k z  (amidine 
hydrolysis), and k s  (6-epimerization) (Scheme 111) with reasonable cer- 
tainty. Nevertheless, some qualitative considerations can be given by 
combining the results in Tables IV and VI. 


A drastic increase in k 1 as compared to k3 occurred. This result follows 


I 
I1 


I11 
IV 
V 


VII 
VIII 


IX 
X 


XI 
XI1 


XI11 


8.000 7.995 7.631 
8.019 8.035 7.580 
8.149 8.146 8.144 ._ 


8.159 
8.035 
7.985 


8.137 8.177 
7.943 7.930 
7.897 7.870 


8.021 7.992 7.940 
8.188 8.137 8.122 
8.243 8.291 8.298 
8.162 8.064 8.050 
- 8.139 8.137 


8.189 8.090 8.078 


Spectra were taken in deuterium oxide. All data were obtained by using hexa- 
methyldisiloxane as the reference but were converted to trimethylsilylpropanoate 


‘as the 0.000-ppm delta scale. First-order approximations were used. Uncertainty 
on the parts per million reading was f0.005 ppm. Probe temperature was 2 8 O .  


from the observed degradation rate constant for I (Table IV) and the 
separately determined, almost unchanged, k3 together with the detection 
of considerable amounts of V. 


Furthermore, k z  was the same order of magnitude or even greater than 
k4 since the 150-fold increase in kq at pH 10 as compared to pH 6 was not 
reflected in a decrease in the I11 concentration, despite the two additional 
degradation routes for this compound. The increase of kp with increasing 
pH is a logical consequence of the lower stability of amidines in basic 
solutions (6). The small pH dependence of k t  for the hydrolysis of the 
cu-amidinocarboxylic acid (V) may reflect a special hydrolysis mechanism 
of this type of amidine compound. 


As a third important degradation route, the 6-epimerization yielding 
I1 can be observed. It was not possible to determine the relative impor- 
tance of the routes I - V, I - 111, and I - 11. However, the results in 
Tables IV and VI suggest that k l ,  k2, and ka are in the same order of 
magnitude. 


In a secondary degradation step, the I1 hydrolysis afforded substantial 
amounts of (6S)-6-formamidopenicillanic acid (IV). This compound also 
can be produced from 111, as proved in separate experiments. This is the 
first reported example of a 6-epimerization in aqueous solution of a true 
penicillin. Compound I1 can further degrade to a (6S)-penicilloic acid 
(VI), and small amounts of VI were observed. I t  could be expected that 
IV is degraded in a similar way as 111 to yield 6- and 6,5-epimeric products. 
No such compounds were observed. The only 5-epimeric compound de- 
tected was X. 


A minor product from a secondary step is the penicilloic amide XIII, 
which has no counterpart in the penicillin degradation schemes. Com- 
pound XI11 is not a primary degradation product of I, resulting from 
intramolecular nucleophilic attack of the amidine group on the 0-lactam 
moiety. Although this mechanism is favored by Larsen and Bundgaard 
(71, the influence of the I concentration on the yield of XI11 (Tables VII 
and VIII) clearly showed that XI11 is formed by an intermolecular reac- 
tion, presumably between I11 and hexamethyleneimine or, alternatively, 
by an initial bimolecular reaction between two molecules of I, or between 
I and hexamethyleneimine, followed by hydrolysis of the amidine bond. 
The first mechanism is preferred since XI11 does not appear until sub- 
stantial amounts of I11 have been formed (Table VI). Besides, addition 
of 1 equivalent of hexamethyleneimine to a 1% aqueous solution of I at 
pH 10 and 37’ was without influence on the I half-life, although the yield 
of XI11 was increased at  the expense of 111. Furthermore, the half-life of 
111 under similar conditions was decreased 50% when an equimolar 
amount of hexamethyleneimine was added. 


6-Epimeritation-At basic pH, the sum of residual I and produced 
I11 derived from TLC was smaller than the amount of P-lactam-con- 
taining compounds determined from iodometric titration. In the PMR 
spectra of the hydrolysis mixture at pH 10, a freeze-dried sample redis- 
solved in deuterium oxide and adjusted to a pH reading of 10.4 showed 
two singlets (4.27 and 4.24 ppm) and two doublets [5.20 ppm (J = 1.1 Hz) 
and 5.32 ppm (J  = 1.7 Hz)]. This finding suggests the existence of at least 
two more P-lactam-containing compounds. The small coupling constants 
indicate that in these compounds the 5- and 6-protons are trans. Further 
analysis of the PMR spectra supports this theory.’ 


No epimerization at  position 6 in intact penicillins subjected to base- 
catalyzed hydrolysis has been reported, whereas 6-epimerization has been 
described for other 6-aminopenicillanic acid derivatives [hetacillin (32) 
and 6-trimethylammonium penicillanic acid (33)] in aqueous solution. 
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In view of these findings, the two unknown compounds were expected 
to be I1 and IV, respectively. Spectroscopic analysis of I1 isolated from 
the hydrolysis mixture proved the expected structure. Finally, 11 and IV 
synthesized in an unambiguous way were identical to the two @-lactam- 
containing hydrolysis products. In agreement with this finding, basic 
hydrolysis of I performed in deuterium oxide showed deuterium incor- 
poration at position 6 but no incorporation at position 5. 


In hydrolysis experiments a t  pH 10 (37O), I1 equilibrated to a mixture 
of I and 11. After 3 hr ( t& = 2.4 hr), 2-5 mole % of I appeared. This result 
was in contrast to hetacillin, where no (6R)-hetacillin could be detected 
from (6s)-hetacillin (33,34). 


The formation of IV took place mainly from I1 and, unexpectedly, to 
a smaller degree from 111 (see the preceding section). Similarly to 11, IV 
epimerized to 111 (pH 10,37*), giving approximately 1 mole % of 111 after 
4 hr (ti’, = 9.5 hr). No epimerizntion of a (6s)- (or 6R- )  penicillin was 
reported previously. 


Among the 8-lactam-opened thiazolidines, the only 6-epimeric com- 
pound observed was the penicilloic acid VI. 


5-Epimerization-No 5-epimerization of penicillins has been reported 
in aqueous solution. In contrast, thiazolidines are known to be in equi- 
librium with their thiol precursors (35). 5-Epimerization of the p-lac- 
tam-opened compounds, e.g., the penicilloic acids, is well documented 
(21,31,36,37). 


In the present work, only the 8-lactam-opened compounds were found 
to undergo 5-epimerization in acidic (pH 2), neutral (pH 7), and basic 
(pH 10) solutions. Rate constants and equilibrium proportions for the 
different compounds were found to depend on the side chain at position 
517. 


In all observable cases18, epimerization experiments performed in 
deuterium oxide yielded compounds that were not deuterated at positions 
3,5, and 6. These findings are consistent with observations for 6-ami- 
nopenicillanic acid (31) where no deuterium incorporation during base- 
catalyzed hydrolysis could be detected. Several mechanisms have been 
proposed for the 5-epimerization, either through different enamine- (21, 
28,37) or azomethine- (31) type intermediates. From these results, C-6 
cannot be involved in the epimerization process, excluding an enamine- 
type intermediate. Therefore, it must be concluded that a t  least the 
thiazolidines derived from I 5-epimerize like 6-aminopenicillanic acid 
(31) through intermediates of the azomethine type. 


3-Epimerization-No sign of 3-epimerization of penicillins (38) or of 
I or its degradation products was detected. 


(liS,GS)-Compounds-In the present work, no 0-lactam-containing 
compounds with both 5- and 6-epimerization were observed. 


From the degradation of I1 and IV and from the work of Busson et al. 
(361, it would be expected that some (5S,M)-compounds must be present 
at least in basic solutions. No such compounds were observed. Due to the 
relatively greater stability of I1 and N, the amount of (5S,6S)-compounds 
is believed to be of minor importance and they accordingly are not in- 
cluded in Schemes I1 and 111. 


SUMMARY 
Aqueous solutions of mecillinam (I), unlike the penicillins, showed an 


increased complexity of major degradation routes and compounds with 
increasing pH. Some degradation reactions are known from penicillin 
chemistry but others are not, resulting in new types of degradation 
products a t  pH 3 6. Conversely, several of the structures from acidic 
degradation of penicillins were not reproduced at  pH < 6. 


In acidic solution, only compounds closely corresponding to penicillin 
degradation products with an intact side chain and a thiazolidine ring 
were formed, i.e., penicilloic acid V16 (Table I) and 5-epimeric penilloic 
acids VII and VIII of I. 


In weakly acidic or neutral solutions, hydrolysis of the I and V amidine 
bonds yielded the key degradation product (6R)-6-formamidopenicillanic 
acid (111) and its 5-epimeric penicilloic (IX and X) and penilloic (XI and 
XII) acids together with hexamethyleneimine. A reversible 6-epimeri- 
zation of I to yield (6S)-mecillinam (n) constituted a third, less important 
degradation route of I. 


In basic solution, the same products, except XI  and XII, were formed. 
Further I1 degradation led to the penicilloic acid VI. In addition to  
@-lactam opening, 111 degraded uia a reversible 6-epimerization to 
(6S)-6-formamidopenicillanic acid (IV) and by reaction with hexa- 
methyleneimine to the penicilloic amide XIII. 


Unpublished data. 
In some experiments, the position8 protons were partly or completeIy hidden 


by the water band, and quantitative observations could not be done even under 
homogated decoupling experiments. 
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gave a chromatogram that showed many extraneous peaks for the 200- 
ppm sample, but the chromatogram of the 6000-ppm sample was rela- 
tively clean. The difference on the baseline between I and the nearest 
extraneous peak on the 6000-ppm chromatogram was >1 min (Fig. 3). 
Procedure a gave very few additional peaks for the 200-ppm sample (Fig. 
2). In the liquid chromatogram of the 6000-ppm sample, only two small 
peaks were observed. 


Essentially complete recoveries were obtained when known amounts 
of I were analyzed in the absence of feed using both cleanup procedures. 
When a solution of I in acetone was added to a placebo feed, however, the 
overall percent recoveries (fSD) obtained by Procedure a were 90.0 i 
2.0 ( n  = 5) and 95.9 f 1.6% ( n  = 5) for the 200- and 6000-ppm samples, 
respectively (Table 11). Similarly, Procedure b gave overall percent re- 
coveries (*SO) of 92.9 i 1.6 ( n  = 5) and 97.4 & 1.8% (n = 5 )  for the 200- 
and 6000-ppm samples, respectively (Table 11). To provide better rep- 
resentation of the analytical potency, a concomitant standard may be 
used; i.e., the standard can be subjected to the same analytical steps in 
the cleanup procedures. 


The cleanup procedures were evaluated by spiking acetone extracts 
of a placebo feed with a solution of I in acetone. The recoveries, again 
<loo%, were in close agreement with those obtained when the drug was 
added directly to the dry feed followed by manual extraction (Table I). 
Attempts to improve the recoveries by doubling the analytical sample 
size were not successful. Apparently, an interaction occurs between the 
drug and one or more of the extractable feed components, which affects 
the analytical recovery. 


This hypothesis was supported by subsequent recovery studies using 
cleanup Procedure a and placebo feed samples spiked with I a t  the 
6000-ppm level. Duplicate results of 90.9 and 92.1% were obtained when 
the synthetic samples were mixed using a mortar and pestle. When two 


similar samples were assayed 7 days after mixing, recoveries of only 82.8 
and 82.5% were achieved. No peaks that could be attributed to decom- 
position products of I were seen in the chromatograms. 


The HPLC method is stability indicating; various degradation studies 
showed that the I peak decreased upon decomposition with or without 
the appearance of new peaks. 
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Abstract Methods for the determination of organically bound iodine 
were compared. A preliminary destruction of the sample was preferable. 
The sample was mineralized using the Schoniger combustion. Since direct 
potentiometry of the iodide ion was used, further reduction of the sample 
was necessary. Several reductors were compared, and the best results were 
obtained with Devarda alloy. The proposed method was employed for 
the determination of iodine in X-ray cbntrast products. Pure compounds 
and pharmaceutical preparations were investigated. The coefficient of 
variation of the method was 0.9%. 


Keyphrases Iodine-analysis, potentiometric, various pharmaceu- 
ticals, ion-selective electrodes Potentiometry-analysis, iodine in 
various pharmaceuticals 


The increased number of commercially available ion- 
selective electrodes has stimulated their use in pharma- 
ceutical analysis. The potentiometric determination of 
halide salts of pharmaceutical compounds such as alkaloids 
and phenothiazines was described (1-3). Halogen-con- 
taining organic compounds also can be determined by 
ion-selective electrodes. Since halide ion-specific electrodes 
measure only the inorganic ionic halogen in solution, 
preliminary liberation of the covalently bound halogen 
from the organic product is necessary and usually is 
achieved by destruction of organic matter (3-1 1). Methods 
for halogen liberation from organic compounds (hydrolysis, 


decomposition by acids or oxidizing acids, melting of solids, 
combustion in a gas stream, and oxygen flask combustion) 
were discussed previously (12). 


Some investigators reported the liberation of organically 
bound iodine by a metallic reductor. Catalytic dehaloge- 
nation with sodium borohydride in the presence of palla- 
dium was described for the analysis of X-ray contrasting 
media (13). The use of an aluminum foil in alkaline solu- 
tion was proposed for the iodine determination in liothy- 
ronine (triiodo-L-thyronine, T3) and thyroxine (tet- 
raiodo-L-thyronine, T4) (14). 


If a combustion method such as the Schoniger com- 
bustion (15,16) is used to mineralize the organic matter, 
the halogen content can be determined by measuring the 
iodate or iodide content. After combustion, the iodine is 
present as iodine and iodate. The iodine and iodate can be 
reduced to iodide ions, which can be measured potentio- 
metrically with an iodide-ion-selective electrode. In this 
case, a reduction step is necessary. Reduction of iodate has 
already been described. 


Stannous chloride was used for iodate determination in 
iodized cooking salt with an iodide-selective electrode (17), 
and use of an aluminum foil in alkaline solution was re- 
ported for the iodate reduction (18). The purpose of this 
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Table I-Performance of Metallic Reductors for the Reduction 
of a Sodium Iodate Solution Equivalent to 1.000 ppm of I- 


Mean 
Metallic Yield, 
Reductor Yield, % % s 


Raney nickel 90.2,97.5,102.0, 103.0 97.0 4.9 
93.6.95.5 


Devarda alloy 95.5,96:4,101.1,95.5, 98.0 2.5 


Aluminum wire 62.7,45.3,85.2, 72.4 14.8 
99.2,100.2 


84.0.85.0 


work was to develop a suitable method for potentiometric 
determination of iodine in organic compounds. Two 
methods for the liberation of organically bound iodine were 
compared: dehalogenation without complete destruction 
and mineralization. Furthermore, several metallic reduc- 
tors for iodine and iodate reduction were tested. Finally, 
the preferred method was employed for iodine determi- 
nation in pharmaceutical preparations. 


EXPERIMENTAL 


Apparatus--Potential readings were taken on a high-input-imped- 
ance digital pH/mv meter'. Potentiometric measurements were carried 
out using an iodide-specific electrode2 in conjunction with a single- 
junction reference electrode3 in a thermostated (25.0 f 0.1") polyethylene 
vessel. 


Reagents-All reagents were analytical grade. Reductors were Dev- 
arda allo9, nickel-aluminum alloy (50:50)6, and aluminum wire6. Raney 
nickel was prepared from the nickel-aluminum alloy according to a lit- 
erature procedure (19). 


A stock solution of 1000 ppm of I- was prepared with dried sodium 
iodide. The solution was standardized by potentiometric titration using 
a silver nitrate solution. A stock potassium iodate solution (equivalent 
to 1000'ppm of I-) was prepared by dissolving 1.6864 g of potassium io- 
date in 1 liter of water. 


Iodine Determination in Pharmaceutical Compounds without 
Preliminary Destruction-The method proposed by Paletta and 
Pazenbeck (14) was followed except that an aluminum spiral, 30 cm in 
length, was used instead of aluminum foil. The wire was activated before 
use by boiling for 20 min in 1 N NaOH. The iodide determination was 
performed with and without neutralization of the solution with 1 N 
HCI. 


Reductor Testing-The following reductors were tested: Devarda 
alloy powder a t  room temperature, Raney nickel at 55O, and aluminum 
wire at 60'. A 5-ml volume of iodate solution was mixed with 20 ml of 5 
M NaOH. After shaking for 30 min at  the respective temperatures, the 
solution was cooled, filtered, and made up to 100 ml with water. This 
solution was diluted 1:1 with 2 M KN03, and the iodide content was de- 
termined by direct potentiometry. Appropriate standards prepared from 
the iodide stock solution were treated in the same manner. 


Potentiometric Determination of Iodine in Pharmaceutical 
Compounds after Schoniger Combustion7 (Preferred Method)-An 
amount of samples containing -5 mg of iodine was weighed accurately 
on ashless paperg. A 20-ml volume of 5 M NaOH was used as the ab- 
sorption liquid. The combustion was carried out in a Schoniger flask filled 
with oxygen. 


After Combustion, the content of the combustion flask was transferred 
quantitatively to a conical flask. After 1 g of Devarda alloy powder was 
added, the mixture was shaken for 30 min at room temperature, filtered 
into a 100-ml volumetric flask, and made up to volume with water. 


This solution was diluted 1:l  with 2 M KNOB. The iodide content was 


Model 801, Orion Research, Cambridge, Mass. * Model 94-53, Orion Research, Cambridge, Mass. 
Model 90-01, Orion Research, Cambridge, MSSS. 
U.C.B., Brussels, Belgium. 
Catalytic quality, B.D.H. Chemicals, Poole, England. 


Tahlets are ground first; solutions are spotted directly or after dilution on ashless 


6 Carlo Erba, Milan, Italy. ' Model mikro K, Heraeus, Hanau, Germany. 


')aA)%hatrnan. 


Table 11-Iodine Determination in Pharmaceutical Compounds 


Iodine Iodine Mean 
Compound Calculated, Measured, Yield, 
Analvzed % % % 


Ipodate 
sodium 


Ipodate 
c a 1 c i u m 


Ioglycamic 
acid 


Iodomethamate 
sodium 


Iothalamic 
acid 


Amidotrizoic 
acid 


Iopydol 
Iodipamide 
Iobenzamic 


acid 
Liothyronine 


sodium 


Ipodate 
sodium 


Preferred Method 
61.4 61.6.61.6.60.9.61.2. 


61.1,61.5,60.5,61.8, 
62.5,61.5 


61.7 61.5,61.1,62.2 


67.5 63.4,63.3,64.1,64.9 


51.5 47.5,47.5 


62.0 63.1,64.1,64.1,62.1 


62.0 59.3,59.4,59.1 


60.3 57.7.57.8.58.0 
66.8 68.4; 66.3; 67.3,67.0 
57.5 57.0,58.2,57.0 


56.6 53.5,54.0,54.6 


BP Method 
61.4 60.3,60.5,60.6,60.5, 


264.3.61.3 


100.0 f 0.9 


99.8 


94.7 


92.3 


102.2 


95.6 


95.9 
100.7 
99.8 


95.5 


99.7 f 2.5 


determined by direct potentiometry, using a calibration curve obtained 
by standards treated in the same manner. 


RESULTS AND DISCUSSION 


The quantitative liberation of organically bound iodine by reductive 
dehalogenation (14) was used for the determination of iodomethamate 
sodium, an X-ray contrast product: iodine calculated (%I, 51.4; iodine 
found after neutralization (%), 10.6,17.1,19.9,18.1,20.2,and 13.8;yield 
(% of given content), 32.3; iodine found without neutralization (%), 38.2, 
%.7, and 38.2; and yield (%of given content), 72.6. The recovery was very 
poor with neutralization. The aluminum hydroxide precipitate, which 
is formed at  a neutral pH, might have adsorbed iodide ions so that the 
latter could not be detected by the electrode. To avoid precipitation, the 
determination was also performed without neutralizing the solution with 
hydrochloric acid after reduction; the recovery was better but not satis- 
factory. 


These findings suggest that this procedure was not able to liberate 
quantitatively the organically bound iodine and that a mineralization 
of the organic product is required. The Schoniger combustion was chosen 
over other mineralization methods because it is the least time consuming. 
However, with this method, the liberated halogen will be present as iodate 
and iodine, which cannot be detected potentiometrically by the iodide 
electrode. Hence, a reduction step is necessary to convert the iodate and 
iodine to iodide. Metallic reductors that can be removed from the solution 
after the reduction step are indicated for this purpose; otherwise, re- 
ductors can damage the electrode surface (20). 


The performance of several iodate reductors was tested (Table I). 
Comparable yields were obtained with Raney nickel and Devarda alloy, 
but the latter was preferred because the dispersion on the results was 
smaller. The recovery with the aluminum wire was much lower. 


The quantitative liberation of organically bound iodine with Devarda 
alloy, but without combustion, was tested on ipodate sodium. Since the 
mean recovery was only 43.6'70, preliminary destruction was necessary. 


The iodine contents of the pharmaceutical compounds were deter- 
mined after Schoniger combustion (Table 11). The iodine recovery was 
at  least 95% except for one compound. The lower yield obtained for the 
iodomethamate sodium sample can be explained by its possible obso- 
lescence. Unfortunately, a new sample could not be obtained from the 
manufacturer. 


The precision of the method was 0.9%. These results were compared 
with those obtained with the method proposed by the British Pharma- 
ctrpoeia (21) for the determination of organically bound iodine in ipodate 
sodium. The method involves volumetric titration with sodium thiosul- 
fate after quantitative oxidation of iodine to iodate (Table 11). A com- 
parison of these values with those obtained with the developed method 
for ipodate sodium shows that the recovery was nearly the same. The 
potentiometric method precision was slightly better. The latter method 
is preferable for routine analysis because it is less cumbersome. 


. 


Journal of Pharmaceutical Sciences I 1417 
Vol. 68, No. 11, November 1979 







Table 111-Iodine Determination in Pharmaceutical  
Preparations 


Iodine Iodine Mean 
Active Calculated, Measured, Yield, 


ComDound 90 % % 


Iodochlorhydroxy- 
quin, 200 mg 


Iobenzamic acid, 
750 mg 


Ipodate calcium, 


Iodomethylhexa- 
3 g/8 g 


methylenetetra- 
mine, 250 mg/ml 


Iodazine, 5 mg/ml 
Meglumine 


amidotrizoate, 
650 mg/ml 


Meglumine 
iodipamide, 
300 mg/ml 


Ioglycamic acid, 
260 mg/ml 


Meglumine 
iothalamate, 
600 mg/ml 


Meglumine 
iocarmate, 
604 mdml  


Tablets 
41.5 3 i . o ~ ,  40.86, 


27.4“. 39.gb 
57.5 53.2“, 57.6*, 


Suspensions/Solutions 
54.0~, 58.76 


61.7 


45.0 


63 8 
47.1 


49.8 


67.5 


47.0 


46.4 


61.5,61.6 


44.9,44.9 


Ampuls 
61.1,59.9 
46.4,48.6 


50.7.50.3 


66.4,66.4 


47.4,48.5,47.4 


45.2,46.6,47.0 


70.3”, 97.2b 


93.2”, 101.2b 


99.8 


99.7 


94.8 
100.0 


101.5 


98.3 


101.5 


99.8 


0 The active compound was extracted with a suitable solvent from the ground 
sample. * Direct determination on the ground sample without the extraction 
step. 


The developed method also was applied to check the active compound 
content of pharmaceutical preparations. Tablets, suspensions, and so- 
lutions were analyzed. For tablets, the determination was performed on 
the ground tablet and for two preparations after extraction with a suitable 
solvent. Pyridine was used for iodochlorhydroxyquin, and dioxane was 
used for iobenzamic acid. A known volume of the obtained solution was 
then spotted on ashless paper. 


All recovery values obtained for the pharmaceutical preparations were 
between 94.8 and 101.5% (Table 111). For the tablets, however, the yield 


was better when the determination was performed directly on the ground 
tablet instead of on the extract, which shows that the extraction of the 
active compound was incomplete. 


The proposed method yields accurate and reproducible results for the 
determination of organically bound iodine in pharmaceutical compounds. 
It is useful for routine analysis and is sensitive enough to determine the 
active compound in unit doses. 
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Table I-Products from Photolytic and  Thermal Decomposition of Indapamide 


Photochemical Photochemical 
Decomposition Decomposition 


in Nz- in 02- Thermal Product 
Flushed Methanol Flushed Methanol Decomposition R/  Valuea 


Method of 
Structure Assignment* 


I1 
I11 


VI 
VII‘ 


~ 


I1 
111 


VI 
VII‘ 


VIIIe 
IX 
X 


XIe 


~ ~~~~ 


I1 0.1gc NMR, IR, UV, and mass spectra 
IIId 0.68 
IV 0.75 
Vd 0.26 UV and mass spectra 


VI 0.1gC NMR, IR, UV, and mass spectra 
0.35 Mass spectrumf 


0.45,0.44* Mass spectrumf 
0.12* 
0.65 
0.27* Mass sDectrumf 


Comparison of IR, UV, and mass spectra with those of a reference sample 
Comparison of IR, UV, and mass spectra with those of a reference sample 


Comparison of IR, UV, and mass spectra with those of a reference sample 
NMR, IR, UV, and mass spectra 


-~ ~ ~ ~ ~ 


0 The RI values refer to qualitative TLC plates developed in Solvent System 1, except for those marked with an asterisk, which refer to Solvent System 2. Unless otherwise 
stated, spectra were obtained for products isolated from each of the three decomposition systems. The product a t  Ri 0.19 was a mlxture of I1 and VI. Compound VI 
was sublimed out of the mixture and obtained as a white crystalline compound. Product only observed in those thermal decomposition samples maintained at 453OK 
for 12 hr. e Minor product as judged by quantity of material isolated from TLC plates as compared to  other products. Only sufficient material could be isolated for a 
mass spectrum to be recorded. 


Type A cleavage leads to 3-sulfamoyl-4-chlorobenzamide (I1 and 111). 
type B cleavage leads to 3-sulfamoyl-4-chlorobenzoic acid, and type C 
cleavage yields l-(N-formamido)-2-methylindoline (V) and l-amino- 
carboxymethyl-2-methylindoline (VI). Methyl-3-sulfamoyl-4-chloro- 
benzoate (VIII) presumably arises as a consequence of esterification of 
VII by the solvent, while IX arises as a consequence of indoline ring ox- 
idative cleavage in species such as 111 or 1. A t  present, the origin of IV is 
not clear. 


Thermal decomposition of I yields only 11-IV besides 2-methylindole 
(X) and N-(3-sulfamoyl-4-chlorobenzamido)-2-methylindole (XI). Thus, 
type A cleavage can occur from vibrationally excited levels of the ground 
(So) state, and I1 and 111 can arise by this mechanism in photolytic re- 
actions. Such species could be generated by internal conversion from the 
photolytically generated S1 state. Presumably, the appropriate SO levels 
for dehydrogenation are not accessible uia internal conversion. Type B 
and C cleavages only occur under photolysis and must, therefore, arise 
from the first excited states. Since such reactions are not inhibited by 
oxygen, which is known to quench triplet-state molecules (41, the S1 state 
is implicated. 


Thus, the study has demonstrated the complexity of photolysis of a 
simple pharmaceutical and has shown the wide range of compounds to 
be screened in photosensitization tests of such molecules. 
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Abstract 0 A chemical method for the determination of glycerol was 
developed and compared to an enzymatic assay for sensitivity and re- 
producibility. The chemical assay is based on glycerol oxidation to 
formaldehyde and subsequent reaction with chromotropic acid to yield 
a colored product. With this method, as little as 5 pg of glycerol/ml can 
be detected. The enzymatic assay is based on enzymatic glycerol phos- 
phorylation followed by glycerol phosphate dehydrogenation by nadide 
(nicotinamide adenine dinucleotide). The reduced nadide is used to re- 
duce iodonitrotetrazolium violet to its colored formazan product. The 
enzymatic method can be used to determine 50 pg of glycerol/ml in 
aqueous samples. 


Keyphrases Glycerol-analysis, spectrophotometry, comparison with 
enzymatic methbd 0 Spectrophotometry-analysis, glycerol, comparison 
with enzymatic method 


Glycerol is widely used in pharmaceuticals as a vehicle, 
sweetening agent, emollient, and humectant. Various 
analysis methods for glycerol have been reported (1-51, but 
they are usually nonspecific and are limited to a narrow 


concentration range that gives linear results. Enzymatic 
methods (2,4,5) for glycerol and glycerol-releasing com- 
pounds (ie., triglycerides) have been used widely but are 
usually expensive and require rigid temperature control 
and timing of reagent addition to obtain reproducible re- 
sults. 


Chemical methods (1,3) usually utilize glycerol oxida- 
tion to formaldehyde and subsequent reaction with a 
chromogenic reagent. These methods generally have been 
shown to produce linear results over a very limited con- 
centration range. The present investigations were under- 
taken to develop a chemical analysis for glycerol with im- 
proved reaction conditions and to compare this method 
with a standard enzymatic assay. 


EXPERIMENTAL 


Instrumentation-All absorbance measurements were taken on a 
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Table I-Effect of Sulfuric Acid Volume on Absorbance (300 pg 
of Glycerol/ml, 0.5 ml of 10% Chromotropic Acid) 


Sulfuric Acid, ml Absorbance (570 nm) 


0 
1 
2 


0.00 
0.37 
0.50 


4 0.52 
5 0.54 
7 0.52 


double-beam spectrophotometer' using 1-cm quartz cells. 
Reagents-All inorganic reagents were analytical reagent grade, were 


used without further purification, and were prepared in distilled deion- 
ized water. These reagents included sodium metaperiodate, sulfuric acid, 
sodium sulfite, and hydrochloric acid2. Glycerol2 was obtained as the 
analytical reagent and was used without further purification. 


Sodium 1,8-dihydroxynaphthalene-3,6-disulfonate3 (chromotropic 
acid) was recrystallized several times from water-isopropyl alcohol by 
dissolution in hot water and then slow addition of an equivalent volume 
of alcohol until precipitation. The crystals were collected and dried 
overnight in a vacuum oven. 


M) and nadide (nicotinamide adenine din~cleotide)~ 
(1.56 x 10-2M) were obtained as a mixture and reconstituted with dis- 
tilled water just prior to use. Iodonitrotetrazolium violet4 and N -  
methylphenazonium methosulfate4 were supplied in solution as analytical 
reagents. Glycerol kinase4 (1780 units) and glycerol phosphate dehy- 
drogenase4 (150,OOO units) were supplied in solution and mixed with the 
ATP-nadide solution immediately prior to use. 


Procedures-Chemical Assay-The standard, 2.0 ml, or appro- 
priately prepared sample containing 0-1000 pg of glycerol/ml was pi- 
petted into a 16 x 100-mm test tube. One milliliter of 1% NaI04 was 
added and mixed thoroughly, and the mixture was allowed to stand a t  
room temperature for -15 min. Then 1 ml of 5% Na2S03 was added and 
mixed, and the mixture was allowed to stand for 5 min. 


One milliliter of this solution was pipetted into a 100-ml volumetric 
flask, and 0.50 ml of a 10% chromotropic acid solution was added. Then 
5.0 ml of concentrated &So4 was added slowly, and the solution was 
heated a t  100' in a water bath for 30 min. After heating for 30 min, air 
was bubbled through the solution for -20 min. Distilled water was added 
to raise the volume to 90%. The solution was allowed to cool to room 
temperature and raised to volume with distilled water. The solution 
absorbance was measured a t  570 nm. 


Enzymatic Assay-Fifty microliters of the standard or appropriately 
prepared sample was pipetted into a 16 X 100-mm test tube. Glycerol 
kinase-glycerol phosphate dehydrogenase, 0.5 ml, was added, and the 
solution was placed in a 37' water bath. Exactly 10 min after the addition 
of the enzyme mixture, the test tube was removed from the water bath, 
0.5 ml of 0.03% iodonitrotetrazolium violet and 0.005% N-methylphe- 
nazonium methosulfate was added, the test tube was returned immedi- 
ately to the water bath. 


Exactly 10 min after the last addition, the test tube was removed from 
the water bath, and 2.0 ml of 0.1 N HCl was added and mixed. Then the 
test tube was allowed to stand for 5 min. Within 30 min, the solution 
absorbance was measured a t  505 nm. 


Special care must be taken to ensure exact time intervals and proper 
temperature controls. 


ATP (8.9 X 


RESULTS AND DISCUSSION 


After glycerol oxidation to formaldehyde by sodium periodate, the 
formaldehyde reacts with chromotropic acid in the presence of excess 
acid to yield a colored product (6). This reaction produces a product that 
follows Beer's law in the range of 5-1000 pg of glycerol/ml. Several in- 
vestigators (7-9) have dealt with the optimization of the formaldehyde 
reaction with chromotropic acid. The critical factors found in the 
chemical assay procedure reported in this paper are: ( a )  the sulfuric acid 
concentration in the reaction mixture, ( b )  the chromotropic acid to 
glycerol concentration ratio, and (c) the time of heating a t  100'. 


Table I contains the results of varying the sulfuric acid concentration 
during the reaction with a sample originally containing 300 pg of glyc- 
erol/ml and after addition of the 0.50 ml of 10% chromotropic acid. The 


Beckman model 25. 
Mallinckrcdt, St. Louis, Mo. 
Eastman Kodak Co., Rochester, N.Y. 
Hycel Inc., Houston, Tex. 


Table 11-Effect of Chromotropic Acid Concentration (5 ml of 
Sulfuric Acid, 500 ue of Glscerol/mll  


10% Chromotrooic Acid. ml Absorbance (570 nm) 


0 
0.1 
0.2 
0.5 
1.0 
2.0 


0.00 
0.67 
0.81 
0.84 
0.83 
0.86 


Table  111-Effect of Heating Time at 100" (5  ml of Sulfuric Acid, 
300 pg of GlyceroVml) 


Minutes Absorbance 


0 
5 


10 
15 
30 
45 


0.288 
0.478 
0.522 
0.520 
0.543 
0.532 


Table  IV-Day-to-Day Reproducibility of the Chemical and 
Enzymatic Assays Using 300-pg of Glycerol/ml Samples 


Absorbance 
Day Chemical Assav Enzvmatic Assav 


1 
2 
3 
4 
5 
Mean 
SD cv, 90 


0.525,0.526 
0.527,0.526 
0.523.0.623 
0.532: 0.525 
0.526; 0.526 
0.526 
0.0025 
0.48 


0.271,0.23 
0.230,0.250 
0.249,O.ZlO 
0.230,0.235 
0.260,0.230 
0.235 
0.025 
7.46 


results indicate that 5.0 ml of sulfuric acid is an appropriate volume. 
Table I1 indicates that a chromotropic acid-glycerol ratio by weight of 
a t  least 50:l should be used. These data were generated for 500-pg of 
glycerol/ml samples and 5.0 ml of sulfuric acid. From Table 111, it can be 
seen that the reaction mixture using 300-pg of glycerol/ml samples, 0.5 
ml of chromotropic acid, and 5.0 ml of sulfuric acid should be heated 
approximately 30 min. The color developed in this manner is stable for 
a t  least 48 hr. Other references for the reaction of formaldehyde with 
chromotropic acid (7,101 have reported very limited concentration ranges 
over which the reaction will yield linear results. The sodium chromo- 
tropate recrystallization is essential to obtain reproducible results and 
greatly extends the linearity range. 


Thus, glycerol in concentrations as low as 5 pg and as high as loo0 
pg/ml was determined. The chemical method yields a linear relationship 
between the glycerol concentration and absorbance, with a correlation 
coefficient of 0.997. The results from two determinations per day for 5 
days of 300-pg of glycerol/ml samples are listed in Table IV and give a 
standard deviation of 1.4 pg/ml and a coefficient of variance of 0.48%. 


In the enzyme assay, following glycerol phosphorylation and glycerol 
phosphate dehydrogenation by nadide, the reduced nadide reduces io- 
donitrotetrawlium violet to a colored product (11). This procedure yields 
a product that  follows Beer's law from SO to 600 pg of glycerollml. Of 
critical importance in enzyme assays is the maintenance of temperature 
a t  37O during the reaction and the time intervals a t  which reagents are 
added. The time intervals and temperature were already optimized for 
triglyceride testing (12) and were not investigated further. 


In this method, as low as 50 pg and as high as 600 pg of glycerol/ml were 
determined. The enzymatic methods yields a linear relationship between 
the concentration of glycerol and ahsorbance, with a correlation coeffi- 
cient of 0.975. As can be seen in Table IV, 10 determinations (two per day 
for 5 days) of 300-pg of glycerol/ml samples yielded a standard deviation 
of 22.4 pglml and a coefficient of variance of 7.5%. 


Both the chemical and enzymatic assays are linear over the regions 
analyzed, with the working curve slopes being statistically different. The 
average response factor over the region analyzed in the chemical assay 
was 1.73 f 0.095 X absorbance unit/pg of glycerol/ml, with a coef- 
ficient of variance of 5.5%. The average response factor for the enzymatic 
assay was 8.3 f 1.5 X absorbance unit/pg of glycerollml, with a 
coefficient of variance of 18.2%. The chemical assay method is more 
sensitive due to a greater response per unit change in concentration and 
shows a wider linear concentration range than the enzymatic assay. 
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l'he reproducihility o l the  chemical assay (on a day to day basis ) is 
superior to the enzyme assay, as seen by comparing the standard devia- 
tions and coefficients of variance lrom the data obtained from five con- 
secutive test periods. The need for rigid controls of temperature and 
timing and the low reproducihility of the enzyme assay dictate that a 
standard working curve be generated each time numernus samples are 
run. The chemical assay offers a significant improvement in reproduc- 
ibility and requires only an initial standard curve. The chemical assay 
descrihed in this paper offers an easy, inexpensive, and reproducible 
method of determining glycerol in aqueous samples. 
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Abstract 0 The intrinsic clearance of an organ is usually approximated 
I)? the apparent clearance from that organ in the development of a 
physiologically based pharmacokinetic model. In this study, the exact 
relationship between the two clearances was derived and analyzed. When 
the extraction ratio of the drug was small (<0.05), the approximation was 
reasonable. However, when the extraction ratio was high (>0.2), serious 
errors could be made by using the approximation. These errors could be 
as much as 50% reduction in the estimated extraction ratio and as much 
as an order-of-magnitude difference in the intrinsic clearance. 


Keyphrases 0 Pharmacokinetics--drug clearance through an organ, 
estimation 0 Drug clearance-estimation of clearance through an organ, 
pharmacokinetics Antineoplastic agents-estimation of clearance 
through an organ, pharmacokinetics 


In a typical linear physiologically based pharmacokinetic 
model ( l ) ,  the drug concentration in an organ such as the 
kidney is governed by the differential equation: 


v - = Q  dC C -- - K -  C 
dt i p s )  R (Eq. 1) 


where (I and C, are the drug concentrations in the organ 
and plasma (or blood), respectively; V is the physiological 
volume of the organ; Q is the plasma (or blood) flow rate 
through the organ; R is the equilibrium partition coeffi- 
cient for drug distribution between the organ tissue and 
its venous plasma, and the constant K is a clearance term 
for drug elimination from the organ. 


The development of a physiological model for predicting 
drug concentration-time histories requires the estimation 
of V, Q, R, and K .  The parameters V and Q are the physi- 
ological volumes and blood flow rates through the organs 
for the subject to be simulated; R can be estimated from 
animal experiments and calculated according to a recently 
developed method (2). The clearance K is usually assumed 
to be equal to KRPP, the apparent drug clearance from the 
organ. For example, if the organ is the kidney, K is usually 


calculated from: 


K = K a p p  = total urinary excretion/ J m  C ,  d t  (Eq. 2 )  


Several questions can be posed regarding K and its 
significance. What is its physical meaning? Is it equal to 
the apparent drug clearance from the organ? Can it be 
greater than Q, the plasma flow rate through the organ? 
How can K be estimated from experimental data? These 
questions will be discussed in the present paper. 


THEORETICAL 


Without loss of generality, the typical organ to  be studied will he the 
kidney. The total cumulative urinary excretion, U ,  is then given as: 


or: 


u = J' C dt  


(Eq. 3) 


(Eq. 4) 


where T is the urine collection time interval. Chen and Gross (2) showed 
recently that the drug concentration in the organ is related to the plasma 
drug level by: 


QRCp 
Q + K - B V R  


C =  (Eq. 5) 


during the terminal elimination phase after intravenous bolus injection 
and that: 


a t  steady state after a constant-rate infusion. The  parameter @ is the 
apparent elimination rate constant for the  terminal phase after intra- 
venous injection. Therefore, Eq. 4 may be approximated as: 


(Eq. 7)  


for all modes of drug administration if K + Q >> @VH and if the tissue 
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Abstract o Batches of sodium, potassium, and ammonium chloride 
tablets containing no excipients and spray-dried lactose tablets con- 
taining 0.5% magnesium stearate were stored a t  20 and 76% relative hu- 
midity. Electrical resistance and hardness measurements were made 
within 1 hr after compression and a t  intervals during a 45-day period. 
Hardness values of sodium, potassium, and ammonium chloride tablets 
stored at  20% relative humidity increased from 70 to 200% at 45 days, 
while conductances decreased 10-fold. Tablets stored a t  76% relative 
humidity showed no increases or slight decreases in hardness with slight 
increases in conductance. 1,actose tablets decreased slightly in hardness 
with corresponding increases in conductance. 


Keyphrases 0 Conductivity, electrical-effect of aging and humidity, 
various compressed Lablets 0 Hardness-effect of aging and humidity, 
various compressed tablets 0 Tablets, compressed-effect of aging and 
humidity on electrical conductivity and hardness 


The effect of aging on the physical characteristics of 
tablets has been discussed by several investigators. In- 
creased hardness was reported in hydrochlorothiazide 
tablets formulated with acacia (1). Dibasic calcium phos- 
phate dihydrate tablets displayed no significant changes 
in hardness over a 4-month period but showed significant 
increases in disintegration and dissolution times when 
stored a t  25” and 50% relative humidity (RH) (2). 


The crushing strength of sodium chloride compacts 
prepared from dried samples doubled 1 hr after compac- 
tion (3). No significant changes in crushing strength were 
observed when compacts were stored for longer periods at 


low humidities. This phenomenon was attributed to 
time-dependent relaxations, resulting in stress release 
within the compacts which increased interparticulate 
contact and bonding. Compacts with higher moisture 
content possessed low tensile strength compared to those 
with lower moisture content, which was attributed to 
weakening of interparticulate bonding by trace moisture 
(3). 


Significant increases in hardness were observed in so- 
dium chloride tablets stored for several days (4). These 
changes correlated with changes in electrical conductances 
calculated from measured dissipation factors. 


The electrical conductance of a compact is determined 
in part by the number of interparticulate contact points 
and the effective internal surface area resulting from mi- 
croscopic cracks and imperfections (5). Hardness changes 
in compacts should be associated with conductance 
changes that reflect changes in the contact area and in- 
ternal surface. Increases in compact strength should be 
correlated with decreases in electrical conductance, mea- 
sured under conditions in which there is no substantial 
increase in compact moisture content. 


This study was designed to verify the expected rela- 
tionship between conductance and hardness changes in 
compacts and to establish the role of moisture in affecting 
these changes in compacts of directly compressible 
salts. 
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Table I-Conductance and Hardness (&SD) of Aged Sodium Chloride Compacts 


20% RH 76% RH 
Apparent" Apparent 


Storage Specific WIT Specific WIT 
Period, Conductance, Ratio, Hardness, Conductance, Ratio, Hardness, 
days ohms-' cm-' X lo9 glcm kg ohms-' cm-I X lo9 g/cm kg 


~ 


Initial 1.238 (0.098) 2.566 (0.008) 2.54 (0.91) 1.260 (0.0.98) 2.586 (0.024) 2.65 (0.01) 
3.20 (0.08) 2 0.818 (0.067) 2.544 (0.007) 3.44 (0.04) 1.159 (0.088) 2.589 (0.036) 


7 0.141 (0.041) 2.541 (0.011) 5.01 (0.11) 0.862 (0.067) 2.597 (0.049) 3.36 (0.06) 
15 0.073 (0.008) 2.544 (0.009) 6.22 (0.09) 1.144 (0.046) 2.588 (0.006) 3.25 (0.01) 
30 0.055 (0.003) 2.571 (0.062) 6.36 (0.05) 1.144 (0.056) 2.589 (0.008) 2.91 (0.04) 
45 0.049 (0.006) 2.600 (0.011) 6.42 (0.04) 1.190 (0.049) 2.595 (0.032) 2.66 (0.09) 


~~ ~ 


0 Average of five observations. Weight to thickness. 


Table 11-Conductance and Hardness (&SD) of Aged Potassium Chloride Compacts 


20% RH 76% RH 
Apparent Apparent 


Storage Specific WITb Specific WIT 
Period, Conductance, Ratio, Hardness, Conductance, Ratio, Hardness, 


days ohms-' cm-I X lo9 glcm kg ohms-' cm-I X lo9 g/cm kg 
2.332 (0.008) 3.50 (0.06) 


2 0.081 (0.021) 2.342 (0.005) 4.32 (0.04) 0.186 (0.018) 2.338 (0.008) 3.54 (0.02) 
7 0.042 (0.008) 2.351 (0.008) 4.95 (0.06) 0.172 (0.034) 2.344 (0.006) 3.63 (0.05) 


0.194 (0.038) 2.333 (0.005) 3.52 (0.02) 15 0.028 (0.008) 2.334 (0.005) 6.12 (0.03) 
30 0.017 (0.004) 2.337 (0.008) 7.61 (0.04) 0.225 (0.031) 2.346 (0.010) 3.37 (0.01) 
45 - 2.333 (0.006) 8.59 (0.03) 0.230 (0.072) 2.254 (0.028) 3.13 (0.02) 


Initial 0.219 (0.034) 2.338 (0.006) 3.52 (0.02) 0.207 (0.028) 


Average of five observations. b Weight to thickness. 


Table 111-Conductance and Hardness (iSD) of Aged Ammonium Chloride Compacts 


20% RH 76% RH 
Apparent a Apparent 


Storage Specific WITb Specific W i T  
Period, Conductance, Ratio, Hardness, Conductance, Ratio, Hardness, 
days ohms-' cm-I X lo9 glcm kg ohms-' cm-l X 109 g/cm kg 


Initial 3.090 (0.120) 1.896 (0.012) 3.40 (0.05) 3.280 (0.083) 1.895 (0.009) 3.37 (0.03) 
2 0.513 (0.063) 1.899 (0.018) 3.59 (0.05) 3.710 (0.112) 1.889 (0.006) 3.40 (0.04) 
7 0.220 (0.041) 1.898 (0.021) 4.20 (0.07) 2.560 (0.086) 1.897 (0.012) 3.48 (0.03) 


15 0.124 (0.033) 1.876 (0.008) 4.86 (0.03) 3.641 (0.041) 1.878 (0.008) 3.33 (0.01) 
30 0.081 (0.018) 1.876 (0.006) 5.44 (0.03) 3.855 (0.132) 1.876 (0.006) 3.45 (0.03) 
45 0.064 (0.008) 1.902 (0.011) 5.53 (0.04) 3.758 (0.098) 1.875 (0.010) 3.28 (0.02) 


0 Average of five observations. Weight to thickness. 


EXPERIMENTAL 
Materials-Since different lots of the same material show variations 


in electrical properties (61, single lots of USP grade sodium chloride, 
potassium chloride, ammonium chloride', and spray-dried lactose2 were 
studied. Saturated solutions of sodium acetate (analytical reagent) and 
potassium acetate (analytical reagent) were used to maintain -20 and 
76% RH in 5-liter desiccators. The chloride salts were screened to isolate 
the 40-50-mesh fractions, which were dried at  65O for 24 hr before com- 
paction. 


Preparation and Treatment of Compacts-Batches of compacts 
were prepared from the 40-50-mesh fraction of unlubricated sodium, 
potassium, and ammonium chlorides and spray-dried lactose blended 
with 0.5% magnesium stearate. The latter was included as an example 
of a formulation that showed no significant hardness changes on aging. 
Tablets were compressed manually, using a 1.27-cm diameter punch and 
die assembly, on a single-punch tablet press3. 


Compacts of suitable weight, thickness, and hardness were produced 
and stored in the 20 and 76% humidity chambers. Resistance and hard- 
ness values were determined within 1 hr of compression and after 2,7, 
15.30, and 45 days of storage. The 20 and 76% RH conditions were se- 
lected to observe the effect of drying and atmospheric moisture on 
compact conductance and hardness. 


In some experiments, sodium chloride compacts were stored at 76% 
RH for 10 days and then transferred to 2090 RH. Resistance and hardness 


1 Fisher Scientific Co., Springfield, N.J. 
2 Foremost-MeKesson, Ap leton, Wis. 
3 Manesty model E2. Key idustries, Farmingdale, N.J. 


values were measured a t  the time of transfer and after up to 45 days of 
storage at  20% RH. 


A small batch of sodium chloride compacts was prepared using the 
1.27-cm punch and die assembly on a hydraulic press4 at  1800-, 2700-, 
and 3600-kg gauge pressures. Pressure was applied for a t  least 15 sec. 
Compacts were stored at 20% RH until subject to resistance and hardness 
measurements. 


Conductance Measurements-The complete system for measure- 
ment of the electrical resistance of compacts was described previously 
(7). Cornpacts were placed on a grounded steel plate attached to the lower 
stage of the hydraulic press. A 2.5-cm diameter shielded tablet punch, 
which was fixed to the upper stage of the press through an insulating 
acrylic5 block, served as the active electrode. A shielded cable connected 
the punch to an electrometere. The lower stage of the press was raised 
until the tablet contacted the punch face. 


A minimal pressure (<50 kg) was applied to minimize contact resis- 
tance. Stable resistance values were attained within 1 min and recorded. 
The thickness and weight of each compact were measured before testing 
for hardness. Specific conductances were calculated from the measured 
resistance and dimensions. This procedure was repeated on five different 
compacts to obtain each experimental point. 


Hardness Measurements-A 1.27-cm diameter standard concave 
punch was fastened to the platform of a motorized linear drive's0 that 
it was exactly centered beneath an indentation probe. The latter consisted 


' Model C, Fred S. Carver, Menomonee Falls, Wis. 
Lucite. 
Model 61W, Keithley Instruments, Cleveland, Ohio. 
Model LTCM. John Chatillon and Sons, New York, N.Y. 
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Table 1V-Conductance and Hardness ( 4 S D )  of Aged 40-50- 
Mesh Sodium Chloride Compacts Stored under  76% RH for 7 
Days and then Transferred to 20% RH 


Apparent 
Storage Specific Wl'l'h 
Period, Conductance, Ratio, Hardness, 


days nhms-' cm-l X lo9 glcm kg 


Initial' 0.800 (0.041) 2.589 (0.007) 3.24 (0.02) 
2 0.477 (0.028) 2.570 (0.009) 3.59 (0.01) 
7 0.165 (0.013) 2.5.58 (0.010) 4.46 ( 0 . 0 2 )  


15 0.076 (0.008) 2.556 (0.009) 6.14 (0.02) 
30 0.057 (0.008) 2.560 (0.007) 6.36 (0.01) 
4 5 0.052 (0.004) 2.553 (0.006) 6.45 (0.01) 


Average of five observations. Wright to thickness. Represents 7 days of 
storage at 76% R H .  


of an 0.4-cm diameter stainless steel ball hearing fixed to a threaded shaft, 
which was fastened to a 22.7-kg (5O-lh) load cellH. The output of the load 
cell was amplifiedg and recorded"'. The motorized drive was operated 
at a platform speed of 0.5 cm/min. 


Compacts were placed on edge on the punch face, and the identation 
prohe was driven diametrically into the compact, which split into two 
equal halves. Figure 1 shows a plot of measured force on the tablet as a 
function of time. Point A represents the onset of stress; point B represents 
the maximum stress the compact experienced prior to splitting, shown 
by line HC, which represents the sudden release in stress. In Fig. 1, AC 
represents the degree of indentation required to split the tahlet. Hardness 
values were expressed in terms of the maximum force in kilograms re- 
quired to split the compact. 


RESULTS AND DISCUSSION 


Tables 1-111 summarize observed conductance and hardness values 
of sodium, potassium, and ammonium chloride compacts stored at  20 and 
76% RH for 45 days. Figure 2 shows relative changes in hardness com- 
pared to initial values as a function of time. Sodium and potassium 
chloride compacts stored a t  2070 RH exhibited marked increases in 
hardness along with significant decreases in specific conductance. Con- 
stant hardness and conductance values were observed after 15 days with 


U 
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B 
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Figure I -7:vpical force-time plot observed in indentation testing of 
tahlet hardness (see text ). 


rJ Models l:Cl and UL.4-SO, Statham Instruments, Los Angeles, Calif 
Model liR3, Statham Instruments, I,os Angeles, Calif. 


' I )  Model 680 recorder. Hewlett-Packard, Palo Alto, Calif. 
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Figure 2-Relativc hardncJ,5s changes observed in sodium (0). potas- 
sium (o) ,  and ammonium chloride (A) compacts stored at 20% RH.  


sodium chloride and after 45 days with ammonium chloride. However, 
potassium chloride compacts continued to increase in hardness after 45 
days. Measurements were made on compacts of equal density, as indi- 
cated by the constancy of the weight to thickness ratio. 


No significant changes in hardness or conductance were observed in 
compacts stored at  76% RH, except for sodium chloride where hardness 
increased and conductance decreased slightly in the first 7 days of storage. 
Table IV summarizes observations made on sodium chloride compacts 
stored a t  76% RH for 7 days before transfer to 20% RH. The same degree 
of conductance and hardness changes was observed as for compacts stored 
a t  20% RH initially. 


Table V summarizes conductance and hardness values for sodium 
chloride compacts prepared on the hydraulic press and stored at  20% RH. 
While the initial values varied as expected with the pressure used to form 
the compacts, essentially the same conductance and hardness values were 
observed after 30 days of storage. These data suggest that maximum 
bonding was attained in all three batches of sodium chloride compacts 
a t  the same time. 


The observed significant increases in hardness of sodium, potassium, 
and ammonium chloride compacts when stored under low humidity is 
evidence of strong interparticulate bond formation during storage. Rees 
and Shotton ( 3 )  reported a doubling of the strength of sodium chloride 
compacts prepared from sodium chloride dried a t  110" within 1 hr after 
compression with negligible changes after 140 hr. They also reported that 
exposure of salt compacts to 76% HH prevented the hardness increase. 
I t  was not possible to prepare satisfactory compacts from completely 
dried salts in the pressure ranges available on the single-punch press. The 
traces of moisture present in the materials used in this study contributed 
to the delayed hardening in contrast to Rees and Shotton's data, which 
may also reflect increased crystal defects owing to the higher tempera- 
tures required to dry the salt completely. 


Not all of the potential bond strength developed immediately a t  the 
time of compression. Some of the bonded areas formed during com- 
pression might have broken during tahlet elastic recovery when pressure 
was released. Sufficient bonding remained to permit the compacts to 
maintain their shape while new, stronger interparticulate bonding de- 
veloped. 


The data suggest that the principal mechanism of hardening occurs 
because of a IOSS of moisture traces at low humidities. This conclusion 
is supported by the ohservations summarized in Table IV since compacts 
stored a t  76% HH increased in hardness when transferred to a signifi- 
cantly lower humidity. The amount of moisture involved did not signif- 
icantly contribute to compact weight. 


Rees and Shotton (3) also observed that sodium chloride compacts with 
a high moisture content had lower tensile strengths than those with a low 
moisture content. At high humidities, loss of moisture, which results in 
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Table V-Conductance and Hardness (&SD) of Aged Sodium Chloride Compacts Produced at Different Compaction Pressures and 
Stored at 20% RH 


1800 kg 2700 kg 3600 kg 
Apparent Apparent Apparent a 


Storage Specific W/Tb Specific W/T Specific W/T 
Period, Conductance. Ratio, Hardness, Conductance, Ratio, Hardness, Conductance. Ratio, Hardness, 


days ohms-’ cm-’ X 109 g/cm 


Initial 0.998 2.470 3.17 0.856 2.488 3.32 0.836 2.481 3.46 
(0.005) (0.11) (0.053) (0.008) (0.00s) (0.021) (0.009) (0.03) (0.069) 


2 0.560 2.469 4.28 0.343 2.468 4.39 0.307 2.465 4.46 
(0.013) (0.02) 10.030) (0.007) (0.11) (0.069) (0.006) (0.10) (0.028) 


7 0.095 2.466 5.35 0.076 2.477 5.60 0.073 2.471 5.64 
(0.009) (0.09) (0.023) (0.002) (0.09) (0.080) (0.011) (0.06) (0.02 1) 


15 0.063 2.476 6.52 0.060 2.473 6.32 0.056 2.478 6.66 
(0.008) (0.005) (0.09) (0.031) (0.007) (0.09) (0.003) (0.008) (0.04) 


30 0.054 2.472 6.70 0.052 2.486 6.68 0.052 2.472 6.73 
(0.021) (0.004) (0.10) (0.004) (0.008) (0.06) (0.008) (0.006) (0.02) 


45 0.053 2.473 6.72 0.052 2.474 6.76 0.051 2.473 6.78 
(0.01 1) (0.005) (0.10) (0.003) (0.011) (0.04) (0.003) (0.011) (0.04) 


kg ohms-’ cm-* X lo9 g/cm kg ohms-’ cm-’ X 109 g/cm kg 


a Average of five observations. Weight to thickness. 


Table VI-Conductance and Hardness (&SD) of Aged Spray- 
Dried Lactose Compacts Containing 0.5 % Magnesium Stearate 
and Stored under 20% RH 


Apparent” 
Storage Specific W f P  
Period, Conductance, Ratio, Hardness, 


days ohms-’ cm-’ X lo9 g/cm kg 
~ ~ ~ ~ _ _ _ _  


Initial 0.630 (0.018) 1.668 (0.005) 2.99 (0.12) 
2 0.610 (0.022) 1.697 (0.009) 2.95 (0.13) 
7 0.641 (0.028) 1.674 (0.006) 2.88 (0.11) 


15 0.682 (0.031) 1.673 (0.008) 2.53 (0.18) 
30 0.736 (0.042) 1.664 (0.011) 2.46 (0.11) 
45 0.781 (0.038) 1.674 (0.016) 2.41 (0.13) 


a Average of five observations. Weight to thickness. 


the deposition of salt around existing contact regions, is inhibited. The 
differences observed between the different chloride salts is related to the 
different tendencies of the salts to pick up moisture a t  76% RH, which 
is the critical deliquescence point for sodium chloride. Potassium and 
ammonium chlorides are more deliquescent a t  this humidity. 


Compacts prepared from spray-dried lactose containing lubricant 
showed a slight decrease in hardness with an increase in conductance at  
20% RH (Table VI). Previous investigators (8) suggested that consoli- 
dation in lactose occurs mainly by brittle fracture, in contrast to plastic 
deformation in sodium chloride. Compacts stored at  reduced humidity 
lose traces of moisture; a t  a reduced moisture content, magnesium stea- 
rate decreases hardness. 


The data in this study support the expected relationship between 
conductance and hardness changes. In all cases, increased hardness was 


accompanied by more than 10-fold decreases in conductance. Conduc- 
tance values were stable if hardness was stable. These effects were most 
pronounced in ionic materials whose electrical resistance was directly 
measurable. Compacted spray-dried lactose represented the upper limit 
of resistance measurement with the equipment employed. 
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Abstract A number of nuclear hydroxy styryl ketones and related 
compounds were prepared and evaluated for antineoplastic and anti- 
microbial activities as well as for analgesic, anti-inflammatory, and an- 
tianaphylactic properties. The second-order rate constants for the re- 
action of several esters with hydroxide ion in aqueous dioxane (50% v / ~ )  
at 36.9' were determined. The screening results showed that activity 
against P-388 lymphocytic leukemia was found solely with the ethers and 
that antimicrobial properties were obtained virtually exclusively with 
the phenolic derivatives. All compounds showed analgesic'properties, 
except for four that were algesic. While little anti-inflammatory activity 
was found, several compounds showed some antianaphylaxis. 


Keyphrases 0 Nuclear hydroxy styryl ketones-syntheses, antineo- 
plastic activity, antimicrobial activity, analgesic activity, anti-inflam- 
matory activity, antianaphylactic activity, structure-activity relation- 
ships Antineoplastic agents, potential-nuclear hydroxy styryl ketones, 
syntheses, structure-activity relationships 0 Structure-activity rela- 
tionships-nuclear hydroxy styryl ketones, antineoplastic activity, an- 
timicrobial activity, analgesic activity, anti-inflammatory activity, an- 
tianaphylactic activity 


A number of a,p-unsaturated ketones have antineo- 
plastic and cytotoxic properties (1,2). In particular, some 
nuclear hydroxy chalcones displayed activity against the 
Ehrlich ascites sarcoma in mice (3), while compounds with 
hydroxy groups in close proximity to the carbonylene 
function demonstrated activity against several neoplasms 
(4-8). Therefore, the preparation of certain nuclear hy- 
droxy styryl ketones (la, Ic, Ie, and IIa) was suggested. 


Since the hydroxy groups of phenols are susceptible to 
metabolic inactivation in uiuo (9), the concept of laten- 
tiation (10) was applied in two ways. First, masking the 
hydroxy group by etherification would be expected to 
produce compounds (Ib, Id, If, IIb, IIIa, and IIIb) stable 
in alkali but capable of regeneration to phenols under 
acidic conditions (11). Since the claim has been made that 
the interstitial fluid pH of certain tumors is lower than the 
plasma of blood afferent to the tumor (12), selective re- 
generation of the precursor phenols in tumorous tissue 
might be possible. Second, the formation of benzoate esters 
(V and VI) of the phenols, which would be hydrolyzed in 
oioo to the phenol, might clarify the relationship between 
the hydrolysis rate and antineoplastic activity. In addition, 
since there appears to be a precarious balance between li- 
pophilicity and hydrophilicity in relation to anticancer 
activity (13), formation of some water soluble Mannich 
bases (VIII) from nuclear hydroxy styryl ketones was 
contemplated. 


To pursue the evaluation of styryl ketones and related 
Mannich bases for pharmacological (14,15) and antimi- 
crobial (16, 17) activities, the proposed compounds were 
tested in these screens. Since fungal diseases constitute a 
widespread problem with cancer patients (18), the emer- 
gence of an antifungal antineoplastic drug would be wel- 
come. 


DISCUSSION 


Syntheses-The hydroxy and alkyloxymethoxy compounds I and I1 
were prepared by reacting the appropriate hydroxybenzaldehyde with 
an alkyloxymethyl chloride followed by condensation with hexyl methyl 
ketone to give Ib, Id, I f ,  and IIb, which were hydrolyzed with formic acid 
to give nuclear hydroxy styryl ketones Ia, Ic, Ie, and IIa. While the me- 
thoxy derivatives IIIa and IIIb were prepared by direct condensation of 
the dimethoxybenzaldehydes with hexyl methyl ketone, this conventional 
Claisen-Schmidt condition yielded only tars when nitrobenzaldehydes 
were employed in the attempted preparation of IIIc and IIId; similar 
problems were encountered in attempting the condensation of y-butyr- 
olactones with nitrobenzaldehydes (19). The failure of these reactions 
may be due to the high electrophilicity of the carbonyl carbon atom in 
nitrobenzaldehydes, which may lead to multiple side reactions, including 
formation of the corresponding phenols (20,21). 


In the present study, the Knoevenagel reaction was employed to give 
IIIc and IIId in yields of 52 and 30%, respectively. To increase the IIId 
yield, the heating time under reflux was increased from 4 to 36 hr, but 
the only product isolated was the bis-substituted compound IX in low 
yield. Attempted condensation of pentafluorobenzaldehyde with hexyl 
methyl ketone under Claisen-Schmidt conditions gave unreacted com- 
ponents plus resinous products; difficulties were encountered previously 
with pentafluorobenzaldehyde in the presence of aqueous alkali and other 
bases (22). Recourse to the methodology employed in the preparation 
of IIId afforded IV as well as piperidinyl tetrafluorobenzaldehyde. 


The phenols Ia end Ie were acylated in the presence of pyridine to give 
the corresponding esters V-VII in yields of 5945%. The Mannich bases 
VIII6 and VIIIc were obtained from the precursor ketones Id and I f  in 
crystalline form, while VIIIa could not be induced to crystallize. 


Hydrolyses-The alkaline hydrolysis rate of esters V-VII was mea- 
sured in an attempt t~ seek a correlation between the lability of the esters 
with antineoplastic activity. The second-order rate constants for reaction 
of the esters V and VI with hydroxide ion in aqueous dioxane (50% v/v) 
at 36.9' are given in Table I; as expected, the sulfonate VII as well as the 
ethers 16, Id, and I f  were refractory to hydrolysis under the conditions 
employed. To  ensure that no Michael addition reaction occurred, IIId 
was subjected to the same experimental procedures as the esters and was 
unaffected. 


A Hammett plot for esters V and VI showed p values of 2.43 f 0.08 and 
1.84 f 0.07, respectively. The positive p values indicate that the hydrolysis 
reaction is facilitated by electron-withdrawing substituents. In other 
words, there is a decrease in repulsive forces between the acyl ring and 
the carbonyl carbon atom in going from the initial state to the transition 
state for the formation of the tetrahedral intermediate XI (Scheme I). 
The higher value for the ortho esters indicates that the transition state 
leading to the intermediate XI occurs further along the reaction coordi- 
nate than the transition state leading to the corresponding para inter- 
mediate. This is in accord with the Hammond postulate (23) since the 
unsubstituted ortho ester Va is hydrolyzed at  a slower rate than the para 


Table I-Second-Order Rate  Constants (k2 M-' rnin-l) for the 
Hydrolysis of the Benzoate Esters V, VI, and X in Aqueous 
Dioxane (50% v/v) at 36.9" 


Compound Rate Constant Compound Rate Constant 


VQ 19.9 f 0.10 VIe 72.0 f 1.75 
11.1 f 0.12 
6.47 f 0.14 


Vb 91.5 f 2.41 VIf 
v c  1646 f 38.7 VIa 


VIa 25.3 f 0.48 X i  8.46 f 0.35 
VIb 77.1 f 1.14 Xb 22.6 f 0.13 


190 f 1.08 VIC 542 f 11.3 xc 
VId 402 f 8.54 Xd 5.49 f 0.01 
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unsubstituted ester VIa (Table I). Presumably, the ortho ester is less 
reactive than the para ester due to steric impediments to hydroxide-ion 
attack at  the carbonyl function. The p value for X was 1.65 & 0.05, con- 
sistent both with the fact that aryl substituents of phenylbenzoatqs have 
less effect on the reaction than acyl substituents and with the interpre- 
tation given to the different p values for V and VI. 


Biological Activities-The antineoplastic evaluation of styryl ketones 


Ia: R = 2-OH 
Ib: R = 2-OCH,OCH, 
Ic: R = 3-OH 
Id: R = 3-OCH20C,H, 


V: R 4-OCH2OCH, 
Ie: R = 4-OH 


c1 


IIa: R = OH 
Ilb: R = OCH,OCH, 


IIIO: R, = 2-OCH3, R, = 5-OCH3 
IIIb: R, = 3-OCH3, R, = 4-OCH, 
I&: R, = 3-NO,, R, H 
IIId: R, = 4-NO,, R, = H 


~--&c=~-c-~cH~~,-,cH:, H 0 It 


F F 


Iv 


a_,-@ 
8 
V a : R = H  
Vb: R = C1 
Vc: R = NO, 


VIa: R = H 
VIb: R = C1 
VIc: R = NO,, 
VId: R = CN 
VIef R = Br 
VIf: R = CH, 
VIg: R = OCH, 


VII 


VIIIa: R = 2-OH 
VIIIb : R ze 3-OH 
VIIIC: R = 4-OH 


0 CH Q NO, 


IX 


X a : R = H  
Xb: R = C1 
Xc: R = NO, 
Xd: R = CH, 


OH 


0 - 
XI 


H 


Scheme I 


I-VIII is given in Table 11. The parent compound, l-phenyl-l-nonen- 
3-one, has a maximum T/C of 108%, which is similar to that of the nuclear 
hydroxy compounds Ia, Ic, Ie, and 110, which have an average T/C of 
107%. Masking the phenol to give the corresponding ethers Ib, Id, If, and 
IIb produced compounds with a perceptible level of activity (an average 
20% increase in the mean survival time in mice) unaccompanied by mu- 
rim toxicity; this result is in contrast to earlier work in which styryl ke- 
tones with cytotoxic and antineoplastic properties had significant murine 
toxicity (16). While the ethers IIIa and IIIb had marginal activity, the 
nitro compounds IIIc and IIId were inactive. 


In contrast to the ether analogs of the phenols, esters V-VII were bereft 
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Table 11-Evaluation of Styrenoid Ketones I-VIII for Antineoplastic, Analgesic, Anti-Inflammatory, and Antianaphylactic Activities 


Maximum Increase in Analgesic Activityb Anti-Inflammatory ActivityC Antianaphylactic Activityd 
Mean Survival Time", Dose, Percentage Dose Percentage Protection Dose, Percentage 


Compound dose in mg/kg mg/k Protection mdkg 3 hr 5hr mg/kg Protection 


Ia 
Ib 
Ic 
Id 
Ie 


IIa 
IIb 


IIIa 
IIIb 
I I I C  
IIId 
V b  
vc 


VIa 
VIb 
VIC 
VId 
VIe 
VIf  
V k  


VII 
VIIIb 
VIIIc 


I f  


112 (200) 
116 (200) 
104 (100) 
125 
105 (200) 


105 (50) 
116 (100) 
117 (50) 
115 (200) 
95 (100) 
99 (100) 


101 (25) 
99 (100) 


110 (200) 
97 (6.25) 


105 (12.5) 
101 (100) 
104 (12.5) 
95 (50) 


105 (12.5) 
105 (50) 
106 (50) 
113 (100)' 


121 (100)f 


256 


128 
128 
256 
128 
120 
120 
256 
128 
128 
256 
256 
256 
128 
128 
128 
256 
256 
256 
256 
128 
64 
64 


- 
25 


40 
36 
12 
54 
22 
48 
30 


Algesicg 
Algesicg 


36 
56 
34 


Algesicg 
44 
59 
41 
34 
36 
41 


Algesicg 
90 
96J 


- 64 


128 
128 
64 
64 


120 
120 
128 
128 
128 
128 
64 
64 
64 
64 
64 


128 
128 
128 
128 
128 
128 
64 


- 
0 


0 
0 
0 


-17 
-34 
-6 


0 
17 
34 
0 


- 50 
0 


-17 
0 


-17 
17 
0 
0 
0 
0 


64 
34 


- 
0 


0 
0 


-17 
0 


-34 
-17 


0 
0 
8 
0 
0 
0 
0 
0 
0 


66 
0 
0 
0 
0 


100 
17 


- 
128 


25 
100 


8 
128 
100 
100 
128 
100 
100 
128 


128 
128 


4 
128 
64 


128 
128 
128 
100 
16 
16 


- 


- 


8 


20 
45 
50 
67 
0 
0 
0 


20 
33 
78 


58 
36 
0 


58 
78 
9 
0 


56 
59 
0 


42 


- 


- 


~~ 


The figures are the ratios of the survival time of treated animals to control animals expressed as a percentage. The figures for 10, Ib, Ie, If, Vc, VIa-VIc, and VIIIc 
are taken from Ref. 25 and reproduced with permission of the copyright owner. * Analgesic activity was measured by the percentage protection in the phenylquinone 
writhing test. Under these conditions, aspirin gives 50% protection at  52 mg/kg. A compound displaying an effect greater than 50% is considered to be active. c The anti- 
inflammatory activity was measured by the percentage protection afforded by the compound ta carrageenan-induced edema. The reference compound, indomethacin, 
gave 50% protection at  12 mg/kg under these conditions. Com ounds showing greater than a 50% protection are considered active. Figures prefaced with a negative sign 
indicate the percentage increase in the size of edema volume. !'he antianaphylactic screen measured the potential of a compound to inhibit passive cutaneous anaphylaxis 
in rats. The reference compound, disodium chromoglycate, reduced the wheal area by 90% at  a dose of 100 mg/kg. A compound is considered active if the wheal area is 
reduced by 50%. An increase of 30% in the lifespan of BeDzFl mice with B16 melanocarcinoma at  50 mg/kg was noted; one in 10 mice was cured. There were 5/6 survivors 
on Day 5 at  dose levels of 200 and 100 mg/kg. 8 The percentage increases in writhes for IIIb, IIIc, VIa. and VII were 15,15,2, and 10, respectively. There were 2/6 and 
5/6 survivors on Day 5 at dose levels of 200 and 100 mgkg, respectively. ' There was 1/6 survivors on Day 5 at  a dose level of 200 mgkg. J This compound elicited a Straub 
tail response (35). 


Table 111-Evaluation of the Nuclear Hydroxy Styryl Ketones and Related Ethers for Antimicrobial Activity a.b 


Microorganism In Ib Ic Id Ie If IIa IIb VIIIb VIIIc 
Escherichia coli 


(ATCC 8739) 
Pseudomonas aeruginosa 


(ATCC 10145) 
Klebsiella pneumoniae 


(ATCC 4352) 
Salmonella tymphimurium 


(G 46) 
Rordetella bronchiseptica 


(ATCC 4617) 
Staphylococcus aureus 


(ATCC 6538) 
Streptococcus jaecalis 


(ATCC 8030) 
Bacillus subtilis 


(ATCC 6633) 
Trichophyton kentagrophytes 


Micros orurn gypseum 
(ATCC 9533) 


(AT(% 14683) 
Aspergillus niger 


(ATCC 10535) 
Candida albicans 


(ATCC 10231) 
Saccharomyces uvarum 


Average antimicrobial activitvc 
(ATCC 9080) 


>500 


>500 


>500 


> 100 


>500 


< 100 


> 500 


< 100 


<10 


<10 


> 500 


< 100 


<10 


712 


>500 


>500 


>500 


>500 


>500 


>500 


>500 


<loo 
>250 


< 100 


>500 


>250 


>500 


92 


>500 


>500 


<lo0 


,500 


,500 


<loo 
<loo 
<loo 
<loo 
4 0 0  


,500 


<loo 
<loo 


308 


>500 


> 500 


>500 


>500 


>500 


>500 


>500 


>500 


>500 


>500 


>500 


>500 


>500 


0 


>500 


>500 


>500 


>500 


>500 


<loo 
>500 


<loo 
<10 


< 10 


>500 


>500 


<10 


654 


>500 


>500 


>500 


>500 


>500 


>500 


>500 


<loo 
<loo 
> 100 


>500 


>500 


>loo 
115 


>500 


>so0 


>so0 


>500 


>500 


>250 


>so0 


>500 


>500 


>500 


>500 


>500 


>500 


8 


>500 


> 500 


>500 


>500 


>500 


>500 


>500 


>500 


>500 


>500 


>500 


>500 


>500 


0 


>500 


>500 


> 100 


>500 


>500 


<loo 
4 0 0  


>loo 
<10 


<10 


> 500 


> 10 


> 10 


577 


>500 


>500 


>500 


>500 


> 250 


>250 


>250 


<loo 
<10 


<loo 
>500 


>I00 


< 10 


504 
~~ 


The figures in the table are the minimum inhibitory concentrations of the compounds in micrograms per milliliter. * The data for Ia, Ib, Ie, and If and most of the 
results for VIIle are taken from Ref. 25 and reproduced with ermission of the copyright owner. Figures are calculated from the following expression: (combined antimicrobial 
activity X 100)/number of microorganisms in the screen. t h e  combined antimicrobial activity was determined by giving the following scores a t  the highest potency of 
the compound against the microorganism: >250,1; >100.2.5; <loo, 5; and <lo, 25. 


of bioactivity in this screen, with no correlation between the alkaline 
hydrolysis rate and antineoplastic activity. The Mannich bases VIIb and 
VIIc, while having greater water solubility than Ic and Ie, had similar 
activity against P-388 lymphocytic leukemia and displayed toxicity. Since 
several biological alkylating agents interfere with thymidylate synthetase 
and dihydrofolate reductase, which are key enzymes in DNA synthesis, 
a representative ether, IIb, was examined and shown to have no effect 
on either enzyme. 


Table I1 also lists some pharmacological screening data generated on 
I-VIII. These carbonylenes have either analgesic activity, ranging from 
96% protection in the phenylquinone writhing test at a dose of 64 mg/kg 
in the case of VIIIc to 12% protection at 256 mg/kg for Ie, or algesic ac- 
tivity. The utility of an analgesic would be enhanced if anti-inflammatory 
properties were also present. Compounds V b  and VIIIb showed anti- 
inflammatory properties after 3 hr, and VIIIb displayed potency at the 
end of 5 hr. In this series of compounds, antianaphylactic properties were 
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demonstrated in most compounds, and 36% of the compounds satisfied 
the criterion for activity; the para-cyano ester VId showed the greatest 
potency. 


The compounds listed in Table I1 were evaluated against 13 species 
of microorganisms, and the results of the nuclear hydroxy styryl ketones 
and related ethers are given in Table 111. All of the phenolic compounds 
except IIa displayed activity; the ortho- and para -hydroxy derivatives 
10 and Ie exhibited the greatest potencies. The failure of nuclear halo- 
genation of Ia to IIa to increase its antimicrobial activity was surprising 
since halogenation of phenols is often associated with an increase in an- 
timicrobial activity (24). The most susceptible species to these compounds 
were Trichophyton mentagrophytes and Microsporum gypseum. The 
remaining compounds, 111 and V-VII, were either inactive at  the highest 
concentration employed (500 jtg/ml) or showed only weak activity against 
a few microorganisms. 


EXPERIMENTAL' 


Melting points and boiling points are uncorrected. Organic extracts 
were washed several times with water and dried over anhydrous mag- 
nesium sulfate. After filtration, the solvents were removed in O ~ C U O  with 
a water aspirator. The petroleum ether fraction with a boiling range of 
100-120° was used unless otherwise stated. Mass spectra2 were deter- 
mined at 70 ev, and the 60-MHz NMR spectra3 were carried out in deu- 
terochloroform. TLC utilized 20 X 20 cm glass plates, which were pre- 
treated with 0.5 mm silica gel G4. The solvent system was chloroform- 
ethyl acetate-diethylamine (92:53). The kinetic studies6 were carried 
out with 1-cm quartz cells. 


Synthesis of Compounds-Compounds Ia, Ib, Ie, If, Vb, Vc, VIa- 
VIc, and VIIIc were prepared using the previously reported methodology 
(25). The remaining compounds were prepared as follows. 


Nuclear Hydroxy and Alkyloxymethoxy Styryl Ketones (I, II ,  and 
VIII)-Reaction of m-hydroxybenzaldehyde and chloromethyloxyethyl 
ether produced m-ethoxymethyloxybenzaldehyde, bp 82'/0.14 mm, in 
a 71% yield; NMR spectroscopy was in accord with the proposed struc- 
ture. The literature method (26) was used, except that the sodium hydride 
dispersion was added in one operation and the reaction mixture was 
stirred for 1 hr after the addition of sodium hydride. 
3,5-Dichloro-2-methoxymethyloxybenzaldehyde was prepared from 


3,5-dichlorosalicylaldehyde and chloromethyloxymethyl ether in a 61% 
yield in an analogous manner, except that the reaction time was quad- 
rupled. The compound was recrystallized from petroleum ether, mp 
90-92O. NMR spectroscopy was in accord with the proposed structure, 
and the mass spectrum gave peaks a t  m/e 2346 (M+, 5%) and 45 
(100%). 


Treatment of m-ethoxymethyloxybenzaldehyde with hexyl methyl 
ketone in the presence of aqueous sodium hydroxide solution, using the 
reported method for preparing Ib and If, gave (E)-I-(m-ethoxymeth- 
yloxyphenyl)-l-nonen-3-one (Id) as a yellow oil, bp 168O/0.13 mm, in a 
67% yield. TLC indicated that the compound was homogeneous. 


Anal.-Calc. for CI~H2603: C, 74.45; H, 9.02. Found C, 73.96; H, 
8.91. 


The analogous ketone IIb was prepared in a similar manner as a yellow 
oil, hp 187O/0.25 mm, in a 37% yield; mass spectrum: m/e 344 (M+, 0.7%) 
and 45 (100%). TLC indicated that the compound was chromatographi- 
cally homogeneous. 


Anal.-Calc. for C17HzzC1203: C, 59.14; H, 6.42. Found: C, 60.87; H, 
6.31. 
(E)-l-(m-Hydroxyphenyl)-l-nonen-3-one (Ic) was prepared from Id 


by hydrolysis with aqueous formic acid using the procedure for the for- 
mation of Ie (25). It was crystallized from petroleum ether as a colorless 
powder, mp 54-56', in a 73% yield. 


Anal.-Calc. for C15H2002: C, 77.54; H, 8.68. Found: C, 77.57; H, 
8.93. 
(E)-l-(3,5-Dichloro-2-hydroxyphenyl)-l-nonen-3-one (IIa) was pre- 


pared similarly to Ia (25) and recrystallized from petroleum ether, mp 


Elemental analyses were carried out by Mr. R. G. Teed, Department of 
Chemistry and Chemical Engineering, University of Saskatchewan. * AEI MS-12 mass spectrometer, Picker X-Ray En ineering Ltd. Mass spectra 
were determined by Mr. D. R. Bain, Department of Caemistry and Chemical En- 
gineering, University of Saskatchewan. 


3 T60 spectro hotometer, Varian Associates of Canada Ltd., and WP 60 spec- 
trophotometer, irucker Spectrospin (Canada) Ltd. 


4 Silica gel N-HRNV 254 polygram, Fisher Scientific Co. Ltd. 
6 The molecular ions for compounds containing chlorine atoms refer to the 


Cary model 118 spectrophotometer. 


35Cl-isotope. 


104-105', in a 74% yield; mass spectrum: mle 302 (M+, 6%) and 215 
(100%). 


Anal.-Calc. for C15HlsC1202: C, 59.81; H, 6.02. Found: C, 59.89; H, 
6.23. 


The Mannich base VIIIb, prepared by the reported methodology for 
synthesizing VIIIc (251, was recrystallized from acetone to give the desired 
ketone as a colorless powder, mp 154-156', in a 38% yield; mass spectrum: 
m/e 238 (M+ - HCI, 3%) and 58 (100%). TLC showed that the compound 
was homogeneous. 


Anal.-Calc. for ClsH2sClNO2: C, 66.34; H, 8.66; N, 4.30. Found C, 
64.11; H, 8.56; N, 4.06. 


An attempt to  prepare VIIIa by a similar method to that of VIIIb (25) 
produced only a water-soluble blue-green oil; this oil could not be induced 
to crystallize either by prolonged storage in a vacuum desiccator or by 
trituration with ether, petroleum ether (bp 60-80°), and benzene. NMR 
spectroscopy was in accordance with the proposed structure. 


Nuclear Methoxy, Nitro, and Fluoro Styryl Ketones (I11 and IV)-A 
mixture of 2,5-dmethoxybenzaldehyde (83.09 g, 0.50 mole), hexyl methyl 
ketone (76.90 g, 0.60 mole), and sodium hydroxide (10.0 g, 0.25 mole) in 
distilled water (300 ml) was heated under reflux for 12 hr and let stand 
at  room temperature overnight. The two layers were separated, the 
aqueous layer was washed with benzene (3 X 100 ml), and the organic 
extracts were combined with the original organic layer and dried. Re- 
moval of the solvent and excess hexyl methyl ketone gave a crude product. 
This product was fractionally distilled to give 2,5-dimethoxybenzal- 
dehyde (16.5 g, 20%), bp 105O/0.3 mm, and (E)-l-(2,5-dimethoxy- 
phenyl)-l-nonen-3-one (IIIa) (79.0 g, 58%) as a yellow oil, bp 181°/0.4 
mm, which solidified to a wax on standing. The residual tar in the dis- 
tillation flask was not examined. The mass spectrum of IIIa showed m/e 
276 (M+, 44%) and 245 (100%). 


Anal.-Calc. for C17H2403: C, 73.86; H, 8.76. Found: C, 74.00, H, 
8.62. 


Reaction of 3,4-dimethoxybenzaldehyde with hexyl methyl ketone 
proceeded in a similar fashion to produce a crude product. This product 
was fractionally distilled to give (E)-l-(3,4-dimethoxyphenyl)-l- 
nonen-3-one (IIIb) as a yellow oil (58%), bp 168'/0.14 mm, which solid- 
ified to a wax on standing, and an orange viscous oil (4 g), bp 183'/0.14 
mm. The molecular weight of the orange oil was shown to be 552 by mass 
spectrometry. The mass spectrum of IIIb showed m/e 276 (M+, 280) and 
191 (100%). 


Anal.-Calc. for C17H2403: C, 73.86; H, 8.76. Found C, 73.68; H, 
8.73. 


A solution of m-nitrobenzaldehyde (15.0 g, 0.10 mole), hexyl methyl 
ketone (14.1 g, 0.11 mole), piperidine (8.1 g, 0.10 mole), and acetic acid 
(6.6 g, 0.11 mole) in dry benzene (100 ml) was heated under reflux with 
mechanical stirring for 24 hr, cooled, and extracted with water (3 X 100 
ml). The organic layer was separated and dried, and removal of the sol- 
vent gave a residual brown oil. This oil was fractionally distilled to give 
m-nitrobenzaldehyde (1.2 g, 8%), bp 97'/0.13 mm, mp 55', and (E)-l- 
(rn-nitrophenyl)-l-nonen-3-one (IIIc) (13.5 g, 52%), bp 215O/0.10 mm7, 
which solidified on standing, yielding yellow flakes. Recrystallization of 
the flakes from petroleum ether gave IIIc as creamish flakes, mp 50-51'; 
mass spectrum: m/e 261 (M+, 2%) and 176 (100%). 


Anal.-Calc. for C15Hl~N03: C. 68.97; H, 7.28; N. 5.36. Found C, 69.04, 
H, 7.31; N, 5.38. 


The p-nitro analog IIId was prepared as follows. To a Vigorously stirred 
solution of p-nitrobenzaldehyde (20.0 g, 0.13 mole) and hexyl methyl 
ketone (19.0 g, 0.15 mole) in dry benzene (200 ml) were added acetic acid 
(7.8 g, 0.13 mole) and piperidine (11.1 g, 0.13 mole). The mixture was 
heated under reflux for 4 hr, using a condenser attached to a DeanStark 
trap, during which time water (3 ml) was collected. The benzene solution 
was cooled and extracted with water (3 X 100 ml). The organic solvent 
was removed in U ~ C U O  to give a black tar to which was added petroleum 
ether (500 ml); then the mixture was heated under reflux for 2 min. 


On cooling, the mixture stood a t  room temperature for 20 min, and the 
yellow solution was decanted and evaporatd to 200 ml. The solution was 
stored in a refrigerator overnight (0.05'), and the resultant yellow needles 
were collected (8.8 g). The original black tar was extracted again with 
petroleum ether (500 ml) and yielded a further quantity of material (1.7 
g). The combined crude products were recrystallized from petroleum 
ether to give (E)-l-(p-nitrophenyl)-l-nonen-3-one (IIId) (10.5 g, 30%) 
as yellow needles, mp 56-57.5'; mass spectrum: m/e 261 (M+, 14%) and 
191 (1ooo/0). TLC showed that the compound was homogeneous. 


On one occasion, the residual black tar exploded violently during the distilla- 
tion. 
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Anal.-Calc. for C15H19N03: C, 68.97; H, 7.28; N, 5.36. Found C, 69.49; 
H, 7.43; N, 5.37. 


When the time of heating the same quantities of reactants under reflux 
was extended to 36 hr, a crude product (7.1 g) was obtained. It was re- 
crystallized from petroleum ether to give (E)-4-(p-nitrobenzylidene)- 
l-(p-nitrophenyl)-l-nonen-3-one (IX) (2.5 g, 5%) as yellow needles, mp 
168-170'; mass spectrum: m/e 394 (M+, 25%) and 176 (100%); NMR 
(CDC13): 6 8.37-7.26 (m, 11, aromatic H, olefinic H), 2.63-2.49 (m, 2, CsH), 
and 1.55-0.79 [m, 9, (CH2)3CH3]. TLC indicated a major component, Rf 
0.46, with minute traces of three compounds with Rf values of 0.38,0.51, 
and 0.58. 


Anal.-Calc. for C22H22N203: C, 66.97; H, 5.63; N, 7.11. Found: C, 
64.69; H, 5.77; N, 6.70. 


The pentafluoro analog IV was prepared in the same manner as IIId, 
except that the time of heating under reflux was 1 hr. Distillation of the 
crude reaction product afforded an oil, bp 108'/1.0 mm, which solidified 
to a wax and was tentatively identified as 4-piperidinyl-2,3,5,6-tetra- 
fluorobenzaldehyde; mass spectrum: m/e 261 (M+); NMR (CDC13): 6 
10.60-10.30 (d, 1, CHO, J = 2), 3.66-3.00 (m, 6, piperidyl 3'H, 4'H, 5'H), 
and 2.10-1.54 (m, 4, piperidyl 2'H, 6H). Continued distillation produced 
(E)-l-(pentafluorophenyl)-l-nonen-3-one (IV) in a 27% yield as a mobile 
yellow oil, bp 114'/1.0 mm; mass spectrum: mle 306 (M+, 7%) and 221 


= 16.0), 2.62 (t, 2, C4H, 54.5 = 7.0), and 2.1S0.63 [m. 11, (CHd&H3]. 
Anal.-Calc. for C15H15F50: C, 58.82; H, 4.94. Found: C, 58.37; H, 


4.76. 
Esters of Nuclear Hydroxy Styryl Ketones (V-VII)-The method 


for preparing the esters V and VI was described previously (25). In the 
case of Va, the crude product was a yellow viscous oil, which gave an or- 
ange oil, bp 198-206'/0.2 mm, on distillation. TLC of the product indi- 
cated two components, Rf 0.64 and 0.18; the component with Rf 0.64 
corresponded to the unreacted ketone Ia. Attempted separation of the 
reaction components using silica gel column chromatography and the 
same solvent mixture as employed for TLC failed. The oil turned brown 
gradually on attempted redistillation, and the distillation was discon- 
tinued. NMR spectroscopy and mass spectrometry indicated that the 
desired ester had been formed. 


The syntheses of VId-VIg were undertaken successfully, and the esters 
were recrystallized from petroleum ether. 


(E) -  1-(p-Cyanobenzoy1oxy)-phenyl- I-nonen-3-one (VId) was prepared 
in a 72% yield as colorless crystals, mp 103-105'. TLC indicated that the 
compound was homogeneous. 


Anal.-Calc. for C23H23N03: C, 76.43; H, 6.41; N, 3.88. Found C, 75.92; 
H, 6.61; N, 3.59. 


The corresDondinp; p-bromo ester VIe was prepared in an 82% yield 


(100%); NMR (CDC13): 6 7.42 (d, 1, CIH,J1,2 = 16.0),6.92 (d, 1, C2H,Jz.1 


.~ 


as colorless needles,%p 129-130.5'. 
Anal.-Calc. for C22H23Br03: C, k3.62; H, 5.58. Found C, 63.69; H, 


5.55. 
The corresponding p-methyl ester VIf was prepared in a 60% yield as 


colorless plates, mp 107-108'. 
Anal.-Calc. for C23H2603: C, 78.83; H, 7.48. Found: C, 78.85; H, 


.7.46. 
The corresponding p-methoxy ester VIg was prepared in a 67% yield 


as colorless plates, mp 100-101'. 
Anal.-cak. for C23H2604: C, 75.36; H, 7.15. Found: C, 75.19; H, 


7.28. 
The sulfonyl ester VII was prepared in a similar manner, except that 


the reactants were heated together under reflux for 1.5 hr and then stirred 
mechanically at room temperature for a further 1.5 hr. The crude product 
obtained by extraction was recrystallized from methanol to give (E)-l- 
(p-benzenesulfonyloxy)-phenyl-l-nonen-3-one (VII) as colorless flakes, 
mp 47-48.5', in a 76% yield; mass spectrum: m/e 372 (M+, 9%) and 77 
(100%). 


Anal.-Calc. for C21H2403S: C, 67.70; H, 6.50. Found: C, 68.03; H, 
6.51. 


Benzoate Esters (X)-Phenyl benzoate (Xa) was obtained commer- 
ciallp, purified by recrystallization from ethanol, and melted at  69.5-70' 
[lit. (27) mp 71'1. The esters Xb-Xd were prepared by acylation of phenol 
with the appropriate acid chloride using the method applied to the syn- 
thesis of V and VI. The crude esters were recrystallized from petroleum 
ether to give: Xb, mp 87-89' [lit. (28) mp 87-87.5'1, in-a 50% yield; Xc, 
mp 142-143.5' [lit. (29) mp 142.5'1, in a 64% yield; and Xd, mp 70-72' 
[lit. (30) mp 71-72'], in a 39% yield. In addition, the structures of Xb-Xd 
were confirmed by elemental analysis. 


Kinetic Studies on V-VII and X-The hydrolysis rates of V, VI, and 
X were determined spectrophotometrically in aqueous 1,4-dioxane (50% 
v/v) by measuring the optical density (OD) of the appropriate phenoxide 
ion to completion of the reaction. 


A mixture of analytical grade 1,4-dioxane (4 liters) and sodium hy- 
droxide pellets (40 g) was heated under reflux for 18 hr and distilled uia 
a 61-cm Vigreux column. The distilled 1,4-dioxane was reheated under 
reflux with sodium hydroxide pellets, distilled a t  atmospheric pressure, 
and stored unexposed to moisture. The wavelengths (max) of the phen- 
oxide ions from Ia, Ie, phenol, p-chlorophenol, p-nitrophenol, and p -  
methylphenol were 406,389,299,301,405, and 289 nm, respectively. The 
Beer-Lambert law for the phenoxide ions in aqueous dioxane was con- 
firmed by plotting the optical density uersus phenoxide concentrations, 
using five different concentrations of the appropriate phenol to which 
was added a drop of aqueous sodium hydroxide solution (10 M). 


The determinations proceeded as follows. Initially, a wavelength of 
the phenoxide ion was chosen that was least obstructed by absorptions 
of the corresponding ester. Then the ester was placed in a two-component 
kinetic flask and dissolved in aqueous 1,4-dioxane (50% v/v, 10 ml) while 
aqueous sodium hydroxide solution (10 ml) was placed in the side arm 
flask along with sufficient sodium chloride to maintain an ionic strength 
of 2.8 X M of the resultant solution after mixing. The reaction flask 
was placed in a constant-temperature water bath at  36.9 f 0.02' for 30 
min. The side arm flask was then rotated upwards so that its contents 
were added to the solution of the ester in the main flask, and the resultant 
mixture was shaken to ensure thorough mixing and transferred imme- 
diately to the thermostated UV cells in the spectrophotometer. 


The reaction was followed by recording continually the optical density 
of the phenoxide ion to infinity at the previously determined wavelength. 
The time lag between the mixing of the two solutions and the beginning 
of the recording of the optical density was -22 sec and was incorporated 
into the subsequent calculations. The kinetic runs were carried out in 
duplicate under pseudo-first-order conditions at two different hydroxide 
concentrations (2.1 X M), except for the p-nitro esters 
in which case the hydroxide concentrations were 2.1 X and 7.0 X lo-* 
M. The pseudo-first-order constants, kl, were determined from the ex- 
pression: 


and 2.8 X 


2.303 log ODa - OD0 
ODa - ODk 


klt = (Eq. 1) 


in which ODa is the optical density of the solution at infinity, i.e., when 
100% of the reaction had occurred, and it was found that the observed 
ODa = calculated ODa f 3%. In addition, OD0 represents the initial 
optical density and ODt is the optical density a t  time t. The constant k' 
was calculated by plotting log ODa - ODt uersus time. The best fit of 
the line to the points was obtained by a least-squares treatment of the 
data using an HP 2000 computer. Table I indicates the second-order rate 
constants, k2, which were obtained by dividing the values of k1 by the 
sodium hydroxide concentration. For each ester series, log (k2R)/(k2H) 
was plotted uersus up (31), and the rho values were obtained by compu- 
terization. The up value of the 1-nonen-3-onyl group was obtained by 
plotting the k2 values for VIa and Xa-Xd uersus the Hammett up values 
of the nuclear substituents (31) for Xa-Xd. 


No hydrolysis of Ib, Id, If, or VII under these conditions was found 
using 2.0 M sodium hydroxide solutions, and attempted hydrolysis of VIc 
using imidazole (0.1 M )  was unsuccessful. 


Screening of Compounds-For the P-388 anticancer screeng, the 
compounds were administered in saline with polysorbate 8010, except for 
Ia, VIa-VIc, and VIIIa, which were administered in saline, Ib, IIa, and 
IIb, which were administered in hydroxypropylcellulose, and If, which 
was administered in saline with alcohol. The compounds were injected 
daily for 9 consecutive days by the intraperitoneal route into CD2FI mice, 
except for Ic and VIIIb for which BsDzFl mice were used. 


Literature procedures were used in the pharmacological evaluation" 
(33). The antimicrobial evaluation11 was carried out by the reported 
methodology (25) using concentrations of 500,250,100,50, and 10 pg/ml. 
Thus, a designation of >250 means that the comGound inhibited growth 
of the microorganism at 250 pg/ml but not a t  500 pg/ml. During the an- 
timicrobial screening, the sample of Salmonella typhimurium (ATCC 
13311) died and was replaced by a strain designated G46. All of the 


~~ ~~ 


The anticancer screening was carried out by the Drug Research and Devel- 
opment Division, National Cancer Institute, Bethesda. Md., using their protocols 
(82). 
~--I 


lo Tween 80, Atlas Chemical Industries. 
1' Pharmacological and antimicrobial evaluations were conducted by Bio-Re- 


8 BDH Chemicals Ltd. search Laboratories, Montreal, Quebec, Canada. 
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compounds listed in Table I1 were screened uersus the G46 strain of S. 
typhimurium, except for Ia, Ib, Ie, If, Vb, Vc, VIIa-VIIc, and VIIIc, 
which were assessed against the ATCC 13311 microorganism. 


Evaluation of IIb against thymidylate synthetase and dihydrofolate 
reductase was done according to a literature method (34). 
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Abstract A new colorimetric method for glycyrrhizin in licorice and 
drug preparations is given. The method is based on coupling the acidic 
genin, glycyrrhetinic acid, with methylene blue and measuring the ex- 
tinction of the coupled compound solution in chloroform-alcohol. 


Keyphrases Glycyrrhizin-analysis, methylene blue colorimetry 
Antiulcerogenic agents-glycyrrhizin, methylene blue colorimetric 
analysis Colorimetry-analysis, glycyrrhizin, methylene blue 
Methylene blue-analysis, glycyrrhizin 


Licorice, the root and subterranean stem of different 
varieties of Glycyrrhiza glabra, has long been used in 
medicine. The drug and some of its preparations are offi- 
cial in many pharmacopoeias. Besides being a valuable 
flavoring and sweetening agent, the drug has demulcent, 
expectorant, and antispasmodic action. Recently, it was 
shown to be effective in gastric ulcer treatment and to have 
a cortisone-like action in rheumatic arthritis and other 


inflammatory diseases (1-3). These activities are due to 
the active constituent glycyrrhizin, which is the calcium 
and potassium salt of glycyrrhizic acid; the latter is the 
diglucopyranosiduronic acid of the pentacyclic triterpe- 
noid sapogenin, P-glycyrrhetinic acid. Simple derivatives 
of 0-glycyrrhetinic acid such as the disodium salt of car- 
benoxolone have been used extensively in gastric ulcer 
treatment (4). 


BACKGROUND 


Glycyrrhizin has been estimated by gravimetric assays of variable 
weighing forms (5-7); volumetric assays such as direct titration of gly- 
cyrrhizic acid, glycyrrhetinic acid, or their salts (6,8); colorimetric assays 
(6,9-12); and colorimetric and spectrophotometric determination after 
chromatographic separation (13-18). 


The reported glycyrrhizin content of licorice has varied greatly. Some 
investigators attributed this variation to the different analytical methods 
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Abstract 0 A radioimmunoassay was developed for measuring plasma 
concentrations of the antihypertensive agent guanethidine a t  the nano- 
gram level. Guanethidine was conjugated covalently to human serum 
albumin by two procedures, and the degree of conjugation was deter- 
mined using tracer amounts of 3H-guanethidine. Immunization of sheep 
with various conjugates afforded antiserums with specificity for guan- 
ethidine, as determined in competitive binding studies using 3H-guan- 
ethidine and a dextran-coated charcoal technique for the separation of 
free and antibody-bound drug. The major human metabolites, an N-oxide 
and a ring-opened derivative, were not cross-reactive in antibody binding 
studies. Constituents of human plasma or serum do not appear to inter- 
fere with the assay. Preliminary results from immunoassay of plasma 
samples from patients receiving guanethidine indicate potential use for 
assessing dosage regimens and studying pharmacokinetics. 


Keyphrases R Guanethidine-radioimmunoassay, human plasma, 
nanogram level 0 Antihypertensive agents-guanethidine, radioim- 
munoassay, human plasma, nanogram level 0 Radioimmunoassay- 
guanethidine, human plasma, nanogram level 


A need exists for an improved quantitative assay for the 
antihypertensive guanethidinel (I). Such a method should 
be simple, inexpensive, and clinically applicable with high 
sensitivity (nanogram or picogram level) and specificity. 
A radioimmunoassay could fill this need, making possible 
improved clinical monitoring of patient dosage regimens 
and the acquisition of pharmacokinetic data, the analysis 
of which could lead to more effective therapy. 


BACKGROUND 


A literature review (1-8) indicated that pharmacokinetic information 
concerning the absorption, distribution, and elimination of orally ad- 
ministered guanethidine sulfate is conflicting and has limited clinical 
applicability. Difficulties in applying this research to patient care may 
stem from insufficient assay sensitivity (and, in some cases, specificity), 
which has precluded the evaluation of samples containing very low 
guanethidine concentrations. Conflicting data may have arisen because 
plasma levels were not sampled over an adequate period. 


Bioavailability studies comparing the usual oral dosage form with drug 
administered intravenously or as an aqueous oral solution have not been 
completed. Loading dose regimens for guanethidine have been developed 
(8-11). These efforts were in patients who did not demonstrate remark- 
able renal insulficiency. This previous research did not consider the in- 
fluence of renal function on the drug disposition, and the pharmacokinetic 
parameters used in those dosage regimens may have been derived em- 
pirically. 


In assessing the relationship between the guanethidine dose and the 
hypotensive response, Walter et a / .  (12) utilized the most definitive an- 
alytical technique for guanethidine (13); it determines guanethidine in 
biological fluids by GLC with flame-ionization detection or multiple-ion 
detection (mass spectrometry). Although this assay is specific and sen- 
sitive to concentrations as low as 1 ng/ml, the complexity of the manip- 
ulations (extractions and hydrolyses) and the limited availability and 
expense of the assay equipment (GLC-mass spectrometry and its oper- 
ation) reduce its applicability in clinical studies. 


Other methods for guanethidine appear to lack the desired sensitivity 
(and, in some cases, the specificity) for clinical studies. Briefly, these 
methods involve preliminary extraction and/or chromatographic pro- 
cedures followed by quantitation via colorimetry (14-18) or fluorometry 
(19-21) and are not useful below microgram or milligram levels. The use 


1 Guanethidine sulfate (Ismelin), Ciba-Geigy Corp., Summit, N J  07901. 


of‘ radialabeled drug affords sensitivity to nanogram or picogram quan- 
tities (22); however, specificity for the drug and metabolites is not 
achieved. 


Any analytical procedure for guanethidine must enable its determi- 
nation in the presence of known metabolites and other interfering sub- 
stances. The literature on guanethidine metabolism was reviewed recently 
(23), particularly the work of four research groups (19,23-25). In two of 
the studies, direct metabolites were identified, the first involving ring 
N-oxide formation and the second involving ring a-hydroxylation fol- 
lowed by hydrolysis to a ring-opened amino acid (Scheme I, Structures 
I I  and 111). 


This paper describes the development of a sensitive and specific ra- 
dioimmunoassay for guanethidine and some initial results on its clinical 
application. 


EXPERIMENTAL 


Materials-The following were used: human serum albumin2 (crys- 
talline, B grade); bovine serum albumin2 (crystalline, A grade); guan- 
ethidine sulfate3; Freund’s complete adjuvant*; dextran5; charcoal5; 
f‘ormalin solution6; commercial liquid scintillation fluid7; guanethidine 
metabolites 2-(octahydro-1-azocinyl-1-0xido)ethylguanidine~ (“guan- 
ethidine-N-oxide”), 2-(6-carboxyhexylamine)ethylguanidines (“ring- 
opened metabolite”), and 1-(6-carboxyhexyl)-2-iminoimidazolidine (a 
possible artifact arising from ring closure of the ring-opened metabolite)s; 
and SH-guanethidines of low specific activity (62 mCi/mmole) (labeled 
on the C-2 of the ethyl group) (26). 


Tritiated material of high specific activity (-300 mCi/mmole) was 
prepared commerciallyg and purified as described later. Liquid scintil- 
lation counting was accomplished using a spectrometerlo with internal 
standardization to compute efficiency and disintegrations per minute 
in individual samples. 


Coupling of Guanethidine to Human Se rum Albumin (Scheme 
11)-Two methods involving formaldehyde as a coupling reagent were 
employed, one in glacial acetic acid and the other with sodium acetate 
in an aqueous medium (27). T o  2.0 g of guanethidine sulfate in 20 ml of 
water was added 4 ml of ethanol containing approximately 2 X lo6 cpm 
of 3H-guanethidine8. The solution was evaporated in vacuo to dryness. 
After addition of 6 ml of cold 30% KOH, the free base was extracted into 
5 X 50 ml of chloroform. The combined extracts were dried over mag- 
nesium sulfate and evaporated, affording 0.40 g of free base, which was 
stored under nitrogen. 


Coupling Method A-To 82 mg of free base in 3.6 ml of glacial acetic 
acid was added 400 mg of human serum albumin in 4 ml of distilled water. 
Formaldehyde solution (38%), 2.4 ml, was added to  this clear mixture. 
The mixture was heated and stirred a t  50’ under nitrogen for 1 hr and 
then stirred overnight a t  room temperature. The resulting clear solution 
was dialyzed versus several portions of distilled water until negligible 
radioactivity was detected in the dialysates. Scintillation counting of both 
dialysates and bag contents indicated 5.8 moles of guanethidine bound/ 
mole of serum albumin based on a molecular weight of 70,000. The 
product was lyophilized to a white powder and stored in the cold. 


Coupling Method B (28)-To 200 mg of human serum albumin in 2 
ml of distilled water was added 2.0 ml of 3 M sodium acetate. Formal- 
dehyde solution (38%). 4.0 ml, was added, and the mixture was stirred 
lor 5 min a t  room temperature. A solution of 28 mg of guanethidine (free 
base) in 1 ml of water was added. The mixture was stirred under nitrogen 


2 Calbiochem Corp. 


4 Difco Laboratories. 
Ciba-Geigy Corp., Summit, NJ 07901. 


Radioimmunoassay grade materials, SchwardMann. 
J. T. Baker Chemical Co. 


Gilt of Dr. D. F. Elliott, Ciba Laboratories, Horsham, England. 
New England Nuclear. 


7 Scintaverse, Fisher Chemical Co. 


lo Model 3255, Packard Instrument Co., Downers Grove, Ill. 
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Table I-Data for  Typical Guanethidine Standard Radioimmunoassay Curve 
~ 


Bovine 
Serum 


Tube Buffero, ml Albuminb, ml 


1 1.30 
2 0.80 
3 0.70 
4 0.68 
5 0.66 
6 0.62 
7 0.50 
8 0.60 


0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 


Antiserum', ml 


- 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 


Guanethidine (ColdP 
Milliliters Nanograms 


0 0 
0.02 2.0 
0.04 4.0 
0.08 8.0 
0.20 20.0 
0.10r 100.0 


Dextran- 
Coated 


3H-Guanethidine', ml Charcoalf, ml 
0.10 - 
0.10 0.50 
0.10 0.50 
0.10 0.50 
0.10 0.50 
0.10 0.50 
0.10 0.50 
0.10 0.50 


a Buffer was 0.15 M NaCl and 0.01 M sodium phosphate, pH 7.4. * Crystalline bovine serum albumin 2X (Armour). C Guanethidine antiserum was diluted 160 with 
buffer (final dilution 1:600 in tube). d Cuanethidine (cold) was 0.10 ng/pl in buffer (used 2-100 ng in curve). "-Guanethidine was 0.1 ng/pl in buffer (12 nghube? -1500 
dpm). f Dextran-coated charcoal suspension contained 0.01 g of immunoassay grade charcoal per milliliter and 0.25 mg of dextran (immunoassay grade) per milliliter. 
fl  Concentration was 1.0 ng/ml in buffer. 


at room temperature, dialyzed, and lyophilized as in Method A. Counting 
of tracer 3H-guanethidine indicated 33 moles of guanethidine bound/mole 
of serum albumin. 


Immunization Procedure and Schedule-Each guanethidine- 
albumin conjugate was injected intramuscularly (two sheep per conju- 
gate) at  several injection sites (shoulders and flanks) at monthly intervals. 
Initial and subsequent injections consisted of 3 mg of conjugate in 1.5 ml 
of physiological saline emulsified with 1.5 ml of Freund's complete ad- 
juvant. Bleedings were made from the neck vein approximately 7-10 days 
after each monthly booster injection. To date, three of the four sheep have 
been boosted and bled for 18 months. Serum was frozen after the addition 
of thimerosal (final concentration, 0.01%) as an antibacterial. 


Titer Determination-Individual serum samples were evaluated by 
serial dilution for their ability to bind 12 ng of "-guanethidine in the 
absence of added nonradioactive guanethidine. For this evaluation, 100-pl 
samples of antiserum dilutions were used as described later. In routine 
work, the antiserum dilution giving 40-6070 binding was optimum. 


Standard Radioimmunoassay Curve for Cuanethidine-Table 
I indicates the order of reagent addition and the contents of various 
triplicate assay tubes utilized in the construction of a typical standard 
radioimmunoassay curve. Polystyrene test tubes (5 ml, 12 X 75 mm) were 
used. Bovine serum albumin (0.5%) was added to the buffer to minimize 
adsorption of "-guanethidine8 (62 mCi/mmole) and cold guanethidine 
onto the vessel walls, although no evidence for such adsorption had been 
observed. Antiserum was freshly diluted from stock on the day of use. 


Following the antiserum addition, various quantities of cold guan- 
ethidine and 12 ng of 3H-guanethidine (-1500 dpm) were added to each 
tube. The tubes were incubated a t  37' for 2 hr and chilled in ice for 30 
min. Then 0.5 ml of dextran-coated charcoal suspension was added to 


H 


I 


0 


NH 
I1 


NH 
111 


/heat 


IV 
Scheme I-Guanethidine (I) and human metabolites (23).  Compound 
11 is the N-oxide metabolite, I l l  is the ring-opened metabolite, and I V  
i s  a probable artifact of the isolation workup, i n d u i n g  cyctization of 


I l l .  


the desired tubes (Table I, footnote /). After vortexing, suspensions were 
left a t  OD for exactly 15 min and then centrifuged a t  2" for 10 min. 


Exactly 1.0 ml of the supernate was removed carefully by automatic 
pipet and counted in 10 ml of scintillation cocktail in a counting vial. 
Percent binding figures were calculated. Nonspecific binding (-3%) was 
obtained from Tube 2 figures and subtracted from the total percentage 
figures observed for all tubes. In specificity (cross-reactivity) studies, cold 
guanethidine was replaced with desired quantities of the test compound. 
In the assay of clinical samples, up to 0.1 ml of unknown plasma or serum 
was employed, with pooled control plasma in all tubes. 


Synthesis of Randomly Labeled 3H-Guanethidine of Increased 
Specific Activity-Guanethidine sulfate, 50 mg, was dissolved in 0.3 
ml of dry dimethylformamide and heated overnight at 80' with 100 mg 
of 5% rhodium-on-aluminum oxide catalyst and 25 Ci of tritiated water9. 
After removal of excess tritiated water, purification was accomplished 
as follows. Approximately 45 pCi (100 X lo6 dpm) of crude material was 
dissolved in 200 pl  of water and placed on a column of 1.0 g of Dowex 5OX 
(acid form, 100-200 mesh, 4% cross-linked), packed in a Pasteur pipet. 
Upon elution with water in 1-ml fractions, 25% of the radioactivity was 
recovered in the first five fractions. The remainder of the material was 
eluted in one peak with 5 N HCI, collected in approximately 10 fractions. 
The peak fractions were checked for purity by TLC and paper chroma- 
tographic radioscan [solvent systems: 2-butanol-3% (v/v) ammonia (31 ) ,  
Rf 0.8; and n-butanol-acetic acid-water (40:10:50), Rf 0.3 (20)]. The 
product was estimated by isotope dilution to have a specific activity of 
300 mCi/mmole, or five times that  of material obtained previously8. 


RESULTS AND DISCUSSION 


Antigen a n d  Antiserum Preparation-It appeared desirable in 
antigen preparation to utilize the terminal guanidino group of the hapten 
guanethidine for attachment to a protein carrier. This approach would 
leave unaltered immunodeterminant features near the metabolism sites, 
favoring the formation of antibody specific for guanethidine (I) and not 
the major metabolites, the Nkxide (11) and the ring-opened product (111) 
(Scheme I). Three coupling methods were employed successfully; how- 


25', 18 hr 
H2C=0 


H,N-albumin * HOCH,NH-albumin 
A. CH,COOH 


V or 
B. HOH. CH,COONa H+ + 


RNH, + 
RNHCHLNH-albumin - CH2=N-albumin 


VI I 
H 


H 


NH 
Scheme 11-Coualent coupling of guanethidine (I) to human serum 
alhumin ( V )  via formaldehyde actiuation, producing antigen (V l ) .  The 
guanethidine-albumin ratio in Method A iuas 5.8; in Method B, it was 


33. 
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Table 11-Reproducibility in the Assay of Known Quantities 
of Guanethidine 


Table 111-Recovery of Guanethidine Added (50 ng/ml) to 
Patient Serum Samples in Various Concentrations 


Guanethidine 
Added, Guanethidine Found, ng/mla 


Sample ng/ml Mean ( n  = 3) cv, % 


Guanethidine, ng/ml Recovery of 
Found in Added 


Sample Original Samplea Total Found Guanethidined, % 


1 
2 
3 
4 
5 


2.00 
5 . 0  ~...  


10.0 
20.0 
50.0 


2.07 
4.68 
9.77 


19.8 
48.1 


16.4 
i3 .8  
f7.8 
33.9 
f3.3 


0 Each value IS the mean of three individual samples and the coefficient of vari 
ation of individual samples from this mean (SD X IWhean).  The guanethidine 
content of each sample was calculated lrom a percentage binding figure, and a 
standard curve was constructed from the means of samples run in triplicate. 


ever, only the formaldehyde method produced antiserum of useful titer 
(Scheme 11). Tracer quantities of 3H-guanethidine were added to the 
reaction media to enable ready calculation of the ratio of drug to albumin 
in the conjugate. With formaldehyde in glacial acetic acid (Method A), 
this ratio was 5.8 moles of guanethidine/mole of albumin. With formal- 
dehyde in water containing sodium acetate (Method B) (28), this figure 
increased to 33 moles of guanethidine/mole of albumin. 


With a mechanism of coupling involving only lysine amino groups 
(tryptophan and imidazole also might be involved), the maximum ratio 
for albumin would be about 60. Two other coupling procedures were 
employed to move the hapten guanethidine moiety further away from 
the protein, perhaps improving titer and specificity. The first procedure, 
involving the reaction of guanethidine with succinic anhydride followed 
by water-soluble carbodiimide coupling of the newly generated terminal 
carboxyl group to albumin, resulted in a hapten to protein ratio of 4-51. 
The second procedure involved initial selective coupling of toluene- 
2,5-diisocyanate (29) to albumin at pH 7.4 (at the 5-position) and coupling 
of the more hindered 2-isocyanate group to guanethidine a t  pH 9.0. In 
this case, a hapten to protein ratio of 13 was obtained. Unfortunately, 
however, neither the succinic anhydride nor the diisocyanate conjugates 
elicited antiserum of useful titer with the animals and conditions em- 
ployed. 


Immunization of four sheep with the two formaldehyde conjugates (two 
sheep per conjugate) was accomplished as discussed under Experimental. 
All four sheep produced antibodies after 2-3 months, two of titer ap- 
proximately 1:600. The highest titer serum was taken from the two sheep 
immunized with the conjugate of the lower hapten to protein ratio of 5.8. 
All sheep have now been bled monthly for 18 months, with the titer re- 
maining essentially constant, dropping off slightly only in one animal. 
This relatively low titer probably could be increased considerably with 
radiolabeled guanethidine of higher specific activity, either a tritiated 
or an iodinated derivative (Iz5I).  Antiserum stored frozen in small por- 
tions has shown no evidence of loss of guanethidine binding ability. 


Standard Immunoassay Curve-Because of interest in radiolabeled 
material of higher specific activity (enabling increased sensitivity), ex- 
haustive work has not been carried out to determine optimum assay 
conditions with available tritiated material. Nevertheless, the assay ap- 
pears to be reproducible and directly clinically applicable for guanethi- 
dine concentrations above 4-5 ng/ml of plasma or serum. 


The order of reagent addition and the contents of various triplicate 
assay tubes utilized in the preparation of a typical standard curve are 
indicated in Table I. Antiserum was freshly diluted from frozen stock 
serum on the day of use. Fresh solutions of 3H-guanethidine and cold 
standard guanethidine also were prepared daily by dilution of more 
concentrated frozen stock solutions. The entire process, including the 
incubation and subsequent charcoal adsorption, was completed in -4 
hr. 


Data for a typical standard immunoassay sigmoid curve are plotted 
in Fig. 1. Each medium of different composition was run in triplicate. The 
data in Fig. 1 include typical results for standard deviations of triplicate 
samples. Curves could be linearized via logit transformation procedures 
to extend the useful range of application and enable curve fitting and 
computer interpolation. However, this was not done routinely because 
the errors found by utilizing points a t  the logit curve ends were much 
larger than those encountered by diluting samples so that they fall within 
the central portion of the sigmoid curve. If assay conditions were con- 
trolled, the standard curve varied only slightly; however, a t  least five 
points on the curve were always incorporated into each day’s work. No 
significant differences were observed by altering the incubation times 
between 1 and 4 hr a t  37’ or varying the time of incubation with dex- 
tran-coated charcoal between 15 and 30 min at 0’. 


GC 
MI, 
PL 
PL 
CM 
CM 


57 
76 .. 


16 
26 
14 
28 


106 
120 
62 
74 
61 
73 


98 
88 
92 
96 
94 
90 ~~ 


CM 29 80 102 
CM 43 101 116 


Q Values are the averages of two separate assays done in triplicate. Percentage 
recovery figures, therefore, reflect errors in the original assay, errors in the addition 
step, and errors in the assay of the “spiked” sample. Whole serum samples were 
used, and all necessary dilutions were repeated after spiking. * Average deviation 
ill recovery from 100% was -3%. 


Nonspecific binding in the absence of antiserum amounted to about 
:I%, and this figure was subtracted from samples containing antiserum. 
The addition of up to 10% (0.1 ml/ml) pooled normal human serum or 
plasma to the assay tubes did not appear to alter the shape or position 
of the curve, nor did heparin, disodium ethylenediaminetetraacetic acid, 
or citrate in normal concentrations utilized for anticoagulation. Pre- 
liminary experiments also indicate that the assay is applicable to urine 
analysis. 


Sensitivity-For blood guanethidine levels observed during patient 
loading protocols, conditions,giving the curve shown in Fig. 1 were most 
convenient. The reliable concentration range with the 3H-guanethidine 
(64 mCi/mmole) employed was about 2-20 ng in the assay. Since 0.10-ml 
plasma aliquota were used, this level corresponds to a direct measurement 
in the range of 20-200 ng/ml of plasma. Use of3H-guanethidine of specific 
activity 300 mCi/mmole (2.5 ng/assay tube) enabled an increase in sen- 
sitivity to about 4-5 ng/ml of plasma (lower limit of 0.4-0.5 ng in the 
assay). This curve is not shown but affords a useful range of 4 -40  ng/ml 
of plasma. 


Walter et al. (12) reported therapeutic levels of guanethidine as assayed 
by the method of Hengstmann et 01. (13) to be 8-17 ng/ml. Therefore, 
as it stands, the immunoassay sensitivity, while adequate for the mea- 
surement of levels observed during loading or during “normal” thera- 
peutic control, is not adequate for detailed pharmacokinetic studies. 
Consideration of the literature and practical experience at North Carolina 
Memorial Hospital indicate that such a procedure could contribute sig- 
nificantly to pharmacokinetic studies if it were sensitive to levels below 
1 ng/ml, perhaps 0.1 ng/ml. It is plausible that accurate mathematical 
(pharmacokinetic) statements describing guanethidine elimination from 
plasma of normal volunteers or hypertensive patients can be made, 
providing the terminal elimination phase can be evaluated until guan- 
ethidine concentrations decline to such levels (27). Efforts to increase 
assay sensitivity through synthesis of hotter tritiated material or a suit- 
ably iodinated (lZ5I) derivative are in progress. 


Specificity-Studies of cross-reactivity and antibody specificity were 
carried out on major metabolites I1 and I11 and the isolation artifact IV 
(23); the concentrations at which these compounds reduced binding of 
:<H-guanethidine (12 ng) were compared to the concentration of guan- 
ethidine (cold) that had the same effect. Approximately 1% cross-reac- 
tivity was observed with the N-oxide (11); less than 0.1% was observed 
with the ring-opened metabolite (111) and IV. Antihypertensive agents 
diazoxide, methyldopa, hydralazine, and furosemide showed less than 
0.1% cross-reactivity. To date, all of these specificity studies have been 
performed on bleedings from one sheep, with three bleedings appearing 
to he essentially identical. 


Assay Reproducibility and Recovery Studies (30,31)-Table I1 
indicates the reproducibility of the assay as measured in prepared stan- 
dards (10% pooled human plasma), giving means and coefficients of 
variation for amounts found uersus amounts actually added. Results are 
based on triplicate tubes for each unknown concentration. These results 
were derived by using a standard curve similar to Fig. 1. 


Recovery studies were conducted using actual plasma samples. Sample 
guanethidine content was measured on several patients (Table 111). Se- 
lected samples encompassing a wide concentration range were “spiked” 
with 50-ng amounts of standard guanethidine and reassayed for total 
guanethidine. Recovery, expressed as percent, indicates that drug added 
to each original plasma sample over a range of concentrations is recovered 
in quantities between 88 and 116% (mean = 97%). 


Journal of Pharmaceutical Sciences 1 1421 
Vol. 68, No. 11, November 1979 







80 


70 


0 2 6 0 -  
X 


QO 50 
Q 


40 


. 


30 


Clinical Application during Patient Loading-Plasma concen- 
trations have been monitored in several hypertensive patients receiving 
guanethidine as part of their antihypertensive regimen. Data on one 
patient are presented in Fig. 2. Patient CM was a 30-year-old male 
undergoing guanethidine loading. Guanethidine was given orally every 
8 hr during the loading period as 50 mg of the sulfate. The therapeutic 
end-point was considered to be a standing diastolic (phase V) blood 
pressure in the 90-100-mm Hg range 8 hr after a 50-mg dose. In this pa- 
tient, loading was reinstituted when concomitant hydralazine doses were 
halved and clinical effectiveness of the total therapeutic regimen di- 
minished. 


In Fig. 2, plasma guanethidine concentrations are shown superimposed 
on the total guanethidine dose administered during a single day. All de- 
terminations were made on plasma collected immediately prior to the 
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Figure 2-Clinical application: response to guanethidine loading in 
a 30-year-old male with seuere hypertension and renal insufficiency 
(Patient CM).  Guanethidine levels in nanograms per milliliters are 
shown superimposed on lower bar graph (solid circles). 


administration of loading doses. Samples associated with maintenance 
doses were obtained approximately 26 hr following previous doses or, on 
two occasions, at 3 hr after the daily dose. Preliminary assessment of the 
utility of the analysis of plasma guanethidine concentrations suggests 
that monitoring during the administration of loading doses has limited 
interpretability. Variation in absorption from available tablets and, more 
importantly, the effects of the time necessary for complete tissue dis- 
tribution may explain the observed fluctuations in plasma concentrations. 
Nevertheless, plasma level monitoring when steady state is approached 
represents a rational mechanism to assist in the evaluation of the clinical 
effectiveness of guanethidine. More complete data on patients over an 
extended time will be of interest. 


Evaluation and Potential of Immunoassay Technique-In its 
present state, the assay described represents a rapid and direct method 
for the determination of plasma or serum guanethidine levels a t  con- 
centrations encountered clinically without interference from major me- 
tabolites [which are inactive (23)], other antihypertensive agents, or 
common anticoagulants employed in blood collection tubes. Extractions 
or chromatographic purification procedures are avoided, and the deter- 
mination is accurate to 4-5 ng/ml with an error of less than &lo%. Access 
to expensive equipment (e.g., a mass spectrometer) with a skilled operator 
is obviated, with only scintillation counting instruments required. 


Further work in progress using tritiated material of higher specific 
activity or a suitably labeled guanethidine analog containing iodine 125 
should increase the titer, sensitivity, and convenience so that levels as 
low as 100 pg/ml might be measured directly. Such a convenient method 
should facilitate greatly the acquisition of accurate clinical data for re- 
search with the following goals: description of the relationship of plasma 
concentration to clinical effect (as measured by blood pressure), evalu- 
ation of bioequivalence and bioavailability of the drug from various 
dosage forms, description of the drug's pharmacokinetics, confirmation 
of the influence of renal function on guanethidine elimination from 
plasma, development and evaluation of loading dose regimens based on 
pharmacokinetic parameters, and overall provision of more rational 
methods for the selection of guanethidine dosages. 
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Abstract A specific high-performance liquid chromatographic assay 
for hydralazine in human plasma was developed. Plasma hydralazine is 
reacted with 10 p1 of p-anisaldehyde for 7 min at room temperature to 
form hydralazine p-anisaldehyde hydrazone. This derivative is extracted 
into ethyl acetate, and the solvent is removed by evaporation. The residue 
is reconstituted in 100 pl of methanol, and 90 pl is injected onto a re- 
versed-phase column. The mobile phase is 32% acetonitrile in 0.75 M 
acetate buffer, pH 3.4, at a flow rate of 2 ml/min. The retention time of 
hydralazine p-anisaldehyde hydrazone is 6.5 min. The average coefficient 
of variation over 10-200 ng/ml is 5.5%, and the sensitivity limit is 5 ng/ml. 
Under the assay conditions, hydralazine pyruvic acid hydrazone, a known 
plasma metabolite of hydralazine, yields <0.1% hydralazine. Detectable 
plasma hydralazine levels of 5-20 ng/ml were found 10-30 min after a 
0.5-mg/kg oral dose of hydralazine hydrochloride was given to a male 
volunteer. 


Keyphrases Hydralazine-extraction, high-pressure liquid chro- 
matographic assay, human plasma High-pressure liquid chromato- 
graphic assay-hydralazine, human plasma Vasodilators-hydralazine, 
extraction, high-pressure liquid chromatographic assay 


Hydralazine (1-hydrazinophthalazine, I) is a vasodilator 
used for treating hypertension (1). It undergoes extensive 
metabolism in humans, with detectable amounts of 
3-methyl-s-triazolo[3,4-a]phthalazine, phthalazine, 
phthalazinone, 1 -hydrazinophthalazine pyruvic acid hy- 
drazone, 1-hydrazinophthalazine acetone hydrazone, 4- 
hydroxy-1-hydrazinophthalazine, and glucuronides (2-6) 
appearing in urine. 


Previous attempts to assay I included derivatization 
with p-hydroxybenzalde.hyde (7) or p -anisaldehyde ( p  - 
methoxybenzaldehyde) (€9, followed by spectrophoto- 
metric determination or the conversion of I to tetra- 
zolo[l,5-a]phthalazine followed by electron-capture GLC 
analysis (9,lO). All of these techniques are nonspecific in 
that acid-labile hydralazine hydrazones present in plasma, 
such as hydralazine pyruvic acid hydrazone, are hydro- 
lyzed to some extent and detected as I (11). 


This report describes a specific high-pressure liquid 
chromatographic (HPLC) assay for I in human plasma. 


EXPERIMENTAL 


Reagents and Chemicals-Ethyl acetate, acetonitrile, and methanol 


were purchased as glass-distilled solvents. No further processing was 
necessary. Hydralazine hydrochloride’ and p-anisaldehyde2 also were 
used as purchased. Hydralazine pyruvic acid hydrazone and hydralazine 
p-anisaldehyde hydrazone (11) were prepared as described previously 
(5) with the reaction mixture pH maintained at 7.4. The identity and 
purity of the synthesized products were verified by combined GLC-mass 
spectrometry. No by-products or starting materials were detected. 


The absence of I wasconfirmed first by derivatizing samples of each 
synthetic product with bis(trimethylsily1)trifluoroacetamide to form the 
N,N’-di-trimethylsilyl derivative of any I that might be present and then 
subjecting them to CLC-mass spectrometry. To demonstrate that I could 
be detected by this procedure, known amounts of I were added to samples 
of each synthetic product and assayed similarly. By this technique, it was 
demonstrated that the synthetic samples of hydralazine hydrazones 
contained <0.03% I. 


Standard Curve Samples-Fresh human plasma, 1 ml, with eth- 
ylenediaminetetraacetic acid as the anticoagulant and 10 pl of p-anis- 
aldehyde were placed in a 15-ml culture tube fitted with a polytef-lined 
screw cap. An appropriate volume, 0.5-20p1(5-200 ng), of a fresh solution 
of 10 ng of I/pl of 0.1 M potassium phosphate buffer, pH 7.4, was added; 
the contents were mixed by vortexing. 


After standing at room temperature (23’) for 7 rnin to allow formation 
of II,1 ml of 0.1 M potassium phosphate buffer, pH 7.4, and 7 ml of ethyl 
acetate were added. The samples were mixed for 10 min on a reciprocal 
shaker, and the phases were separated by centrifugation at lOOOXg for 
2 min. The ethyl acetate was transferred to a conical tube, and the solvent 
was removed in a gentle nitrogen stream. 


Chromatography-Each extraction residue was mixed with 100 pl 
of methanol, and 90 pl was injected into a high-pressure liquid chroma- 
tograph3 equipped with a reversed-phase column4 (3.9 mm i.d. X 30 cm) 
and a variable-wavelength detector6 set at 365 nm. The mobile phase was 
32% acetonitrile in 0.75 M acetate buffer, pH 3.4, a t  a flow rate of 2 ml/ 
min. 


Derivatization and Extraction-The efficiency of derivatization 
was determined during three analyses by comparing the I1 recovery from 
lOO-ng/ml standard hydralazine samples to the I1 recovery from blank 
plasma samples to which an equimolar concentration (173 ng/ml) of 11 
had been added prior to extraction. Extraction efficiency was evaluated 
during three analyses by comparing the I1 peak height for plasma samples 
to which 173 ng of I1 was added before extraction to the I1 peak height 
for extracts of blank plasma samples to which 173 ng had been added just 
before injection into the liquid chromatograph. 


Specificity-To assure that I does not react with an endogenous 


1 Sigma Chemical Co., St. Louis, Mo. * Eastman.Kodak Co.. Rochester. N.Y. 
3 Model 995, Tracor, Austin, Tex. ‘ pBondapak C18, Waters Associates, Milford, Mass. 


Model 970, Tracor, Austin, Tex. 
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l'he reproducihility o l the  chemical assay (on a day to day basis ) is 
superior to the enzyme assay, as seen by comparing the standard devia- 
tions and coefficients of variance lrom the data obtained from five con- 
secutive test periods. The need for rigid controls of temperature and 
timing and the low reproducihility of the enzyme assay dictate that a 
standard working curve be generated each time numernus samples are 
run. The chemical assay offers a significant improvement in reproduc- 
ibility and requires only an initial standard curve. The chemical assay 
descrihed in this paper offers an easy, inexpensive, and reproducible 
method of determining glycerol in aqueous samples. 
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Abstract 0 The intrinsic clearance of an organ is usually approximated 
I)? the apparent clearance from that organ in the development of a 
physiologically based pharmacokinetic model. In this study, the exact 
relationship between the two clearances was derived and analyzed. When 
the extraction ratio of the drug was small (<0.05), the approximation was 
reasonable. However, when the extraction ratio was high (>0.2), serious 
errors could be made by using the approximation. These errors could be 
as much as 50% reduction in the estimated extraction ratio and as much 
as an order-of-magnitude difference in the intrinsic clearance. 


Keyphrases 0 Pharmacokinetics--drug clearance through an organ, 
estimation 0 Drug clearance-estimation of clearance through an organ, 
pharmacokinetics Antineoplastic agents-estimation of clearance 
through an organ, pharmacokinetics 


In a typical linear physiologically based pharmacokinetic 
model ( l ) ,  the drug concentration in an organ such as the 
kidney is governed by the differential equation: 


v - = Q  dC C -- - K -  C 
dt i p s )  R (Eq. 1) 


where (I and C, are the drug concentrations in the organ 
and plasma (or blood), respectively; V is the physiological 
volume of the organ; Q is the plasma (or blood) flow rate 
through the organ; R is the equilibrium partition coeffi- 
cient for drug distribution between the organ tissue and 
its venous plasma, and the constant K is a clearance term 
for drug elimination from the organ. 


The development of a physiological model for predicting 
drug concentration-time histories requires the estimation 
of V, Q, R, and K .  The parameters V and Q are the physi- 
ological volumes and blood flow rates through the organs 
for the subject to be simulated; R can be estimated from 
animal experiments and calculated according to a recently 
developed method (2). The clearance K is usually assumed 
to be equal to KRPP, the apparent drug clearance from the 
organ. For example, if the organ is the kidney, K is usually 


calculated from: 


K = K a p p  = total urinary excretion/ J m  C ,  d t  (Eq. 2 )  


Several questions can be posed regarding K and its 
significance. What is its physical meaning? Is it equal to 
the apparent drug clearance from the organ? Can it be 
greater than Q, the plasma flow rate through the organ? 
How can K be estimated from experimental data? These 
questions will be discussed in the present paper. 


THEORETICAL 


Without loss of generality, the typical organ to  be studied will he the 
kidney. The total cumulative urinary excretion, U ,  is then given as: 


or: 


u = J' C dt  


(Eq. 3) 


(Eq. 4) 


where T is the urine collection time interval. Chen and Gross (2) showed 
recently that the drug concentration in the organ is related to the plasma 
drug level by: 


QRCp 
Q + K - B V R  


C =  (Eq. 5) 


during the terminal elimination phase after intravenous bolus injection 
and that: 


a t  steady state after a constant-rate infusion. The  parameter @ is the 
apparent elimination rate constant for the  terminal phase after intra- 
venous injection. Therefore, Eq. 4 may be approximated as: 


(Eq. 7)  


for all modes of drug administration if K + Q >> @VH and if the tissue 
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to plasma concentration ratio can be approximated by Eq. 6 during the 
entire study period. 


Comparison of Eq. 7 with the definition of apparent clearance, Kapp, 
given by Eq. 2 yields: 


and: 


(Eq. 8) 


(Eq. 9) 


These equations apply to all organs except the lung where all the venous 
blood from all organs converges. A similar derivation for the lung 


The reason for the difference is based on the definition of Kapp; Kapp is 
defined as the blood (or plasma) volume from which drug is completely 
removed in a unit time. For the other organs, the blood flows from the 
pooled plasma compartment into each individual organ. For the lung, 
the blood exits from the lung compartment into the plasma pool. 


RESULTS AND DISCUSSION 


Equation 8 shows that, as Q increases and approaches infinity, Kapp 
approaches K. It is clear, then, that  K is the true capacity of the organ 
to eliminate the drug. In other words, K is the intrinsic clearance, a 
concept developed for hepatic drug clearance (3). In fact, Eq. 8 reduces 
to the equation for hepatic clearance but is more general and applicable 
to all drug-eliminating organs except the lung. 


In view of Eq. 8, which can be rewritten as: 


the apparent clearance Kapp is always smaller than K or Q. However, 
there will be no upper limit for the intrinsic clearance K. Once the value 


COMMUNICA TlONS 


of Kapp is obtained from experiment wing Eq. 2, K can be calculated from 
Eq. 9 by using the blood flow rate Q through that particular organ. 


The alternative to this approach is to rearrange Eq. 12 to yield: 


where: 


(Eq. 13) 


(Eq. 14) 


is the steady-state extraction ratio, defined as the amount of drug elim- 
inated divided by the amount of drug entering the organ a t  steady state. 
The approximation of K by Kapp is valid only when the extraction ratio 
E is very small ( E  < 0.05). Most anticancer drugs have small E values, 
and this approximation is reasonable. However, when E is high and closer 
to unity, serious error of as much as an order-of-magnitude difference 
in K and as much as 50% in the estimated E may result from the ap- 
proximation of K by KapP Therefore, for drugs that have high hepatic 
extraction ratios such as doxorubicin ( E  = 0.6) ( I ) ,  fluorodeoxyuridine 
( E  = 0.95 - 0.98) (4), and fluorouracil (E = 0.9 in one study (5) and E = 
0.2-0.5 in another (4)], Eq. 9 or 13 always should he used to calculate the 
intrinsic clearance. 
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To the Editor: 
One important purpose of clinical pharmacokinetic 


studies is to obtain mean pharmacokinetic data to be used 
as an initial guide for drug therapy. The apparent volume 
of distribution ( V d )  of a drug is a useful pharmacokinetic 
parameter in the one-compartment open-model system, 
which is often adequate clinically for the characterization 
of drug disposition kinetics (14). For example, the product 
of the mean v d  ( v d )  obtained from several subjects and 


the desired plasma level (cp) of the drug could be equal 
theoretically to the mean priming dose recommended for 
the same type of patient. 


The mean v d  of test subjects has been calculated almost 
exclusively to date by the arithmetic mean method. In this 
method, the individual Vd values ( v d l ,  V ~ Z ,  ..., V d n )  esti- 
mated by various standard or approximate (3) methods are 
added and the sum is divided by the total number of test 
subjects (n). The purposes of this communication are to 
propose a new method for calculating the mean V d  and to 
point out the potential shortcoming of the conventional 
arithmetic mean method in predicting rational dosage 
regimens. 


If the test subjects are representative of the mean pa- 
tient population, one should expect that the recommended 
mean dose ( ' 0 , C p )  when applied to the original test 
subjects should ideally result in an arithmetic mean 
plasma level of all the test subjects exactly equal to the 
originally targeted e,, value. In other words: 
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Abstract a Two cytotoxic saponins were isolated from the acetone ex- 
tracts of the herbal preparation “Yunnan Bai Yao” by column chroma- 
tography. They were identified as 3-1[a-L-rhamnopyranosy1(l~h~ - 
2c1~,)]-[cu-~-arabinofuranosyl(l~,, - 4cl”)j-P-D-glucopyranosyll- 
25(R)-spirost-5-en-3P-ol ( I )  and 3-1[cu-L-rhamnopyranosyl(l~h. - 
4 Ma) -cu-~.-rhamnopyranosyl( 1 Hha -- 4ciU)] - [ cu-~-rhamnopyranosyl( 1 Rha - 2~;~,~]-~-~-glucopyranosyl)-25(R)-spirost-5-en-3~-01 (VI). Both sa- 
ponins exhibited significant cytotoxicity in the standard P-388, L-1210, 
and 9KH tissue culture screens. 


Keyphrases Folk medicine-Yunnan Bai Yao, Chinese herbal, cy- 
totoxir activity of isolated saponins 0 Yunnan Bai Yao-analysis, cy- 
totoxic saponins, Chinese herbal Antineoplastic agents, potential- 
Yunnan Rai Yao, Chinese herbal, cytotoxic activity of isolated saponins 
D Hemostatic agents-Yunnan Rai Yao, cytotoxic activity of isolated 
saponins, Chinese herbal 


The Chinese herbal preparation “Yunnan Bai Yao” was 
formulated with indigenous medicinal plants about 50 
years ago in the Yunnan province. This powdered herbal 
mixture has been used primarily as a hemostatic agent and 
gained wide acceptance during the Sino-Japanese War 
(1937-1945) (1). Claims regarding i t s  efficacy in promoting 
wound healing and relieving pain also have been made. 


In recent years, rumors have circulated among the 
overseas Chinese that Yunnan Bai Yao could be used in 
cancer therapy (2). Since extracts of Yunnan Bai Yao ex- 
hibited a confirmed level of activity (3-5) in the National 
Cancer Institute’s P-388, L-1210, and 9KB tissue culture 
screens, the cytotoxic components of this herbal prepa- 
ration were of interest. 


EXPERIMENTAL 


Melting points were determined in open capillary tubes’ and are un- 
corrected. Optical rotations were measured with a polarimeter*. NMR 
spectra3 were determined in deuterochloroform containing tetrameth- 
ylsilane as the internal standard. Mass spectra4 were recorded a t  an 
ionizing voltage of 70 ev. Descending paper chromatography was carried 
out on Whatman No. 1 paper, which was developed for 48 hr in n-buta- 
nol-ethanol-water (4:1:5, upper phase). Sugars were visualized with al- 
kaline silver nitrate spray. 


Silica gel5 was used for column chromatography. A gas chromatograph6, 
equipped with a 3.66-m column (2.16 mm i.d.) of 5% SE-30on Chromo- 
sorb and operated a t  190”, was used for the separation of trimethylsilyl 
ethers (6) of the sugars. The carrier nitrogen gas flow was 40 ml/min. For 
the separation of methylated and partially methylated methyl glycosides, 
,a 1.83-m column of 15% butanediol succinate (7) on Chromosorh W-AW 
(2.16 mm i.d.) at  175” was used instead. Monoglucoside and maltoside 
of 25(R)-spirost-5-en-3P-ol(II) were prepared by known methods (8). 


Herbal Preparation of Yunnan Bai Yao-C~mmercially~ available 


I Thomas-Hoover apparatus. * Perkin-Elmer model 241. 
Varian model EM-390. 
AEI MS-9. 
MN,-Kieselgel, 70-270 mesh ASTM. 


li Varian Aerograph model 1860-1. ’ Manufactured in Kuming, Yunnan, China, and purchased in Hnng Kong. 


OH 
I: R, = H, R2 = H O C U  


I 


111: R, = CHI, RL = 


IV: R, = R2 = H 
V: R, = Rz = C H I  


VI: R, = H, RL = &f- 
HO 


H,CO OCH, 


VII: Rl = CHI, HL = HICO ab- 
CH ,O 


V111. R, = C H .  R, = H 
.. 


HO H I1 
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Yunnan Bai Yao was used. The preparation and its chemical constituents 
were described previously (2). 


Fractionation and Isolation of I and VI (Scheme 1)-A total of 1.3 
kg of Yunnan Bai Yao was extracted successively with 10 liters of benzene 
for 24 hr, followed by 10 liters of acetone for 48 hr. After solvent evapo- 
ration in uacuo, 31 g of cytotoxic residue was obtained from the acetone 
extract. This residue (31 g) was chromatographed on a silica gel (2-kg) 
column (72 X 9.4 cm). The column was eluted with chloroform-metha- 
nol-water (6525:lO). and 900-ml fractions were collected. After solvent 
evaporation in uacuo from fractions 11-16,5.15 g of a white solid was 
obtained. Crystallization from 95% ethanol afforded pure 3 - ( [ a - ~ -  
rhamnopyranosyl(lRh, - 2c1~)]-[(y-~-arabinofuranosyI(l~,, - 4clU)l- 
~-D-glucopyranosy~~-25(R)-spirost-5-en-3~-0~ (I), mp 242-248'; [a12 
-1 18.6' (c, 0.51, methanol); IR (KBr): 3550-3110,981,912,894, and 862 
cm-'. 


Anal.-Calc. for C44H7001~2H20: C, 59.32; H, 8.31. Found: C, 59.55; 
H, 8.39. 


Fractions 24-33 were combined to afford 2.57 g of 3-([a-~-rhamno- 
pyranosyl(1Rh. - 4~h,)-a-~-rharnnopyranosyl(l~h, - 4 ~ 1 J ] - [ a - ~ -  
rhamnopyranosyl(1Rh. - 2~~u)]-~-D-g~ucopyranosy~~-25(R)-sp~rost- 
5-en-3/3-01 (VI), mp 203-210'; [a]g -110' (c, 0.50, 95% ethanol); IR 
(KBr): 3600-3100,976,908,890, and 860 cm-*. 


Anal.-Calc. for C51H8202~4H20: C, 56.35; H, 8.28. Found: C, 56.50; 
H, 8.42. 


Hydrolysis of I-The saponin I (100 mg) was heated with 2 N HzS04 
(4 ml) and dioxane (2 ml) a t  100' for 10 hr. I t  was then diluted with 75 
ml of water, and the mixture was extracted with ethyl acetate (4 X 75 ml). 
The organic layer was washed successively with sodium bicarbonate so- 
lution and water. After drying over sodium sulfate, the solvent was 
evaporated in uacuo to give 42 mg of 11, mp 205-206'; (a1206 -115.7' (c, 
0.53, chloroform). 


The aqueous portion of the hydrolysate was neutralized with anion- 
exchange resins (carbonate form). After filtration and evaporation, a 
syrup resulted (52 mg); paper chromatography demonstrated spots 
corresponding to D-glucose, L-arabinose, and L-rhamnose. The identi- 
fication of these sugars was further confirmed by reacting 5 mg each of 
the sugars with hexamethyldisilazane (0.4 ml) and trimethylsilyl chloride 
(0.2 ml) in pyridine (0.5 ml). After removal of the pyridine in uacuo, a 
hexane solution of the silylated sugars was subjected to GLC analyses. 


Methylation of I (9)-Sodium hydride (500 mg, washed three times 
with hexane) in 40 ml of dimethyl sulfoxide was heated at 70' for 30 min 
under nitrogen with stirring. A solution of 500 mg of I in 25 ml of dimethyl 
sulfoxide was added. After stirring for 30 min, methyliodide (10 ml) was 
added. After stirring for 60 min, the reaction mixture was diluted with 
400 ml of water and extracted with ether (4 X 100 ml). 


The ethereal extract was washed with water (6 X 100 ml), dried over 
sodium sulfate, and evaporated to dtyness to yield 504 mg of crude 111. 
This procedure was repeated three times to obtain 497 mg of 111, mp 
159-161'; [a]g - 92.5' (c, 1.03, chloroform). 


Methanolysis of I11 (7)-After 350 mg of I11 was refluxed with 
methanolic hydrogen chloride (3 N, 75 ml) for 10 hr, the mixture was kept 
overnight at  25O and then evaporated in uacuo. Anhydrous methanol (100 
ml) was added and again evaporated. After the addition of 75 ml of water, 
the aqueous layer was neutralized with anion-exchange resin (carbonate 
form) and then evaporated to yield 170 g of mixed methyl glycosides, 
which was subjected to GLC. 


The methyl glycosides also were separated by column (2 X 23.5 cm) 
chromatography on silica gel (20 g). The column was eluted with a gra- 
dient system consisting of 200 ml of chloroform-methanol (99.5:0.5) in 
the mixing flask and 200 ml of chloroform-methanol (982) in the reser- 
voir flask, and 10-ml fractions were collected. Fractions 12-16 afforded 
41 mg of methyl 2,3,4-tri-0-methyl-1.-rhamnopyranoside (IIIa). Fractions 
18-29 gave 36 mg of methyl 2,3,5-tri-O-methyl-~-arabinofuranoside 
(IIIb). Fractions 37-48 yielded 42 mg of methyl 3,6-di-O-methyl-D-glu- 
copyranoside (IIIc). These methyl glycosides were identified by mass 
spectral analyses (10). 


Partial Hydrolysis of I-After 250 mg of I was heated with 10 ml of 
dioxane and 20 ml of 2 N HzS04 a t  75' for 1 hr, the mixture was diluted 
with 30 ml of water and neutralized with anion-exchange resin (carbonate 
form). The mixture was then filtered through a bed of Dowex 1 X 4 resin 
(carbonate form). The resin was washed successively with 200 ml of 
methanol followed by 200 ml of methanol-chloroform (1:l). 


The filtrate and the washings were combined and evaporated in uacuo 
to yield 246 mg of residue, which was chromatographed on a silica gel (65 
g) column (2.2 X 36.5 cm). The column was eluted with chloroform- 
methanol-water (65:2510, organic phase), and 4-ml fractions were col- 
lected. Fractions 22-27 afforded 28 mg of 3-[8-D-ghcopyranosy1]- 


Table  I-Calculated and  Experimental  Molecular Rotations of 
Glycosides 


Glycoside 


3-[8-D-GhcopyranosyIj -25(R)-spirost-5- -572 -656 


3-[a-~-Rhamnop ranosyl(1 - 2)-/3-~- -889 -853 


3-~a-~-Rhamnopyranosylf!i - 2 ) ] - [ a - ~ -  -1034 -1064 


en-38-01 


lucopyranosyl~-25(R)-s irost-5-en-38-ol 


arabinofuranosyl(1 - 4)]-8-D- 
aluco~vranosvll-25(R)-s~irost-5-en-3~-ol 


25(R)-spirost-5-en-38-01 (IV), mp 246-251'. [a]$5 -87.9' (c, 0.52, 
methanol). Fractions 43-61 gave 120 mg of the prosapogenin (IV), mp 
215' dec.; [ a ]g  -98.4' (c, 0.51, methanol). 


Permethylation of IV-With the same procedure as described for 
the methylation of I, 120 mg of IV afforded 123 mg of crude V. Purifica- 
tion by column chromatography yielded 8.6 mg of pure V, mp 97-100'; 
[a]g-l01.5' (c, 0.8, chloroform). 


Methanolysis of V-After 70 mg of V was treated with 30 ml of 2 N 
methanolic hydrogen chloride, the procedure used was the same as that 
described for 111. A total of 30 mg of methyl glycoside was obtained, which 
was chromatographed on a silica gel (3-g) column (0.5 X 16.5 cm). The 
column was eluted with benzene-ethyl acetate (7:3), and 3-ml fractions 
were collected. Fractions 27-29 gave 8 mg of IIIa, and fractions 49-56 
afforded 7.6 mg of methyl 3,4,6-tri-O-methyl-~-glucopyranoside (Va). 


Hydrolysis of VI-Hydrolysis of VI (100 mg), carried out in the same 
manner as for I, yielded 39 mg of 11. The sugars were identified by paper 
chromatography as L-rhamnose and D-glucose. 


Methylation of VI-Following the methylation procedure for I, 750 
mg of VI afforded 703 mg of VII, mp 116-118'; [a]:: -86' (c, 1.0, chlo- 
roform). 


Methanolysis of VII-A mixture of 259 mg of methyl glycosides was 
obtained from methanolysis of 470 mg of VII. These glycosides were 
analyzed by GLC and further separated by column chromatography on 
silica gel with the same solvent system as described for the isolation of 
methyl glycosides from 111. Fractions 13-19 gave 70 mg of IIIa, fractions 
23-31 afforded 52 mg of methyl 2,3-di-0-methyl-~-rhamnopyranoside 
(VIIa), and fractions 38-45 yielded 48 mg of IIIc. 


Par t ia l  Hydrolysis of VII-After 190 mg of VII was refluxed with 
0.5 N HCI in 40 ml of methanol for 3 hr, the mixture was evaporated, and 
50 ml of water was added. The mixture was extracted with ethyl acetate 
(4 X 30 ml), and the ethyl acetate layer was washed with water, dried over 
sodium sulfate, and evaporated to yield 98 mg of residue. This residue 
was subjected to preparative TLC (20 X 20 cm, Kieselgel60 F-256) using 
chloroform-acetone (85:15) as the solvent system. Compound VIII (Rf 
0.46) was isolated and, upon methylation, yielded V. 


RESULTS A N D  DISCUSSION 


Acid hydrolysis of the saponin I afforded 11, D-ghcose, L-rhamnose, 
and 1.-arabinose. GLC analyses of the trimethylsilyl derivatives of these 
sugars revealed that they were present in a 1:l:l ratio. The mass spectrum 
of I showed prominent peaks at  m/e 133,147,414,576, and 722. The peaks 
a t  m/e 133 and 147 correspond to  arabinosyl and rhamnosyl ions, re- 
spectively, suggesting that these sugars are present in I as terminal units 
in branched chain fashion. 


The ion a t  m/e 722 was derived from M+ uia a H-trapsfer from the 
arabinosyl group, accompanied by its concomitant elimination (Scheme 
I). In turn, the ion a t  mle 576 originated from the ion a t  m/e 722 by a 
similar H-transfer from the terminal rhamnosyl group, accompanied by 
its elimination. The ion a t  m/e 414 was formed from the ion with m/e 576 
by a H-transfer from the glucosyl group, followed by its elimination (11, 
12), indicating that glucose was directly attached to the aglycone. 


This proposed branched sugar sequence was further substantiated by 
the mass spectrum of the permethylated derivative ( I I I ) ,  which gave 
prominent peaks a t  m/e 175 and 189, corresponding to terminal tr i-0- 
methylarabinosyl and tri-0-methylrhamnosyl ions. The peak at  m/e 435 
may be rationalized by assuming that the terminal tri-0-methylrham- 
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Table 11-Cytotoxic Activity of Na tu ra l  and Synthetic 
Saponins * 


EDMI, pg/ml 
Glycoside P-388 L-1210 KB 


I 0.94 0.14 0.16 
VI 0.22 0.43 0.029 
Synthetic 3-[glucosyl]-25(R)-spirost- 23.9 65.7 12 


5-en-3/3-01 
Synthetic 3- [ maltosyl] -25(R)-spirost- 30.8 58.9 29 


5-en-3B-ol 


0 For the P-388 and L-1210 tissue cultures, 1-(2-chloroethyl)-3-(4-methylcy- 
clohexy1)-1-nitrosourea (NSC 95441) was used as the positive control compound, 
tested at 10,5,2.5,1.25, and 0.625 pg/ml. For synthetic compounds, an ED60 value 
of 5 4 pcg/ml is considered to be significant cytotoxic activity. For the KB tissue 
culture test system, mercaptopurine monohydrate was used as the standard. 


r~ 


nosy1 and tri-0-methylarabinosyl groups are attached to the C-2’ and 
c-4’ positions of the D-glucose moiety. 


CH2OCH.i CH,OCH, 
I 


Q- Ri 
m/e 435 


0-R, 


R, = tri-0-methyl-L-arabinosyl 
R, = tri-0-methyl-L-rhamnosyl 


The position of the sugar linkage was established by GLC analyses (7) 
of the methyl glycosides derived from methanolysis of 111, which showed 
the presence of IIIa-IIIc. The identification of these methyl glycosides 
was made by comparison of their GLC retention times and mass spectra 
(10) with samples synthesized by published procedures (13,141. These I 


results were consistent with the supposition that rhamnose is attached 
to either the C-2’ or C-4’ position of glucose. 


OH 
Illa IIIb IIIc 


OH 
Va 


The exact locations of the sugar linkages in I were deduced by the 
partial acid hydrolysis of I, which afforded 3-~-D-gh1copyranosy1]- 
25(R)-spirost-5-en-3/3-01 and the prosapogenin IV. Paper chromato- 
graphic analysis of the sugars in the acid hydrolysate of IV showed only 
D-glucose and L-rhamnose, indicating that L-arabinose had been cleaved 
off during the partial hydrolysis of I. Permethylation of IV afforded V. 
Methanolysis of V gave two methyl glycosides, which were separated by 
column chromatography and characterized as IIIa and, more importantly, 
Va. This identification was accomplished by comparison of GLC reten- 
tion times and mass spectral data with synthetic samples prepared by 
published procedures (10). 


These experimental data can only be interpreted to mean that rham- 
nose is attached to the glucose C-2’ position. Hence, the arabinosyl unit 
must be attached to the glucose (2-4’ in I. 


With the sugar linkage sites established, the stereochemistry of the 
glycosidic linkages in I was then studied. The NMR spectrum of V showed 
signals at 4.26 (d, 1H, J = 7 Hz) and 5.15 (9, 1H) ppm. The former signal 
corresponds to the axial anomeric proton of the tri-0-methyl-D-gluco- 
pyranosyl moiety, and the latter corresponds to the equatorial anomeric 
proton of the tri-0-methyl-L-rhamnopyranosyl moiety. Thus, D-glucose 
is linked to I1 uia a /3-glycosidic bond, whereas L-rhamnose is linked to 
D-glucose uia an a-glycosidic linkage. 


The NMR spectrum of 111 exhibited signals a t  4.36 (d, lH,  J = 7 Hz), 
5.15 (s, lH),  and 5.18 (s, lH) ppm. The signal a t  5.15 ppm is characteristic 
of the equatorial anomeric proton in the tri-0-methyl-L-arabinosyl 
moiety, confirming that L-arabinose is attached to C-4’ of the D-glucose 
unit via an a-glycosidic linkage. The calculated and experimental mo- 
lecular rotation values (16) for IV and I are in good agreement (Table I), 
further substantiating the stereochemical assignment. 


Hydrolysis of the saponin VI afforded 11, D-glucose, and L-rhamnose. 
CLC analyses of the trimethylsilyl derivatives of these sugars revealed 
that D-glucose and L-rhamnose were present in a 1:3 ratio. The mass 
spectrum of VI showed prominent peaks a t  m/e 147,414,576, and 722. 
The ions a t  m/e 414 and 576 indicated that D-glucose was linked directly 
to I1 as 3L-rhamnose-D-glucose-11. 


Methanolysis of the permethylated derivative VII gave three types of 
methyl sugars, which were identified as IIIa, methyl 2,3-di-O-rnethyl- 
L-rhamnopyranoside (VIIa), and IIIc. Thus, VII may be represented by 
one of the following structures. 


CH,OCH, CH,OCH, 


OR: 
m/e 623 


bR, 


R,  = tri-0-methyl-L-rhamnopyranosyl 
R, = tri-0-methyl-L-rhamnopyranosyl( 1-4)-di-O-methyl-L- 


The mass spectrum of VII gave prominent ions a t  n / e  189,363, and 
623, in accord with this assignment. The peak a t  m/e 189 may be ra- 
tionalized in terms of the two terminal tri-0-methyl-1.-rhamnopyranosyl 
units; the ion at m/e 363 corresponds to the tri-0-methyl-L-rhamnopy- 
ranosyl(1 - 4)-di-O-methyl-~-rhamnopyranosyl ion. The ion at m/e 
623 strongly suggests C-2’ and C-4‘ substitutions of the n-gluctwyl unit. 


rhamnopyranosyl 


CH 6 bCH, 


CH,O OCH, 
m/e 363 
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Partial acid hydrolysis of VII afforded VIII, whose mass spectrum gave 
prominent ions a t  m/e 189,379 and 796 (M+), indicating that a tri-0- 
methyl-I.-rhamnopyranosyl(1 - 4)-di-O-methyl-~-rhamnopyranosyl 
group was cleaved during hydrolysis. Since methylation of VIII afforded 
V, one may logically conclude that the L-rhamnopyranosyl( 1 - 4 ) - ~ -  
rhamnopyranosyl group must be attached to C-4' and that the L-rham- 
nopyranosyl group may be attached to (2-2' of the D-glucopyranosyl 
moiety of VII. 


The NMR spectrum of VII showed a douhlet at  4.4 ppm (IH, J = 7 Hz) 
and two broad singlets at 5.03 (1H) and 5.21 (2H) ppm. The doublet 
corresponds to the axial anomeric proton of D-glucose, and the singlets 
correspond to the equatorial anomeric protons of the three L-rhamnose 
units. Thus, the D-glucose unit is attached to I1 uia a P-glycosidic linkage 
and to the three L-rhamnose residues oia cu-glycosidic bonds, and the 
chemical structure of this tetraglycoside is represented by VI. 


The cytotoxic activities of I and VI are shown in Table 11. Both sapo- 
nins were quite effective against P-388, L-1210, and 9KB tissue culture 
systems. To demonstrate that this cytotoxic activity is not simply due 
to a detergent effect, glucoside and maltoside of I1 were prepared and 
evaluated in these test systems. Since both synthetic saponins were much 
less active, it appears that  some unique structural features are required 
for optimal cytotoxic activity. 


Extracts of Dioscorea have been widely used for the treatment of a 
variety of tumors in China, India, South America, and Southeast Asia 
(17). After completion of these studies, i t  was noted that I and VI had 
been isolated from the dried rhizomes of Paris polyphylla SM. obtained 
in a market of Katmandu, Nepal (18). 
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Abstract  0 Biphenylalkyl monoesters of' succinic and related acids 
represent a potent new class of cyclic AMP phosphodiesterase inhibitors. 
The biphenyl group is necessary for potent inhibition. The spatial rela- 
tionship of the carhoxyl and ester groups and alkyl chain length are im- 
portant to inhibitory potency. 


Keyphrases 0 Succinic acid biphenylalkyl rnonoesters-phosphodi- 
esterase inhibition, synthesis, structure-activity relationships 0 Cyclic 
AMP phosphodiesterase-inhibitors, succinic acid hiphenylalkyl mo- 
noesters, synthesis, structure-activity relationships Phosphodiesterase 
inhibitors-succinic acid hiphenylalkyl monoesters, synthesis, struc- 
ture-activity relationships 


Tissue cyclic AMP levels appear to be regulated by two 
enzymes, adenylate cyclase and phosphodiesterase, and 
by cellular extrusion. Phosphodiesterase catalyzes the 
hydrolysis of cyclic AMP to 5'-AMP. Because phospho- 
diesterase inhibitors can increase tissue cyclic AMP levels, 
these compounds are of interest as biochemical tools and 
as potential therapeutic agents (1-3). 


Most potent cyclic AMP phosphodiesterase inhibitors 
are nitrogen-containing heterocycles, i . ~ . ,  theophylline, 
:3-isobutyl-l-methylxanthine, papaverine, and 4-(3-bu- 
toxy-4-methoxypheny1)-2-imida~olidinone~, and most 
contain either a 6,5- or 6,e-fused heterocyclic ring (4-6). 
Only a few reports described the effects of organic acids 
on phosphodiesterase. Citrate a t  high concentrations (12 
mM) inhibited the enzyme (7). Ethacrynic acid was re- 
ported to be one-half as potent as theophylline against the 
enzyme from beef heart (8). Recently, acidic anti-inflam- 
matory agents were reported to inhibit phosphodiesterase 
(9-1 1). Enzyme activation by the lipoidal organic acid, 
stearic acid, was observed (121, as was inhibition by un- 
saturated fatty acids (13). 


1-(4-Riphenylyl)pentyl hydrogen succinate is a hypo- 
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compounds listed in Table I1 were screened uersus the G46 strain of S. 
typhimurium, except for Ia, Ib, Ie, If, Vb, Vc, VIIa-VIIc, and VIIIc, 
which were assessed against the ATCC 13311 microorganism. 


Evaluation of IIb against thymidylate synthetase and dihydrofolate 
reductase was done according to a literature method (34). 
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Abstract A new colorimetric method for glycyrrhizin in licorice and 
drug preparations is given. The method is based on coupling the acidic 
genin, glycyrrhetinic acid, with methylene blue and measuring the ex- 
tinction of the coupled compound solution in chloroform-alcohol. 


Keyphrases Glycyrrhizin-analysis, methylene blue colorimetry 
Antiulcerogenic agents-glycyrrhizin, methylene blue colorimetric 
analysis Colorimetry-analysis, glycyrrhizin, methylene blue 
Methylene blue-analysis, glycyrrhizin 


Licorice, the root and subterranean stem of different 
varieties of Glycyrrhiza glabra, has long been used in 
medicine. The drug and some of its preparations are offi- 
cial in many pharmacopoeias. Besides being a valuable 
flavoring and sweetening agent, the drug has demulcent, 
expectorant, and antispasmodic action. Recently, it was 
shown to be effective in gastric ulcer treatment and to have 
a cortisone-like action in rheumatic arthritis and other 


inflammatory diseases (1-3). These activities are due to 
the active constituent glycyrrhizin, which is the calcium 
and potassium salt of glycyrrhizic acid; the latter is the 
diglucopyranosiduronic acid of the pentacyclic triterpe- 
noid sapogenin, P-glycyrrhetinic acid. Simple derivatives 
of 0-glycyrrhetinic acid such as the disodium salt of car- 
benoxolone have been used extensively in gastric ulcer 
treatment (4). 


BACKGROUND 


Glycyrrhizin has been estimated by gravimetric assays of variable 
weighing forms (5-7); volumetric assays such as direct titration of gly- 
cyrrhizic acid, glycyrrhetinic acid, or their salts (6,8); colorimetric assays 
(6,9-12); and colorimetric and spectrophotometric determination after 
chromatographic separation (13-18). 


The reported glycyrrhizin content of licorice has varied greatly. Some 
investigators attributed this variation to the different analytical methods 
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utilized; they considered the figure given in the BPC 1963 (2%) to be low 
and favored the higher figure given in the later edition (7%) on the basis 
of good agreement with the 6-13% found by Houseman (5). However, 
recent reports criticized these high figures and showed most early 
gravimetric and colorimetric methods to be extremely nonspecific (4,6), 
producing results that are appreciably higher than the true value. 


Killacky et al. (4) criticized earlier colorimetric methods that rely on 
the reaction between 8-glycyrrhetinic acid and vanillin-sulfuric acid as 
well as spectrophotometric methods that rely on UV absorption a t  248 
nm on the basis of the nonspecificity of the aromatic aldehyde-sulfuric 
acid color reaction. The numerous flavonoids, coumarins, and polyphe- 
nolic derivatives present in licorice extracts would absorb at 248 nm and 
are difficult to eliminate. 


Some methods for the determination of glycyrrhizin and 8-glycyr- 
rhetinic acid were reported recently. These methods attempted chro- 
matographic separation of the active principle by reversed-phase high- 
pressure liquid chromatography (HPLC) (4), ion-exchange HPLC (191, 
rod TLC (20), or GLC (21,221. 


A simple, specific method for glycyrrhizin estimation was developed 
through direct coupling of the acidic genin, 8-glycyrrhetinic acid, with 
a basic dye, methylene blue. 


EXPERIMENTAL 


Instrument-A spectrocolorimeter’ was used. 
Material-One batch of powdered licorice2, two batches of licorice3 


liquid extract, and one batch of glycyrrhizin flakes4 were used. 
Reagents-Aqueous methylene blue5 (0.1%), chloroformic glycyr- 


rhetinic acid reference6 solution (5 mg/100 ml), and citrate- 
phosphate-borate-hydrochloride buffer7 (Teorell and Stenhagen buffer) 
were prepared. 


Determination of Optimum Coupling Conditions-Aliquots (20 
ml) of reference glycyrrhetinic acid solution were shaken separately with 
1 ml of dye solution and 20 ml of pH 6-12 buffer solution (Fig. 1). Solu- 
tions were shaken continuously for 1 min and set aside for 5 min. The 
chloroform layer was decanted into a 50-ml measuring flask. 


The coupled compound was completely extracted by reshaking with 
an additional 10 and 5 ml of chloroform. The mixed chloroform extract 
was diluted to volume with ethanol, and the extinction of the chloro- 
form-ethanol solution was measured at 640 nm (Fig. 1). The extractibility 
of the free dye was determined in a similar manner from blank experi- 
ments at the same pH values (Fig. 1). 


Obedience to Beer’s Law-Aliquots of glycyrrhetinic acid reference 
solution, corresponding to 0.05-1 mg of glycyrrhetinic acid, were coupled 
with methylene blue as described. Two series of experiments were at- 
tempted at pH 9.2 and 8.4. However, the extinction was measured in 
chloroform-ethanol (4:6). A linear relationship was maintained at  both 
pH values (slopes of 0.21 and 0.14, respectively). 


Molar Ratio of Coupled Compound-Eleven different coupling 
experiments were attempted with glycyrrhetinic acid aliquota ranging 
from 1 to 9 g-mole X They were coupled, a t  pH 9.2, with aliquots 
ranging from 9 to 1 g-mole X of methylene blue, respectively (Fig. 
2). 


Assay-For powdered licorice, 1.0 g was refluxed four times for 15 min 
with four successive 15-ml portions of 70% ethanol. Each portion was 
decanted and filtered through the same filter paper. The alcohol was 
evaporated, 20 ml of warm water was added, and the procedure was 
completed as described for the liquid extract, starting with “After 
cooling, 5 ml of ethanol.. . . ” 


For the liquid extract and flakes, 1.0 g, accurately weighed, of the liquid 
extract (or 0.25 g of flakes) was dissolved with 20 ml of boiling water. After 
complete dissolution, the mixture was transferred into a separator, the 
flask was washed with two 10-ml portions of boiling water, and the 
washings were added to the original mixture in the separator. After 
cooling, 5 ml of ethanol and 1 ml of 6 N HzS04 were added; then the 
mixture was shaken very gently with successive portions of 20,20, and 
10 ml of chloroform. Each chloroform fraction was separated as com- 
pletely as possible, taking care not to pass down any precipitated matter 
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6 Merck. 
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Figure 1-Extractibility of methylene blue (A) and glycyrrhetinic 
acid-methylene blue coupled compound (0) a t  different p H  values. 


or emulsion at the interphase. The chloroform extracts were dis- 
carded. 


The aqueous phase with any suspended insoluble matter was quanti- 
tatively transferred into a boiling flask, using 5 ml of distilled water to 
wash off any clinging matter on the separator walls. Ten milliliters of 6 
N H2SO4 was added, and the mixture was heated on a boiling water bath 
for 75 min. 


The hydrolyzed mixture was transferred quantitatively, while hot, into 
a separator, and the flask was washed with 5 ml of distilled water. The 
aqueous acid solution was extracted with four 20-ml and one 10-ml por- 
tions of chloroform. Each chloroform fraction was filtered through a small 
piece of cotton surmounted by 2 g of anhydrous sodium sulfate. The 
chloroform filtrate was collected into a 100-ml measuring flask, and the 
volume was completed with chloroform. 


Coupling Experiments-A 10-ml aliquot was transferred into a 
separator containing 20 ml of pH 9.2 buffer solution, 2 ml of dye solution, 
and 10 ml of chloroform. The mixture waa shaken continuously for 1 min. 
(After separation of the two phases, the aqueous phase must be blue in 
color. If it has a greenish or yellow color, additional 1-ml aliqpots of the 
dye solution must be added and the mixture must be reshaken.) The 
khloroform layer was separated into another separator containing 5 ml 
of pH 9.2 buffer. Then the mixture was shaken and, after complete sep- 
aration, the chloroform layer was separated into a 100-ml measuring flask 
(without filtration or dehydration). 


The contents of the first and second separators were reextracted with 
lo-, 5-, and 5-ml portions of chloroform in the same manner, and the 
combined chloroform extract in the measuring flask was completed to 
volume with ethanol. 


A standard solution was prepared according to the same coupling 
procedure but with 10 ml of reference glycyrrhetinic acid solution instead 
of the 10-ml sample aliquot. 


The extinctions of the test and standard solutions were measured at  
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Table I-Glwsrrhizin Content of Certain PreDarations 


Original 
C o i ; ~ y t i o n  A Enriched Preparation 


Glycyrrhe- Glycyr- Glycyrrhe- Glycyrrhe- 
dd d Found 


tinic rhizin, tinic tinic Error, 
Sample Acid, % % Acid, mg Acid, mg % 


Liquid extracta 1.534 2.7 5.626 5.753 +2.26 
Liquid extractb 0.649 1.14 5.138 5.227 +1.73 
Powdered licorice 0.835 1.46 1.285 1.348 +4.9 
Glvcvrrhizin flakesa 8.21 14.37 6.779 6.901 +1.8 
_ _ _ _ ~ ~ _ _ _ _  ~~ ~ 


CID Laboratories. Memphis Chemical Co. 


640 nm against a blank prepared at  the same time by the same coupling 
procedure but with 10 ml of chloroform instead of the sample aliquot. 


The glycyrrhizin percentage in the assayed preparation was calculated 
using: 


E, X 0.5 X 1.75 
E, X a 


% glycyrrhizin = (Eq. 1) 


where El is the extinction of the test, E, is the extinction of the reference, 
a is the weight taken of the preparation, and 1.75 is the transformation 
factor of glycyrrhetinic acid to glycyrrhizin. 


The reliability of the method was checked by assaying some pharma- 
ceutical preparations before and after enrichment with authentic gly- 
cyrrhetinic acid (Table I). 


DISCUSSION 


Preliminary studies with methylene blue, safranin, brilliant cresyl blue, 
and basic fuchsin indicated that methylene blue was the best for coupling 
with glycyrrhetinic acid. The coupled compound was of comparably high 
extinction. The serious A,, inconsistency of the methylene blue coupled 
compound in chloroform solutions was overcome by measuring the ex- 
tinction in a chloroform-alcohol mixture in which the coupled compound 
showed a consistent A,, at 640 nm. 


The coupled compound was highly extractable with chloroform at  all 
alkaline pH values; however, obedience to Beer’s law was studied only 
at  pH 9.2 and 8.4 rather than at  higher pH values a t  which the free dye 
showed higher extractibility. 


The specificity of the method was proved by resolution of the coupled 
compound (extraction with chloroform from acidic salution). Examina- 
tion of the chloroform solution by TLC (23,241 revealed one principal 
spot corresponding to glycyrrhetinic acid. 


Molar ratio studies proved the coupled compound to be formed from 
three molecules of the acid and one molecule of the basic dye. 


The proposed assay ensures complete glycyrrhizin extraction and 
complete elimination of free acidic constituents such as simple organic 
acids, sugar acids, free glycyrrhetinic acid, and other triterpene acids. 
The procedure also ensures complete glycyrrhizic acid hydrolysis and 
complete extraction of the liberated glycyrrhetinic acid. 


The aliquot technique was followed in the coupling experiment to allow 
for possible repetition of that step. 


The glycyrrhetinic acid recovery (Table I) was calculated to be 
101.7-104.9%. This consistent positive error may be explained by a 
probable slight increase in solubility of the uncoupled dye in higher 
concentrations of the coupled compound (in the case of enriched sam- 
ples). 


The method is simple, rapid, and sensitive. The assay procedure, by 
ensuring complete initial elimination of free acids, renders the method 
specific for the acidic genins in the hydrolysate, which was proved chro- 
matographically to consist principally of 8-glycyrrhetinic acid. 
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Abstract A specific high-performance liquid chromatographic assay 
for hydralazine in human plasma was developed. Plasma hydralazine is 
reacted with 10 p1 of p-anisaldehyde for 7 min at room temperature to 
form hydralazine p-anisaldehyde hydrazone. This derivative is extracted 
into ethyl acetate, and the solvent is removed by evaporation. The residue 
is reconstituted in 100 pl of methanol, and 90 pl is injected onto a re- 
versed-phase column. The mobile phase is 32% acetonitrile in 0.75 M 
acetate buffer, pH 3.4, at a flow rate of 2 ml/min. The retention time of 
hydralazine p-anisaldehyde hydrazone is 6.5 min. The average coefficient 
of variation over 10-200 ng/ml is 5.5%, and the sensitivity limit is 5 ng/ml. 
Under the assay conditions, hydralazine pyruvic acid hydrazone, a known 
plasma metabolite of hydralazine, yields <0.1% hydralazine. Detectable 
plasma hydralazine levels of 5-20 ng/ml were found 10-30 min after a 
0.5-mg/kg oral dose of hydralazine hydrochloride was given to a male 
volunteer. 


Keyphrases Hydralazine-extraction, high-pressure liquid chro- 
matographic assay, human plasma High-pressure liquid chromato- 
graphic assay-hydralazine, human plasma Vasodilators-hydralazine, 
extraction, high-pressure liquid chromatographic assay 


Hydralazine (1-hydrazinophthalazine, I) is a vasodilator 
used for treating hypertension (1). It undergoes extensive 
metabolism in humans, with detectable amounts of 
3-methyl-s-triazolo[3,4-a]phthalazine, phthalazine, 
phthalazinone, 1 -hydrazinophthalazine pyruvic acid hy- 
drazone, 1-hydrazinophthalazine acetone hydrazone, 4- 
hydroxy-1-hydrazinophthalazine, and glucuronides (2-6) 
appearing in urine. 


Previous attempts to assay I included derivatization 
with p-hydroxybenzalde.hyde (7) or p -anisaldehyde ( p  - 
methoxybenzaldehyde) (€9, followed by spectrophoto- 
metric determination or the conversion of I to tetra- 
zolo[l,5-a]phthalazine followed by electron-capture GLC 
analysis (9,lO). All of these techniques are nonspecific in 
that acid-labile hydralazine hydrazones present in plasma, 
such as hydralazine pyruvic acid hydrazone, are hydro- 
lyzed to some extent and detected as I (11). 


This report describes a specific high-pressure liquid 
chromatographic (HPLC) assay for I in human plasma. 


EXPERIMENTAL 


Reagents and Chemicals-Ethyl acetate, acetonitrile, and methanol 


were purchased as glass-distilled solvents. No further processing was 
necessary. Hydralazine hydrochloride’ and p-anisaldehyde2 also were 
used as purchased. Hydralazine pyruvic acid hydrazone and hydralazine 
p-anisaldehyde hydrazone (11) were prepared as described previously 
(5) with the reaction mixture pH maintained at 7.4. The identity and 
purity of the synthesized products were verified by combined GLC-mass 
spectrometry. No by-products or starting materials were detected. 


The absence of I wasconfirmed first by derivatizing samples of each 
synthetic product with bis(trimethylsily1)trifluoroacetamide to form the 
N,N’-di-trimethylsilyl derivative of any I that might be present and then 
subjecting them to CLC-mass spectrometry. To demonstrate that I could 
be detected by this procedure, known amounts of I were added to samples 
of each synthetic product and assayed similarly. By this technique, it was 
demonstrated that the synthetic samples of hydralazine hydrazones 
contained <0.03% I. 


Standard Curve Samples-Fresh human plasma, 1 ml, with eth- 
ylenediaminetetraacetic acid as the anticoagulant and 10 pl of p-anis- 
aldehyde were placed in a 15-ml culture tube fitted with a polytef-lined 
screw cap. An appropriate volume, 0.5-20p1(5-200 ng), of a fresh solution 
of 10 ng of I/pl of 0.1 M potassium phosphate buffer, pH 7.4, was added; 
the contents were mixed by vortexing. 


After standing at room temperature (23’) for 7 rnin to allow formation 
of II,1 ml of 0.1 M potassium phosphate buffer, pH 7.4, and 7 ml of ethyl 
acetate were added. The samples were mixed for 10 min on a reciprocal 
shaker, and the phases were separated by centrifugation at lOOOXg for 
2 min. The ethyl acetate was transferred to a conical tube, and the solvent 
was removed in a gentle nitrogen stream. 


Chromatography-Each extraction residue was mixed with 100 pl 
of methanol, and 90 pl was injected into a high-pressure liquid chroma- 
tograph3 equipped with a reversed-phase column4 (3.9 mm i.d. X 30 cm) 
and a variable-wavelength detector6 set at 365 nm. The mobile phase was 
32% acetonitrile in 0.75 M acetate buffer, pH 3.4, a t  a flow rate of 2 ml/ 
min. 


Derivatization and Extraction-The efficiency of derivatization 
was determined during three analyses by comparing the I1 recovery from 
lOO-ng/ml standard hydralazine samples to the I1 recovery from blank 
plasma samples to which an equimolar concentration (173 ng/ml) of 11 
had been added prior to extraction. Extraction efficiency was evaluated 
during three analyses by comparing the I1 peak height for plasma samples 
to which 173 ng of I1 was added before extraction to the I1 peak height 
for extracts of blank plasma samples to which 173 ng had been added just 
before injection into the liquid chromatograph. 


Specificity-To assure that I does not react with an endogenous 


1 Sigma Chemical Co., St. Louis, Mo. * Eastman.Kodak Co.. Rochester. N.Y. 
3 Model 995, Tracor, Austin, Tex. ‘ pBondapak C18, Waters Associates, Milford, Mass. 


Model 970, Tracor, Austin, Tex. 
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Table I-Intraassay Precision of Hydralazine Assay 


Hydralazine Relative H ydralazine 
Added, Peak Found, 
ng/ml n Height" ng/ml 


10 3 15.3 f 1.53 9.1 
50 4 79.8 2.22 52.7 


100 4 146 * 5.69 97.8 
200 4 298 f 15.5 200 


(I Mean f SD. 


plasma component to yield a substance with a retentton time identical 
to that of II,5 pg of I/ml was added to plasma without p-anisaldehyde 
and taken through the procedure. 


Hydralazine pyruvic acid hydrazone, a metabolite of I found in plasma, 
was added at 20 pg/ml to blank serum containing 10 pl of p-anisaldehyde 
and immediately taken through the assay. 


Precision-Intraassay precision was evaluated by preparing and 
assaying multiple standard samples at 10, 50, 100, and 200 ng/ml. In- 
tersubject differences on a given day were evaluated by preparing lo-, 
50-, and 100-ng/ml standard samples using plasma from three human 
volunteers. Interassay precision was evaluated by comparing the slopes 
and intercepts of standard curves for different days. 


Human Volunteer-A 29-year-old, 66-kg, male volunteer, known to 
be a slow acetylator, was given 33 mg of hydralazime hydrochloride orally. 
Blood samples were obtained at  0,5,10,20,25,30,40,50, and 60 min. 
Blood was drawn into evacuated tubes containing ethylenediamine- 
tetraacetic acid as an anticoagulant. The red cells were separated by 
centrifugation for 5 min at  1OOOXg. 


Plasma, 1 ml, was then added to a culture tube containing 10 pl of p- 
anisaldehyde and vortexed. The interval between the midpoint of blood 
drawing and the mixing of plasma with p-aniealdehyde was kept between 
6.5 and 8.0 min. Unknown samples were thin treated exactly like the 
standard curve samples described earlier. Apparent plasma hydralazine 
levels also were determined by a modified (11) GLC procedure, similar 
to that reported by Jack et al. (9). 


RESULTS 


The retention time for I1 was about 6.5 rnin with the chromatographic 


w 
rn z 


rn 
W 
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1 1 1 1 1 1  
0 2 4 6 8 0  


MINUTES 
-8 


Figure 1-Chromatograms of a derioatized blank plasma sample ( A )  
and of a derioatized standard plasma sample containing 10 ng of I (B).  
The arrows indicate the retention time of II .  The peak at 3.5 min in B 
appeared sporadically and was not related to the presence of I .  


Table 11-Plasma Hydralazine Levels in a Human Volunteer 
af ter  Oral Administration of 0.5 mg/kg 


Unchanged 
Hydralazine Hydralazine 


Concentration, Concentration, 


Apparent 


Minutes ndmla ndmlb 
I I 


5 
10 
20 ~. 


25 
30 


~~ 


<5.0 
14.4 
19.6 
11.5 
11.2 


50 
210 
250 
240 
227 


40 <5.0 195 
50 <5.0 172 
60 <5.0 150 


4 Determined by described HPLC procedure. Concentration was at  6.54 rnin 
after blood drawing. Sensitivit limit was 5.0 ng/ml. * Determined by a modification 
(11) of a commonly used GLZprocedure (9). 


conditions used. Occasional adjustment of the acetonitrile concentration 
between 31 and 33% was necessary to  obtain optimal separation of the 
I1 peak from an extraneous peak (Fig. 1). Maximum sensitivity was 3-5 
ng/ml, depending on column age. 


Derivatization efficiency was 91.2 & 7.8% (n = 3), while extraction 
recovery was 80.4 & 9.3% ( n  = 3). These determinations were performed 
on 3 days. 


After addition of hydralazine pyruvic acid hydrazone, 20 pg/ml, to 
blank plasma standards, there was only 8 ng of I/ml(O.O6 mole %). Ad- 
dition of I, 5 pg/ml, to plasma without p-anisaldehyde did not yield 
chromatographic peaks under the described conditions. 


The resulta of the intraassay precision study are shown in Table I. The 
mean coefficient of variation was 5.5%. There were no differences in the 
coefficients of variation of lo-, 50-, and 100-ng/ml standards prepared 
in plasma from three volunteers. However, the slope and intercept of the 
standard curve varied somewhat from day to day: slope, 1.28 f 0.135; and 
intercept, 0.15 f 3.97 (mean f SD).  A daily standard curve was assayed 
with each set of unknowns. 


Unchanged I could be detected transiently in the plasma of the human 
volunteer after an oral hydralazine hydrochloride dose of 0.5 mg/kg 
(Table 11). The values obtained for apparent hydralazine using the GLC 
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Figure 2-Chromatogram 
of a derioatized plasma 
sample obtained 10 min 
after an oral dose of hy- 
dralazine hydrochloride, 
0.5 mglkg, to a human Val- 
unteer. The arrow indi- 
cates the retention time of 
I I .  
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procedure were considerably higher (Table 11). The high-pressure liquid 
chromatogram of the 10-min sample is shown in Fig. 2. 


DISCUSSION 


The spectrophotometric assays that were used previously to measure 
the p-hydroxybenzaldehyde (7) or p-anisaldehyde (8) derivatives of I 
are nonspecific. These procedures used heat and acid catalysis to form 
the hydrazone derivatives of I in plasma. Under these conditions, acid- 
labile hydrazones of I, such as hydralazine pyruvic acid hydrazone, break 
down to I (10). Likewise, the GLC procedure of Jack et al. (9), which re- 
quires the formation of tetrazolo[l,5-a]phthalazine from I using nitrous 
acid (pH < l), converts acid-labile hydrazones to free I. 


Zak et al. (10) modified the GLC procedure so that the pH for tetra- 
zolophthalazine formation was about 2.85 instead of <1. These investi- 
gators found considerably lower values for the concentration of “appar- 
ent” hydralazine in plasma than were reported previously. However, 
stability studies of hydralazine pyruvic acid hydrazone (11) indicated 
that this hydrazone is unstable a t  acid pH values. The plasma I levels 
found following a 0.5-mg/kg oral dose of hydralazine hydrochloride to 
a human volunteer using the described HPLC procedure are considerably 
lower than would be expected from previous studies, which used less 
specific analytical techniques (7-10,12-14). 


The described procedure avoids the use of acid or heat for formation 
of I1 in plasma. Authentic hydralazine pyruvic acid hydrazone, a major 
circulating metabolite of I in humans (15), yields <0.1 mole % of I when 
taken through the assay. Additional information about the circulating 
levels of other labile hydrazones is needed to assess method speci- 
ficity. 


Studies of the in uitro disappearance of I in plasma at  23O indicated 
a first-order process with a mean half-life of 16.1 min (16). Additional 
stability studies, carried out in uitro using whole blood and plasma, in- 
dicated that the disappearance of I is quite rapid at  37’ (half-life 4-10 
min) but that loss during sample processing can be retarded by cooling 
in an ice water bath and centrifuging at 406 (half-life -1-2 hr). In the 
current study, blood samples from the volunteer were processed at room 
temperature, with the time between blood drawing and the addition of 
p-anisaldehyde to plasma held at 6.5-8.0 min. As much as 50% of I in 
plasma at  the time blood was drawn could have been lost during pro- 
cessing. Even if the losses of I during processing were this high, apparent 
hydralazine levels (Table 11) would still be fivefold or more higher than 
the concentration of unchanged hydralazine. 


Although not sensitive enough for detailed pharmacokinetic studies 
following usual oral doses, the current assay can be applied to stability 


~~ 


8 Unpublished data. 


studies of I and its hydrazones in biological fluids and to pharmacokinetic 
studies following intravenous I administration to animals and humans 
(15). In addition, it can be used to monitor peak plasma levels of I in pa- 
tients receiving chronic therapy. 
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to plasma concentration ratio can be approximated by Eq. 6 during the 
entire study period. 


Comparison of Eq. 7 with the definition of apparent clearance, Kapp, 
given by Eq. 2 yields: 


and: 


(Eq. 8) 


(Eq. 9) 


These equations apply to all organs except the lung where all the venous 
blood from all organs converges. A similar derivation for the lung 


The reason for the difference is based on the definition of Kapp; Kapp is 
defined as the blood (or plasma) volume from which drug is completely 
removed in a unit time. For the other organs, the blood flows from the 
pooled plasma compartment into each individual organ. For the lung, 
the blood exits from the lung compartment into the plasma pool. 


RESULTS AND DISCUSSION 


Equation 8 shows that, as Q increases and approaches infinity, Kapp 
approaches K. It is clear, then, that  K is the true capacity of the organ 
to eliminate the drug. In other words, K is the intrinsic clearance, a 
concept developed for hepatic drug clearance (3). In fact, Eq. 8 reduces 
to the equation for hepatic clearance but is more general and applicable 
to all drug-eliminating organs except the lung. 


In view of Eq. 8, which can be rewritten as: 


the apparent clearance Kapp is always smaller than K or Q. However, 
there will be no upper limit for the intrinsic clearance K. Once the value 


COMMUNICA TlONS 


of Kapp is obtained from experiment wing Eq. 2, K can be calculated from 
Eq. 9 by using the blood flow rate Q through that particular organ. 


The alternative to this approach is to rearrange Eq. 12 to yield: 


where: 


(Eq. 13) 


(Eq. 14) 


is the steady-state extraction ratio, defined as the amount of drug elim- 
inated divided by the amount of drug entering the organ a t  steady state. 
The approximation of K by Kapp is valid only when the extraction ratio 
E is very small ( E  < 0.05). Most anticancer drugs have small E values, 
and this approximation is reasonable. However, when E is high and closer 
to unity, serious error of as much as an order-of-magnitude difference 
in K and as much as 50% in the estimated E may result from the ap- 
proximation of K by KapP Therefore, for drugs that have high hepatic 
extraction ratios such as doxorubicin ( E  = 0.6) ( I ) ,  fluorodeoxyuridine 
( E  = 0.95 - 0.98) (4), and fluorouracil (E = 0.9 in one study (5) and E = 
0.2-0.5 in another (4)], Eq. 9 or 13 always should he used to calculate the 
intrinsic clearance. 
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New Calculation Method for Mean Apparent 
Drug Volume of Distribution and 
Application to Rational Dosage Regimens 


Keyphrases 0 Drug distribution volume-calculations, arithmetic mean 
method, harmonic mean methtd 0 Dosage regimens-design, calculation 
of drug distribution volume, arithmetic mean method, harmonic mean 
method 


To the Editor: 
One important purpose of clinical pharmacokinetic 


studies is to obtain mean pharmacokinetic data to be used 
as an initial guide for drug therapy. The apparent volume 
of distribution ( V d )  of a drug is a useful pharmacokinetic 
parameter in the one-compartment open-model system, 
which is often adequate clinically for the characterization 
of drug disposition kinetics (14). For example, the product 
of the mean v d  ( v d )  obtained from several subjects and 


the desired plasma level (cp) of the drug could be equal 
theoretically to the mean priming dose recommended for 
the same type of patient. 


The mean v d  of test subjects has been calculated almost 
exclusively to date by the arithmetic mean method. In this 
method, the individual Vd values ( v d l ,  V ~ Z ,  ..., V d n )  esti- 
mated by various standard or approximate (3) methods are 
added and the sum is divided by the total number of test 
subjects (n). The purposes of this communication are to 
propose a new method for calculating the mean V d  and to 
point out the potential shortcoming of the conventional 
arithmetic mean method in predicting rational dosage 
regimens. 


If the test subjects are representative of the mean pa- 
tient population, one should expect that the recommended 
mean dose ( ' 0 , C p )  when applied to the original test 
subjects should ideally result in an arithmetic mean 
plasma level of all the test subjects exactly equal to the 
originally targeted e,, value. In other words: 
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Table I-Reported Apparent Volumes of Distribution of 
Centamicin in 11 Patients and Simulated Initial Serum 
Centamicin Levels after Intravenous Bolus Doses Calculated 
Based on the Arithmetic and Harmonic Mean Methods for the 
Calculation of Mean Volume of Distribution and Initial Mean 
Targeted Level of 10 mghiter 


Patient 


4 
5 
6 
7 
8 
9 


10 
11 


Arithmetic 
mean 


v d  I 


liter/kg 


0.19 
0.19 
0.22 
0.25 
0.20 
0.29 
0.20 
0.49 
0.22 
0.25 
0.2 1 
0.246 


12.94 12.11 
12.94 12.11 
11.18 10.45 
9.84 9.20 


12.30 11.50 
8.48 7.93 


12.30 11.50 
5.02 4.69 


11.18 10.45 
9.84 9.20 


11.71 10.95 
10.70 10.00 


ZS, = (CpI + C p ,  t . . . + C p n ) / n  (Eq. 1) 


where C,1, C,z, ..., C,, are the resultant individual plasma 
levels for the n subjects, respectively. Since: 


combination of Eqs. 1 and 2 would result in: 
1 1 


(Eq. 2) 


(Eq. 3) 


This equation clearly shows that for the purpose of pre- 
dicting a correct mean dosage, the mean vd must be cal- 
culated by Eq. 3, which is commonly referred to as the 
harmonic mean method. 


When different doses are used on the test subjects, Eq. 
3 becomes: 


where Cbl., Cb2, ..., Cbn are the resulting plasma levels for 
the n subjects, respectively. The plasma level from each 
subject can be corrected further based on the same total 
dose or some dose per unit of body weight or body surface 
area: 


Therefore: 


- dose 
v d  = (Eq. 7) 


arithmetic mean plasma level 


In other words, the mean v d  can be calculated also by di- 
viding the dose (corrected to the same amount for all of the 
test subjects) by the arithmetic mean plasma level of the 
test subjects. This method will be referred to as the 
arithmetic mean-plasma level method. Obviously, these 
analyses can be applied equally well to the calculation of 
the mean apparent volume of the central compartment or 
the mean initial apparent volume of drug distribution in 
the multicompartment open model or the polyexponential 
plasma level decay system. 


Table 11-Reported Apparent Volumes of the Central 
Compartment of Theophylline in Nine Cirrhotic Patients and 
Simulated Initial Plasma Theophylline Levels after Intravenous 
Bolus Doses Calculated Based on Arithmetic and Harmonic 
Mean Methods for the Calculation of the Mean Central 
Compartment Volume and Initial Mean Targeted Level of 10 
mghiter 


V P ,  C p ( a r i )  c p ( h y ) ,  
Patient litedkg mgAiter mgAiter 


1 0.448 7.37 4.44 
2 
3 
4 
5 
6 


0.144 22.92 13.82 
0.781 4.23 2.55 
0.095 34.74 20.95 
0.157 21.02 12.68 
0.163 20.25 12.21 


7 0.146 22.60 13.63 
8 0.282 11.70 7.06 
9 0.753 4.38 2.64 


Arithmetic 0.330 16.58 10.00 
mean 


Literature examples on gentamicin, theophylline, and 
propranolol will be used to illustrate the differences in the 
mean volume of distribution and the initial plasma level 
that might result from the use of the two different methods 
for the volume of distribution calculation. 


The data on the apparent volume of distribution of 
gentamicin in 11 burn patients (Table I) were reported by 
Sawchuk and Zaske (6). Their mean v d  based on the 
arithmetic mean method was 0.246 liter/kg. The mean Vd 
will be reduced to 0.230 liter/kg if the harmonic mean 
method is used. The data on the apparent volume of the 
central compartment (V,)  of theophylline in nine cirrhotic 
patients (Table 11) were taken from a study of Piafsky et 
al. (7). The mean V,  reported, based on the arithmetic 
mean method, was 0.330 liter/kg. Based on the harmonic 
mean method, the mean V, is 0.199 liter/kg. The arith- 
metic mean V,  of propranolol in three normal subjects was 
reported by Comeni et al .  (8) as 0.867 litedkg. The mean 
V ,  is, however, only 0.591 liter/kg based on the harmonic 
mean method. Different methods for calculating the mean 
v d  or V,, for these three drugs produce discrepancies 
ranging from 6.96 to 65.8% (Table 111). 


If the mean doses based on the two methods to achieve 
a mean serum or plasma level of 10 mghiter for gentamicin 
or theophylline were used in these same patients, varia- 
tions in the same manner in both individual or mean 
arithmetic mean serum or plasma levels would result 
(Tables I and 11). 


Although the arithmetic mean method for the mean 
volume of distribution calculation appears to be mathe- 
matically correct and the information obtained is useful, 
the harmonic mean or arithmetic mean-plasma level 
method reported here is the superior or perhaps the only 
correct method when the mean volume of distribution data 


Table 111-Summary of the Mean Apparent Volume of 
Distribution of Gentamicin and Mean Volumes of the Central 
Compartment of Theophylline and Propranolol in Human 
Subjects Estimated by Arithmetic and Harmonic Mean Methods 


Gentamicin, Theophylline, Propranolol, 
Method li ter/kg liter/ke liter/kg 


Arithmetic mean 0.246 0.330 0.867 
Harmonic mean 0.230 0.199 0.59 1 
Percent difference 6.96 65.8 46.7 


based on harmonic 
mean method as a 
reference 
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from the clinical trial are intended for designing a rational 
dosage regimen. The mean volume of distribution calcu- 
lated from the test subjects should accurately predict their 
own plasma levels, even if the information is not intended 
for designing a rational dosage regimen. 


In some studies, all individual plasma or serum data 
from the test subjects were grouped together and the 
pharmacokinetic analysis was performed based on these 
arithmetical averaged plasma or serum data (9). In in- 
travenous bolus studies, the calculated mean initial volume 
of distribution obviously will be identical to  the value 
calculated by the harmonic mean method and different 
from that calculated by the arithmetic mean method. This 
fact, which has probably not been pointed out before, 
might contribute to the difference in values reported from 
different studies. 


In an earlier study (10) on clinical theophylline phar- 
macokinetics, the investigators reported that, depending 
on the methods used to calculate the mean total body 
clearance, as much as a 25-30% difference in the recom- 
mended infusion rate could occur. This phenomenon was 
considered as “unfortunate” (10). This author has made 
a similar analysis as presented in this communication and 
concluded that the best method for calculating the mean 
total body clearance in designing a rational dosage regimen 
is the harmonic mean method. Details of analyses will be 
reported later. 


The preceding discussion is based on the assumption 
that the arithmetic mean method be used for the calcula- 
tion of the mean plasma level. This approach was justified 
because the arithmetic mean method has been used almost 
exclusively for averaging peak, trough, steady-state, or 
mean steady-state plasma levels of drugs or metabolites 
in pharmacokinetic studies. This is probably also the case 
with mean levels of endogenous substances such as creat- 
inine and urea reported in the literature. Statistically 
speaking, if the geometric, harmonic, or other mean 
method can be shown to be the best method for averaging 
plasma level data, then a different conclusion regarding 
the proper method for averaging the apparent volume of 
distribution can be obtained. The method proposed here 
can be applied to the calculation of other mean volumes 
of distribution such as the distribution volume at  steady 
state. 


In estimating the apparent volume of distribution of 
drugs after oral administration, the potential hepatic and 
pulmonary first-pass effects are often ignored. Appropriate 
equations are available for correcting for such effects 
(11-13). The harmonic mean method has been recom- 
mended for the calculation of the mean biological half-life 
of drugs (14). 
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Prostaglandin Prodrugs IV: 
Empirical Relationship between Functional 
Group Contributions and 
Melting Points of C1-Esters 


Keyphraees a Prostaglandins-influence of functional group on melting 
points, dinoprostone and dinoprost C1-esters 0 Prodrugs-prostaglan- 
dins, influence of functional group on melting points, dinoprostone and 
dinoprost C1-esters Dinoprost and dinoprostone C1-esters-influence 
of functional group on melting points 


To the Editor: 
Many prostaglandins occur as viscous liquids a t  room 


temperature, which presents problems in various phar- 
maceutical processes such as weighing and formulation. 
We recently showed that certain crystalline esters of the 
E-series prostaglandins are remarkably more stable than 
the parent prostaglandins (1). Now, based on melting- 
point data of numerous dinoprostone (I) and dinoprost (11) 
C1 -esters accumulated in our laboratories, we present a 
functional group contribution analysis of the influence of 
structure on melting points. 


In principle, the melting point (T,) of a substance can 
be calculated from: 


(Eq. 1) 


where AHf and AS, are the heat-and the entropy of fusion, 


c C z 2 O O R  ! 


6 H  OH 


I: C,-ester, X = X = O  


/H 
11: C,-ester, X = >C, , 


‘OH 
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Partial acid hydrolysis of VII afforded VIII, whose mass spectrum gave 
prominent ions a t  m/e 189,379 and 796 (M+), indicating that a tri-0- 
methyl-I.-rhamnopyranosyl(1 - 4)-di-O-methyl-~-rhamnopyranosyl 
group was cleaved during hydrolysis. Since methylation of VIII afforded 
V, one may logically conclude that the L-rhamnopyranosyl( 1 - 4 ) - ~ -  
rhamnopyranosyl group must be attached to C-4' and that the L-rham- 
nopyranosyl group may be attached to (2-2' of the D-glucopyranosyl 
moiety of VII. 


The NMR spectrum of VII showed a douhlet at  4.4 ppm (IH, J = 7 Hz) 
and two broad singlets at 5.03 (1H) and 5.21 (2H) ppm. The doublet 
corresponds to the axial anomeric proton of D-glucose, and the singlets 
correspond to the equatorial anomeric protons of the three L-rhamnose 
units. Thus, the D-glucose unit is attached to I1 uia a P-glycosidic linkage 
and to the three L-rhamnose residues oia cu-glycosidic bonds, and the 
chemical structure of this tetraglycoside is represented by VI. 


The cytotoxic activities of I and VI are shown in Table 11. Both sapo- 
nins were quite effective against P-388, L-1210, and 9KB tissue culture 
systems. To demonstrate that this cytotoxic activity is not simply due 
to a detergent effect, glucoside and maltoside of I1 were prepared and 
evaluated in these test systems. Since both synthetic saponins were much 
less active, it appears that  some unique structural features are required 
for optimal cytotoxic activity. 


Extracts of Dioscorea have been widely used for the treatment of a 
variety of tumors in China, India, South America, and Southeast Asia 
(17). After completion of these studies, i t  was noted that I and VI had 
been isolated from the dried rhizomes of Paris polyphylla SM. obtained 
in a market of Katmandu, Nepal (18). 
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Abstract  0 Biphenylalkyl monoesters of' succinic and related acids 
represent a potent new class of cyclic AMP phosphodiesterase inhibitors. 
The biphenyl group is necessary for potent inhibition. The spatial rela- 
tionship of the carhoxyl and ester groups and alkyl chain length are im- 
portant to inhibitory potency. 


Keyphrases 0 Succinic acid biphenylalkyl rnonoesters-phosphodi- 
esterase inhibition, synthesis, structure-activity relationships 0 Cyclic 
AMP phosphodiesterase-inhibitors, succinic acid hiphenylalkyl mo- 
noesters, synthesis, structure-activity relationships Phosphodiesterase 
inhibitors-succinic acid hiphenylalkyl monoesters, synthesis, struc- 
ture-activity relationships 


Tissue cyclic AMP levels appear to be regulated by two 
enzymes, adenylate cyclase and phosphodiesterase, and 
by cellular extrusion. Phosphodiesterase catalyzes the 
hydrolysis of cyclic AMP to 5'-AMP. Because phospho- 
diesterase inhibitors can increase tissue cyclic AMP levels, 
these compounds are of interest as biochemical tools and 
as potential therapeutic agents (1-3). 


Most potent cyclic AMP phosphodiesterase inhibitors 
are nitrogen-containing heterocycles, i . ~ . ,  theophylline, 
:3-isobutyl-l-methylxanthine, papaverine, and 4-(3-bu- 
toxy-4-methoxypheny1)-2-imida~olidinone~, and most 
contain either a 6,5- or 6,e-fused heterocyclic ring (4-6). 
Only a few reports described the effects of organic acids 
on phosphodiesterase. Citrate a t  high concentrations (12 
mM) inhibited the enzyme (7). Ethacrynic acid was re- 
ported to be one-half as potent as theophylline against the 
enzyme from beef heart (8). Recently, acidic anti-inflam- 
matory agents were reported to inhibit phosphodiesterase 
(9-1 1). Enzyme activation by the lipoidal organic acid, 
stearic acid, was observed (121, as was inhibition by un- 
saturated fatty acids (13). 


1-(4-Riphenylyl)pentyl hydrogen succinate is a hypo- 
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Figure I-Double reciprocal plots (micromoles-' minute milligram of protein versus molarity-' X I ( ) - " )  a t  high suhstrate concentrations f(Jr I50 
a n d 3 0 0 p M I b  (upperleft) ,  70and I l O j t M l e  ( u p p e r r i g h t ) , a n d 3 5 0 a n d 5 0 0 p M I d  (1owerleft)andat a 1ou:substrateconc~ntration f(Jr50and 
100 pM Ih  (lower right). 


Ia: R,  = -OC(=O)CH,CH,CO,H, R, = methyl  
Ib: R, = -OC(=O)CH,CH,CO,H, R, = n-butyl 
Ic: R,  = -OC(=O)CH,CH,CO,H, R, = n-hexyl 
Id: R, = -OC(=O)CH=CHCO,H (cis) ,  R, = n-butyl 
Ie: R ,  = -OC(=O)CH=CHCO,H (trans),  R, = n-butyl 
I f :  R, = -OC(=O)CH=CHCO,H (trans),  R, = n-hexyl 


0 
I 


CH-OCCH,CH,CO,H 


cholesterolemic agent previously reported to inhibit 
(J-hydroxy-@-methylglutaryl coenzyme A reductase (14). 
The purpose of this investigation was to examine the 
phosphodiesterase inhibition by Ib and related acids. 


RESULTS AND DISCUSSION 


Compound Ib was a potent heef heart phosphodiesterase* inhibitor 
(Table I ) .  Closely related la, lc-le, and I1 were also examined for effects 
on the enzymei. Lineweaver-Burke plots were obtained for Ib, Id, and 
Ie (Fig. 1). The I,jcl values were determined at  suhstrate concentrations 
of 100 and 1 p M  for Ia-Ie. Most phosphodiesterase preparations, in- 
cluding bovine heart phosphodiesterase, contain both high and low af- 
finity enzymes o r  enzyme lorms (5,6). The preparations could he assayed 
a t  a low cyclic AMP concentration to observe effects on the high affinity 
form and a t  high substrate concentrations (actually, this high concen- 
tration reflected total enzyme activity) to observe effects on the low af- 
finity enzyme. Additionally, miscellaneous acids were examined for ef- 
fects on phosphodiesterase to substantiate Ib-Ie specificity. Finally, 
structure-activity relationship analysis of Ia-ie led to the synthesis of 
If. the most potent inhihitor yet uncovered in this series. 


The discovery that Ib inhibited phosphodiesterase raised the following 
question: Would other organic acids, especially arylalkyl organic acids, 
in view of the known acidic anti-inflammatory agent effect, inhibit the 
enzymes? The failure of all eight diverse acids to inhibit phosphodies- 
terase indicated that this is not a general organic acid effect ('l'ahle I ) .  


2 Sigma Chemical CII. 
:i 'I'hese results did not correlate with the potency oft he*e cr~mpounds as inhih-  


itors of /3-hydroxy-/f-methylglutaryl coenzyme A reductasc ( 14. 15). 
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Table I-Phosphodiesterase Inhibition 8 


Compound 


Ia 
Ib 
IC 
Id 


;; 
I1 
Theo hylline 
3-Iso~utyl-  1 methyl 


xanthine 


150, PM 
1 pM Cyclic AMP' 100 pM Cyclic AMPC 


514 f 56d 
64 f 2 
49 f 2 


121 f 15 
29 f 2 
1 6 f 2  


823 f 68 
306 f 24 


1 0 f l  


1215 f 103 
205 f 6 
95 f 7 


402 f 27 
93 f 10 
25 f 3 


> lOOOE 
917 f 25 
52 f 1 


Bovine heart phosphodiesteraae was used. The following acids at 5 X 10-9 M ,  
using 100 p M  cyclic AMP, showed less than 5% enzyme inhibition: p-chloro- 
phenoxyacetic, cinnamic, p-hydroxyphenylacetic, monomethyl adi ate, n- 
naphthylacetic, a-phenylbutyric, phenylpropionic. and 2-pyridylacetic. tubstrate 
concentration. Data are expressed as the mean f S E  of three determinations. 


Sixteen-percent inhibition at 1000 p M ;  a solubility problem was encountered at 
higher concentrations. 


Additional specificity evidence was indicated by the lack of succinate 
analog activity where biphenyl wasareplaced by phenyl (11) and where 
the n-butyl chain was replaced by methyl (Ia, Table 1). Furthermore, if 
the inhibition was uia an enzyme-inhibitor complex, there should be a 
variation in potency among stereoisomers. In fact, the fumarate (trans- 
isomer) analog Ie was four times as potent as the maleate (cis-isomer) 
analog Id, with the succinate Ib intermediate between the two. 


Attempts to establish the inhibition type uia Lineweaver-Burke plots 
were not definitive (Fig. 1). Beef heart phosphodiesterase inhibition by 
I b  appeared to be competitive or partially competitive a t  both low and 
high substrate concentrations. Replotting the data using Hofstee plots 
did not improve identification of the inhibition type. The inability to 
obtain definitive curves may have been due to assay error, enzyme 
preparation crudeness, or the presence of additional enzyme forms. 


The most striking structure-activity relationships for this series (Table 
1) can be summarized as follows: the biphenyl moiety is necessary (Ib 
Oersus II), a trans-configuration of the carboxyl and ester groups is op- 
timal (Ie > Ib > Id), and an increased alkyl chain length is advantageous 
(Ic > Ib > Ia). These results suggested the synthesis of If4. 


Compound If is almost equipotent with the very potent, standard 
phosphodiesterase inhibitor 3-isobutyl-1-methylxanthine against the 
high affinity enzyme and is more potent against the low affinity enzyme. 
The ability of these compounds to inhibit cyclic AMP phosphodiesterase 
should be considered when interpreting pharmacological studies. 


EXPERIMENTAL 


Chemistry5-Compounds Ia-Ic and I1 were prepared as previously 


4 Further chain elongation would likely reduce soluhility beyond workable 
limits. 


5 Meltin oints were determined with a Thomas-Hoover ap aratus and are 
uncorrecte% bemental analyses were obfsined from Atlantic Microfah Inc., Atlanta, 
Ga. NMR spectra were determined using a Perkln-Elmer R-24 spectrometer in 
deuterochloroform with tetramethylsilane as the internal reference. 


described (15). Compounds Id and Ie were synthesized as previously 
described (14). 


Compound If, mp 82-84', was prepared using the method described 
for Ie (14); NMR: 8 0.60-2.20 [broad, 13H, CHJ(CH&], 5.90 ( t , J  = 6 Hz, 


IH, HCOzC-), 6.95 [s, 2H, -CH=CH-],7.20-7.80 [m, 9H, aromatic], 


and 8.45 Is, lH,  COPHI ppm. 
Anal.-Calc. for C23H2604: C, 75.4; H, 7.1. Found: C, 75.1; H, 7.4. 
Enzyme Studies-The assay (16) was used as previously described 


\ 


1 


(17) employing bovine heart phosphodiesterase*. 
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Abstract Unlike most organic compounds, both digoxin and digitoxin 
melted over a wide temperature range, with the widest range being 88 
and 33' for both compounds, respectively. Furthermore, the melting 
ranges varied markedly among several untriturated powders obtained 
from commercial sources and after recrystallization. Trituration produced 
dramatically sharper and generally lower melting temperatures. Apparent 
equilibrium solubility also varied considerably among different un- 
triturated compounds. Correlation between solubility and final melting 
temperature was found. Results from dynamic solubility studies were 
used to explain the failure of trituration to enhance the apparent equi- 
librium solubility in certain samples. Storage a t  room temperature in- 
creased the melting points and decreased aqueous solubilities. Several 
reasons such as the presence of polymorphic and amorphous forms, 
crystal defects, impurities, and solvate formation were postulated to 
explain the findings. In a preliminary study, the in vitro dissolution rates 
of two commercial tablet products stored at  elevated temperatures for 
4-8 weeks progressively decreased. Biopharmaceutical implications and 
areas for further studies are discussed. 


Keyphrases 0 Digoxin-stability studies, temperature, solubility, aging, 
various commercial powders Digitoxin-stability studies, temperature, 
solubility, aging, various commercial powders Cardiotonic agents- 
digoxin and digitoxin, stability studies, various commercial powders 
Stability-digoxin, digitoxin, various commercial powders 


Oral bioavailability of digoxin, a potent water-insoluble 
cardiac glycoside, has been the subject of intensive studies 
(1,2). Each solid dosage form product must pass the oral 
absorption test in humans (21, and the in uitro dissolution 
study must be performed as a routine quality control 
procedure by manufacturers (3). However, studies on the 
underlying physicochemical factors that might contribute 
to poor dissolution and hence to poor absorption of digoxin 
from the dosage forms have been quite limited. 


The particle size of digoxin within a tablet was a major 
dissolution rate determinant: the smaller the particle size, 
the better the absorption (1, 4-6). Effects of milling or 
grinding of digoxin powder on the enhancement of disso- 
lution and solubility (7 , s )  and oral bioavailability in dogs 
(9) were recently reported. Different results from X-ray 
diffraction studies on the effects of milling or grinding of 
digoxin powder on the crystallinity were obtained (7 , s ) .  
A complete transformation to an amorphous form (6) and 
the absence of any crystal-crystal transition (8) after ex- 
tensive grinding and trituration were both proposed, al- 
though the latter study (7) did not rule out the partial 
transformation to the amorphous form. 


Relatively little attention has been directed to the 
physicochemical properties of digitoxin, adother less 
widely used cardiac glycoside. Since digitoxin is much less 
soluble in water than digoxin (9), similar poor bioavail- 
ability problems from various solid dosage forms may exist. 
In some preliminary studies, however, complete absorption 
from intramuscular and oral administration was reported 
(10, 11). 


The purposes of this paper are to report studies on some 


physicochemical properties of digoxin and digitoxin from 
various sources using differential thermal, equilibrium, and 
dynamic solubility methods and to point out their poten- 
tial biopharmaceutical implications. 


EXPERIMENTAL 


Digoxin Samples from Commercial Sources and after Recrys- 
tallization or  Trituration-Two lots of digoxin powder, designated as 
digoxin L1 and L2, were obtained from a commercial source1. Additional 
samples from two other commercial sources were designated digoxin Z2 
and digoxin S3. 


Digoxin samples also were obtained after recrystallization of digoxin 
Ll from chloroform4 and 95% ethanol6. For recrystalliition, 200 and 100 
mg of digoxin powder were dissolved in 800 ml of boiling chloroform and 
100 ml of ethanol, respectively. These solutions were reduced with heat 
to about 50 and 3 ml, respectively. After filtration, the filtrates were 
cooled in an ethanol and dry ice bath. Recrystallized particles were ob- 
tained after filtration and placed in a vacuum for 2 hr. 


Three hundred milligrams of digoxin L1, L2, and Z samples were 
triturated in a porcelain mortar for 30 sec. The powder was loosened from 
the side of the mortar with a spatula. This process was repeated until a 
total trituration time of 15 min had been achieved. 


Digitoxin Samples from Commercial Sources and after Tritu- 
ration-Digitoxin powder samples were obtained from three commercial 
sources and were identified as digitoxin L6, Z2, and S3. 


Triturated samples were prepared from digitoxin L and Z as described 
for the preparation of the triturated digoxin. 


Thermal Analysis Studies-Thermal studies on all digoxin and di- 
gitoxin samples were conducted in a thermal analyzer attached to a dif- 
ferential scanning calorimetry cell7. The temperature was usually scanned 
from 50 to 300' a t  20°/min. One to 2 mg of sample was used for each 
study. The thermal analyzer was calibrated with the standard ammonium 
nitrate supplied by the manufacturer'. 


Equilibrium Solubility Studies-A preliminary study conducted 
over 7 days indicated that 24 hr was sufficient to achieve the equilibrium 
solubility. Therefore, all subsequent studies were conducted in 24 hr. 


Ten-milligram digoxin or digitoxin samples were placed in 16 X 
125-mm culture tubes fitted with screw caps, and 10 ml of water was 


Table I-Literature Melting Points of Digoxin and Digitoxin 


Source Melting 
Compound (Reference) Point 


270' 
235' 
240' 
265' 
234' a, 236' 240'" 
240' 


265O 


: K; Digoxin 


C (14) 
D (15) 
E (7) 


Digitoxin F (16) 
G (17) 256-257' 
A 112) 


Digoxin 270' 
2.16' 


A (12) 
B (1.1) - _ _  240' C (iij 


265' 
234' a, 236' ', 240'" 
240' 
256-257' 


D (15) 
E (7) 


Digitoxin F (16) 
G (17) 
A i12j 265O 


~ ~~~ ~~~ - 


Based on three different sources of digoxin powder. 


1 Digoxin USP, lots 0609-59623 and 0609-K7193, Lederle Laboratory, Pearl 


Digoxin USP and digitoxin USP. Zenith Labortory. Northvale. N.J. 
3 Digoxin USP and digitoxin USP, Sandoz Co., East Hanover, N.J. 
4 Certified ACS grade, Fisher Scientific Co., Fair Lawn, N.J. 


Alcohol USP, Commercial Solvent Co., Terre Haute, Ind. 
Digitoxin USP, lot W11097, Eli LiIly & Co., Indianapolis, Ind. 
DuPont 990 thermal analyzer, E.I. du Pont de Nemours & Co., Wilmington, 


River, N.Y. 


Del. 
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Table 11-Melting Ranges of Digoxin from Various Sources 


L I I I I 1 
60' 100" 160' 200' 250' 300' 


TEMPEHATURE 
Figure 1-Differential scanning calorimetric thermograms of three 
untriturated commercial digoxin samples. Key: top, S; middle, Z; and 
bottom, LI.  


added. The culture tubes were placed in an ultrasonic baths for 30 min 
and then transferred to a shaker bath9 maintained at  37' and shaking 
at 120 cpm. After 24 hr, the samples were filtered through 0.22-pm 
membrane filterslO, and the absorbance was read at  222 nm on a UV- 
visible spectrophotometerll. 


Concentrations were calculated according to a predetermined Beer's 
law plot. All studies were performed in triplicate. Excellent reproduc- 
ibility was obtained; with some exceptions, only the average results are 
reported. 


Dynamic Solubility Studies-Based on the results from the equi- 
librium solubility study, an excess amount (50 mg) of powder of digoxin 
L1, L2, and Z, digitoxin L and Z, and their triturated samples was added 
to 125 ml of water in a 250-ml beaker maintained at 37' in a water bath1*. 
The medium was stirred at  200 rpm with a stirrer13 centered in the beaker 


0 r 


I I I I 
50' 100" 150' 200' 2;O' 3d0° 


TEMPERATURE 
Figure 2-Differential scanning calorimetric thermograms of digoxin 
recrystallized from chloroform (top) and 95% ethanol (bottom) from 
the LI source. 


Source 


L1 
L1 
L1 
L1 
L1 triturated 
L2 
L2 
L2 
L2 triturated 
2 
S 
L1 recrystallized from chloroform 
L1 recrystallized from ethanol 


Date of 
Study 


8/20/74 
10122174 
12/17/74 
10/14/75 
10/14/75 
10/28/74 
10/14/75 
3/5/76 


10/14/75 
10/28/74 
lOl22174 


Beginning 
of Melting 


137' 
146' 
150' 
182' 
173' 
150' 
167' 
167' 
177' 
192' 
180' 
175' 
150' 


End of 
Me 1 tin g 


225' 
228' 
230' 
235' 
176' 
227' 
233' 
233' 
184' 
228' 
234' 
196' 
205' 


2 cm from the bottom. The beaker was covered with parafilm to prevent 
water evaporation. 


Three-milliliter samples were withdrawn at  5,10,20,40, and 60 min 
and then periodically up to 24 hr. The samples were treated as in the 
equilibrium solubility studies, and the concentrations were determined. 
All studies were performed in duplicate, and only the average results are 
reported. The high agitation rate was necessary to overcome the effect 
of powder aggregation and agglomeration due to the hydrophobic nature 
of the cardiac glycosides and to enhance the dissolution rate. 


Aging-Thermal studies were performed at various times on selected 
digoxin and digitoxin samples which were kept in sealed bottles a t  am- 
bient temperature. The 24-hr equilibrium solubility study was conducted 
for digoxin L2 five times over a 1-year period. 


RESULTS AND DISCUSSION 


The melting test is often used for routine quality control of a drug or 
compound (3). The melting range is defined as those points of tempera- 
ture within which the solid coalesces and is completely melted (3). 
Therefore, unless the melting of a compound takes place instantaneously, 
a melting temperature range should be reported. A literature survey on 
both glycosides found not only a large variation in the reported melting 
points but also an almost complete absence of any reported melting 
ranges. These literature data are summarized in Table I. 


Differential thermal analyzers and differential scanning calorimeters 
are extremely sensitive instruments for studying the thermal behavior 
of compounds (18-22). They are particularly valuable in studying poly- 
morphic transitions and the beginning of melting of a compound or a 
mixture. The temperature a t  which the suspected melting endothermic 


8 Varian Aerograph, Walnut Creek, Calif. 
9 Eberbach Corp.. Ann Arbor, Mich. 


10 Millipore filter (wlth Swinney filter device), Millipore Corp., Bedford, 
Mass. 


11 Beckmen DBGT, Beckman Instruments, Fullerton, Calif. 
12 Fisher Versa-Bath, Fisher Scientific Co., Chicago, Ill. 
13 Nalgene stirrer. three blades, (1% inch diameter), Fisher Scientific Co., Chicago, 


111. 


I 1 1 ' 1  I 
50° 100' 150" 200' 250' 3d0° 


TEMPERATURE 
Figure 3-Differential scanning calorimetric thermograms of digoxin 
from the L2 sample. Key: top, untreated; middle, triturated for 15 min; 
and bottom, triturated for 15 min, heated through exothermic transition, 
cooled, and reheated. 
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Table 111-Average Solubilities of Digoxin from Various 
Sources in Water at 37" after 24 h r  of Equilibration 


Solubility, 
Source Pglml 


L1 
L1 triturated 
L2 
L2 triturated 
Z 
Z triturated 
S 


91.8 
41.0 
68.2 
98.0 
40.1 
39.5 
28.9 


L1 recrystallized from chloroform 64.7 
L1 recrystallized from ethanol 52.1 


peak begins (first deviation from the baseline in the thermogram) is 
considered to be the beginning of melting. When the conventional cap- 
illary tube method is used for the melting-point study, it is often difficult 
to determine the temperature a t  which the sample starts to melt, even 
when a small fraction of the sample has been melted already (20-22). On 
the other hand, when the sample melts slowly over a wide temperature 
range, the conventional capillary tube- method is often superior in de- 
termining the final melting temperature. 


In the present study, the differential scanning calorimeter was used 
to measure the beginning melting temperature, and both the differential 
scanning calorimetric and capillary tube methods were used to measure 
the final melting temperature. The final melting point of the sample 
generally corresponded to the first major endothermic peak in the dif- 
ferential scanning calorimetric study. Results on the melting ranges of 
digoxin are summarized in Table 11, and some typical differential scan- 
ning calorimetric thermograms are shown in Figs. 1 and 2. 


Consistent with the prior literature data, an extremely wide final 
melting-point range (176-235') was found in the digoxin samples. The 
highest melting point reported previously was 270' (12). In contrast with 
previous reports, a wide melting-point range was found for each untreated 
digoxin sample obtained from the commercial sources or recrystallized 
from chloroform or ethanol. The largest range, 88', was found in the L1 
sample. Sample discoloration could be observed first a t  approximately 
the beginning of melting, and small droplets of melt could be observed 
with a hot-stage microscope well below the final melting temperature. 
Additional endothermic peaks above the melting point are believed to 
be due to decomposition. 


Several possible reasons for such a marked variation in the melting 
range among all untreated digoxin samples studied can be postulated 


1. Polymorphic forms-The marked difference in melting ranges and 
thermograms might suggest that the phenomena are due to the existence 
of a different polymorphic (crystalline) form for each sample (19,21). This 
possibility can be deemphasized, but not entirely ruled out, as a major 
cause because almost identical X-ray diffraction spectra were obtained 
previously (7,8) from various digoxin sources, which also showed different 
dissolution, solubility, and melting properties. 


The difference in the melting range possibly could result from various 
combinations of two or three polymorphic forms. Such a combination 
should produce the same X-ray diffraction peaks or lines with only dif- 
ferent intensities from various samples. This hypothesis is not inconsistent 
with the reported X-ray diffraction data (7,8). The possibility of varying 
fractions of an amorphous form with other crystalline digoxin seems 
unlikely because of the absence in the thermograms of an exothermic 


40 
MINUTES HOURS 


Figure 4-Dynamic solubility study in water at 37' on the untriturated 
(bottom) and triturated (top) digoxin Z powder. 


Table IV-Effect of Aging on Solubility (Micrograms per 
Milliliter) of Digoxin in Water at 37" 


Date of Study 
Tube 3/16/75 7/11/75 9/15/75 12/3/75 3/2/76 


1 67.5 63.7 61.0 55.2 53.5 
2 68.5 62.2 61.0 56.2 53.8 
3 68.5 62.7 61.5 56.7 52.5 


Averaee 68.2 62.9 61.2 56.0 53.3 


peak, which usually occurs when an amorphous form is converted to the 
crystalline form upon heating (21, 22). This point will be elaborated 
later. 


2. Crystal defects-Various degrees of extensive defects in the crystal 
lattice conceivably could produce various degrees of difference in the 
melting range, especially in light of the large molecular structure of di- 
goxin (mol. wt. 780.92). Crystal defects might also be expected to alter 
the solubility and dissolution properties (19). Such a defect in the digoxin 
crystal might not be sufficient to  produce any detectable shifts in dif- 
fraction peaks or lines. 


3. Solvate formation-Various types of solvate possibly might be 
formed during the purification process with different solvents. The same 
digoxin sample (Ll) recrystallized from chloroform and from ethanol 
yielded different thermal (Table I1 and Fig. 2) and solubility (discussed 
later) properties. Additional studies using the differential thermal 
gravimetric method should delineate this point. 


4. Structurally related impurities-The possibility that the major 
cause of the wide melting range is the presence of impurities with 
chemical structures similar to digoxin is quite remote since the trituration 
of two digoxin samples resulted in sharper melting (Table 11). This idea 
is an analogy to the common phenomenon of melting-point depression 
in the presence of impurities. The purity of digoxin samples seems to be 
supported by high-pressure liquid chromatographic (HPLC) analysis 
(231, which showed only one peak from both commercial and USP ref- 
erence digoxin, and also by TLC analysis (24). 


5. Any combination of the above four factors. 
Digoxin samples recrystallized from chloroform and from ethanol had 


much lower final melting points than all of the untreated commercial 
samples in the present and previous studies (7). Their thermograms also 
were quite different from those obtained from the untreated commercial 
samples. A huge endothermic peak at  about 80' was found in the sample 
recrystallized from chloroform, probably resulting from the chloroform 
desolvation. A quick and brief preheating of the sample to -120' elimi- 
nated this endothermic peak upon rerun of the thermogram. This ap- 
parent desolvation endothermic peak was much weaker from the sample 
recrystallized from ethanol. 


Trituration with a mortar and pestle dramatically affected the dif- 
ferential scanning calorimetric thermogram in both lob of digoxin powder 
(Fig. 3). A large endothermic peak at  475' was followed by a relatively 
sharp exothermic peak at  175O, which was followed by a sharp endo- 
thermic peak. The reason for the first endothermic peak is unclear. It 
might be due to a phase transition in the amorphous or glassy state. The 
exothermic peak was probably due to the conversion of the amorphous 
form to the crystalline form, which subsequently melted with a sharp 
endothermic peak. The sharp melting of the triturated digoxin also was 
confirmed by the capillary tube method. 


/ 
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Figure 5-Dynamic solubility study in water at 370 on the untriturated 
(bottom), freshly triturated (top), and triturated and stored (2-5 
months; middle) digoxin L2powder. 
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FINAL ME LTlNG TEMPERATURE 
Figure 6-Relationship between the apparent aqueous solubility and 
final melting temperature of various untriturated digoxin powders. 


This exothermic-endothermic thermogram was typical of the existence 
of an amorphous or glassy form, as found in melted and resolidified pure 
sulfisoxazole (21) and griseofdvin (22). Similar exothermic-endothermic 
thermograms obtained at temperatures above 140' also were reported 
for several ball-milled digoxin samples (7). As shown previously (3, the 
relative exothermic peak height varied with the source of the sample and 
the extent of trituration. This finding indicates that different degrees 
of conversion to the amorphous form might occur under various condi- 
tions. Furthermore, after rapidly heating the triturated sample in the 
differential scanning calorimetric cell through the exothermic transition, 
cooling to ambient temperature, and reheating, the exothermic peak 
disappeared and the final melting temperature decreased (Fig. 3). 


Potential effects of storage on thermal, solubility, and dissolution 
properties of pure untreated digoxin powder apparently have not been 
reported. As shown in Table 11, all three untreated commercial digoxin 
powders underwent some gradual changes in their thermal properties. 
An increase in the temperature for the beginning and/or final melting 
was generally observed. Two samples were studied for over 1 year, and 
these untreated samples were all in their metastable state during the 
study period. A very important question remaining to be answered is: 
"What is the final stable form?" 


The results of the equilibrium solubility study conducted in water a t  
37' on digoxin powder from various sources are summarized in Table 111. 
The solubilities ranged from 28.9 to 68.2 pg/ml among the untreated 
samples. A range of 24.3-63.6 pg/ml in water a t  25' was reported from 
a study on four untreated commercial samples (7). Recrystallization from 
chloroform and from ethanol enhanced the solubility of the original L1 
powder, and the two recrystallized samples differed in their solubility 
by 24.2%. Trituration significantly enhanced (43.7%) the solubility of the 
L2 sample and had a negligible effect on the L1 and Z samples. This 
finding is in contrast with the previous study (7) in which ball milling 
increased the solubilities of all four samoles studied. with the highest " 
increase being 118%. 


The failure of trituration to enhance solubilitv can be explained bv the 
results from the dynamic solubility study in which a l a r k  excess of di- 
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MINUTES 
Figure 7-Effect of temperature and length of storage time on the 
dissolution rate of digoxin from Tablet A. Key: A, fresh sample; V, 
sample stored at ambient temperature for 4 weeks; A, sample stored 
at 60-65' for 4 weeks; and 0, sample stared at 60-65' for 8 weeks. 


MINUTES 
Figure &-Effect of storage on the dissolution rate of digoxin from 
Tablet B. Key: A, freshsample; V, samplestored at ambient tempera- 
ture for 4 weeks; and V, sample stored at 60-65' for 4 weeks. 


goxin powder was used and the concentrations were studied at  very fre- 
quent intervals before the attainment of final equilibration. For digoxin 
Z, the triturated sample reached the highest concentration at 5 hr after 
study and started to decrease and approach the concentration obtained 
from the untreated sample (Fig. 4). A similar result was obtained with 
the L2 sample. Therefore, the failure of solubility enhancement by trit- 
uration clearly was due to the conversion of the higher energy amorphous 
form to the more stable, lower energy (crystalline) form during the24-hr 
solubility study period. This effect, in turn, resulted in some precipitation 
of digoxin from the solution. 


For digoxin L2, which had s h o w  the solubility enhancement effect, 
the decrease in concentration during the dynamic solubility study was 
obvious also (Fig. 5). The same triturated sample after additional storage 
of about 2.5 months at ambient temperature showed a clear reduction 
in the digoxin concentration during the dynamic solubility study (Fig. 
5). A further reduction in the dynamic solubility values will probably 
occur if the sample is studied again a t  a later date. Therefore, any gain 
in the apparent solubility and also the dissolution rate by the trituration 
or milling process appears to be temporary. These results demonstrate 
that the dynamic solubility method is superior to  the equilibrium solu- 
bility method in detecting different thermodynamic states. 


All solubility studies on the untreated digoxin samples reported in 
' Table I11 were conducted on the same day. The different solubilities 
found in the two lots obtained from the same commercial source might 
be attributed to different aging or storage effects or to a different method 
of preparation. 


I I I I V ,  
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TEMPERATURE 
Figure 9-Differential scanning calorimetric thermograms of three 
commercial untriturated sources of digitowin. Key: top, Z; middle, L; 
and bottom, S.  
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Figure 10-Differential scanning calorimetric thermograms of digi- 
toxin. Key: top, untriturated Z; upper middle, triturated 2; lower 
middle, untriturated L; and bottom, triturated L. 


The fact that essentially the same "apparent" equilibrium solubility 
was found over several days during the study for each untreated digoxin 
sample indicates a very slow phase transition in water. This transition 
is different from many drugs exhibiting polymorphism (19,21). 


Table IV summarizes the effects of aging at  ambient temperature on 
the apparent equilibrium solubility of the untreated digoxin L2 sample. 
The decline in the solubility over the 1-year period was linearly related 
to time (coefficient of variation = 0.9913). This type of finding has not 
been reported to date. A slight increase in the melting range of this sample 
was found over the 1-year period (Table 11). 


The temperature a t  which the final melting of the sample takes place 
could be indicative of crystal intermolecular forces or thermodynamic 
stability, which both could be related to the dissolution rate or apparent 
equilibrium solubility. For all six untriturated digoxin samples studied, 
except L2, the apparent solubility, as expected, decreased almost linearly 
with the increase of the final melting temperature (Fig. 6). This result 
shows that the simple and fast differential thermal analysis method might 
be useful for routine quality control of digoxin powder. 


In light of these findings on the effects of aging on the thermal and 
solubility properties of the untriturated digoxin powder, one could 
speculate that storage of commercial digoxin solid dosage forms at room 
temperature might also reduce the dissolution rate and oral absorption 
of digoxin from the products. A preliminary study on the effect of aging 
or storage at room temperature (22-26') and at  an elevated temperature 
on in uitro dissolution was conducted on two widely distributed 0.25-mg 
tablet products obtained from a local pharmacy. Three tablets were 
dropped gently to the bottom of a 600-ml beaker containing 500 ml of 
water maintained at  37 & 0.5O. The stirrer13, with a predetermined 
stirring rate of 60 rpm, was quickly lowered to the center of the dissolution 
medium. The dissolved digoxin concentration was measured by the of- 
ficial compendia1 method (11) at 10,20,30,40, and 60 min. 


MINUTES HOURS 
Figure 11-Dynamic solubility study in water at 37' on the untritur- 
ated (bottom) and triturated (top) digitoxin Zpowder. 


Table V-Melting Ranges of Digitoxin from Various Sources 


Date of Beginning End of 
Source Study of Melting Melting 


L 11/11/74 195" 225' 
1. 9/20/15 195' 227" - 
L 1 Oii5175 201' 228" 
L triturated 10/15/75 170" 192' 
Z 10115175 230" 244' 
Z triturated 10115175 220° 244 
S 11/11/74 200' 233' 


Four duplicate studies were performed on each type of sample. For each 
tablet product, an initial control and samples stored at room temperature 
and at  60-65' in an oven for 4-8 (only one product) weeks were studied. 
All tablets were stored in air-tight glass vials. Very reproducible results 
were obtained from the duplicate studies. The average data on the percent 
dissolved as a function of time are shown in Figs. 7 and 8. Differences in 
dissolution rate from samples stored at  room and elevated temperatures 
were highly statistically significant at all of the times (p < 0.01) for both 
products. Storage at  room temperature for 4-8 weeks had a negligible 
effect on the dissolution rate. The reduction in the dissolution rate in the 
elevated temperature studies could not be attributed to digoxin chemical 
decomposition, as shown by the assay of both products. For the product 
studied for 8 weeks, the aging effect continued throughout this period 
(Fig. 7). 


Based on the results from powder and tablet studies, it is obvious that 
serious consideration should be given to the possible aging effect of all 
solid digoxin products when evaluated by either the dissolution or the 
oral absorption method. A freshly manufactured product that has passed 
the dissolution and absorption tests might not pass these tests after 
storage. The potential clinical implications are obvious. These results 
should be regarded as preliminary since the experimental conditions were 
not very realistic. 


The thermal analysis studies on digitoxin generally paralleled those 
of digoxin since digitoxin has only one hydroxyl group less than digoxin. 
Most of the discussion on digoxin can also be applied to digitoxin. 


As shown in Fig. 9 and Table V, the melting ranges from the three 
untreated sources varied less than for digoxin. The widest range was 33', 
found in digitoxin S. The final melting points for both digoxin and digi- 
toxin in the present study were all much less than those reported in most 
of the literature (Table I). Although a very narrow melting range 
(256-257') was reported for digitoxin from once source (17), it probably 
represents the final melting temperatures a t  which most of the sample 
was "observed" to melt. 


The reason for the rough baseline below the beginning melting tem- 
peratures of digitoxins L and S is unknown. This phenomenon was not 
found in digitoxin Z or in the untreated commercial digoxin samples. The 
apparent endothermic peaks at -135-140' found in the digitoxin L and 
S samples might be due to the eutectic melting caused by impurities (20, 
22). This contention is supported by the fact that the official pharma- 
copeia only requires that digitoxin (powder) contain 290.0 and 5101.0% 
(mean 95.5%) of pure digitoxin calculated on the dried basis (ll),  thereby 
allowing the presence of a significant amount of impurity. However, for 
official digoxin powder, a concentration range of 97-103% (mean 100%) 
is required (11). 


The differential scanning calorimetric thermograms from two tritu- 
rated digitoxin samples are shown in Fig. 10. Significant endothermic 
and exothermic properties prior to melting were observed in both sam- 
ples, indicating the presence of an amorphous form after trituration. No 
reduction in the final melting temperature was found in the triturated 
Z sample. 
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Figure 12-Dynamic solubility study in water at 37' on the untritur- 
ated (bottom) and triturated (top) digitoxin L powder. 
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Table VI-Average Solubilities of Digitoxin from Various 
Sources in  Water at 37” after 24 h r  of Equilibration 


REFERENCES 


Source 
Solubility, 


udml 


Z 
Z triturated 
L 
L triturated 
S 


15.2 
15.8 
8.0 
15.8 
1o.n 


The results of the digitoxin solubility studies are summarized in Table 
VI. An almost twofold difference in the apparent equilibrium solubility 
was found between the Z and S samples. The highest solubility found in 
the Z sample (15.2 pglml) is 3.2 times that (4.8 pg/ml) reported in a pre- 
vious study (251, indicating marked variations with the sources of ma- 
terial. 


Trituration had a significant enhancement effect on the L sample but 
not on the Z sample. Such a discrepancy could be rationalized by the 
results from the dynamic solubility studies (Figs. 11 and 12). 


Similar aging effects were also observed for the untriturated digitoxin 
stored at room temperature (for example, the thermal study of digitoxin 
L, Table IV). For the digitoxin Z sample, the solubility also decreased 
with time (Table VI and Fig. 11). The dynamic solubility study was 
conducted several months after the equilibrium solubility study. 


The results of this preliminary study on digoxin and digitoxin raise 
many questions regarding the physicochemical properties and quality 
control of both cardiac glycosides: A more detailed and systematic in- 
vestigation on the mechanisms behind the wide range and variation in 
melting, dissolution, and solubility is needed. The effect of particle size 
on these properties should be evaluated. All samples used in. this study 
appeared to be very fine. For example, the particle size of digitoxin L1 
ranged from 3.1 to 12.4 pm from the microscopic study and that of digi- 
toxin L ranged from 12.4 to 86 pm. 


Other questions remaining to be answered include: 
1. Could a stable form with a sharp melting point be found for both 


drugs, and what is the most thermodynamically stable form? 
2. How pure is the powder that meets all pharmacopeial require- 


ments? 
3. What are the effects of aging on dissolution and bioavailability, and 


are current regulatory requirements in these aspects adequate? 
4. Could more water-soluble hydrates or solvates of both drugs be 


prepared? 
5. Could a quantitative differential scanning calorimetric method be 


established for powder quality control? In this study, no attempts were 
made to evaluate thermal energy either quantitatively or qualitatively. 
This energy possibly might be directly related to dissolution and solu- 
bility. 
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Abstract o From the total lipid fraction of dog peritoneal dialysate after 
freeze drying and extraction, a hypotensive phospholipid was isolated 
through silicic acid, cellulose, and Sephadex LH-20 column chromatog- 
raphy in a pure grade; it showed a single spot on TLC. The purified hy- 
potensive factor, designated as Peritoneal Dialysate Depressor-I, elicited 
potent depressor responses in anesthetized rats, and its threshold dose 
was -35 pglkg. The material resisted proteases and 15-hydroxyprosta- 
noate oxidoreductase. In mobility on TLC, the hypotensive factor was 
distinguishable from water-soluble hypotensive substances and also from 
depressor lipids. Judging from its behavior on TLC and column chro- 
matography during the purification procedure, the hypotensive factor 
seems to be a choline-containing phospholipid and shows the general 
characteristics of lysolecithin, except for its potent hypotensive activity, 
instability, and positive reactions against 2,4-dinitrophenylhydrazine 
and 2’,7’-dichlorofluorescein on TLC. The molar ratio of phosphorus- 
glycerol-choline-ester was -1:1:1:0.8. Most of the fatty acids were sat- 
urated ones such as stearic and palmitic acids. 


Keyphrases 0 Antihypertensive agents-endogenous lipids, phos- 
pholipid from dog peritoneal dialysate, TLC, IR, NMR analysis 0 
Phospholipids-antihypertensive activity, endogenous phospholipid 
from dog peritoneal dialysate, TLC, IR, NMR analysis 


Reports concerning the cardiovascular activity of en- 
dogenous lipids other than prostaglandins, especially 
phospholipids, have presented only limited information. 
Certain papers reported the renin inhibitory activity of 
lysophosphatidylethanolamines (1 -acyl-sn -glycero-3- 
phosphoethanolamine) (1-4). Martini and coworkers 
(5-12) extracted vasoactive lipids from various sources, but 
the compounds remain unpurified. Previous papers re- 
ported purification of the vasoactive lipids in the tissues 
and fluids and isolation of “Depressor-I” (13) and 
2,2,6,6-tetramethylpiperidone-(4) (14) from normal and 
protease-treated bovine brains, respectively. 


The hypotensive activity of synthetic L-a-lysolecithins 
(l-acyl-sn-glycero-3-phosphocholine), carrying various 
fatty acid moieties on anesthetized rats also was reported 
(15). Moreover, a strong and unique vasoactivity was ob- 
served in L-a-lysophosphatidic acid (1 -acyl-sn-glycero- 
3-phosphate) obtained from crude soybean lecithin 
(16-18). 


The present paper reports the chromatographic puri- 
fication of a potent hypotensive factor from dog peritoneal 
dialysate. The substance is considered to be a phospholipid 
and tentatively designated as Peritoneal Dialysate De- 
pressor-I. 


EXPERIMENTAL 
Chemicals-Prostaglandins were used as received’. L-a-Lysolecithin 


(palmitoyl), DL-a-lecithin (dipalmitoyl) (1,2-dipalmitoylglycero-3- 
phosphocholine), and sphingomyelinz (from bovine brain) were used 
without further purification. Also used as received were urethan3 and 


1 Gilt f’rorn Ono Pharmaceutical Industries Co. Ltd., Japan 
2 Sigma. 


:3 Wakii, Japan. 


pentobarbital sodium4. Chloroform, methanol5, and other solvents were 
redistilled before use. 


Bioassay-For routine assay, male Wistar rats, 240-260 g, were used 
under urethan anesthesia (1.8 g/kg ip) or pentobarbital anesthesia (50 
mgkg ip). The trachea and left carotid artery or left femoral artery were 
cannulated, and the latter was connected to a direct-writing mercury 
manometer. The arterial blood pressure response was recorded on a 
slow-moving smoked drum. The pressure response also was recorded by 
a pressure transducer6 connected to a multipurpose polygraph7. 


The right femoral vein was cannulated and connected to a polyethylene 
tube for sample application. Samples were dissolved in 0.15 ml of saline 
(0.9% w/v NaCl), injected, and flushed with 0.1 ml of saline. 


Purification of Peritoneal Dialysate Depressor-I-Conscious adult 
dogs were injected with 50-100 ml of 5.5% glucose solutionkg ip, and 
peritoneal dialysate was withdrawn after 3 hr according to a literature 
method (9). The dialysate was frozen immediately, lyophilized, extracted 
with chloroform-methanol (2:l v/v), and washed with one-fifth of its 
volume of 0.7% NaCl solution (19). The chloroform-rich layer was sepa- 
rated and dried in uacuo. Approximately 300 mg of the total lipid frac- 
tionhiter of peritoneal dialysate was obtained. Because the crude extract 
(I) thus obtained was soluble in ethanol and partially soluble in acetone, 
it appeared that the lipid fraction consisted of simple lipids and leci- 
thin. 


For the purification of the crude extract (I), columns were prepared 
as follows: 


1. Silicic acids was activated at l l O o  overnight and partially deacti- 
vated (activity I1 B) before use. Silicic acid (50 g) and magnesium trisil- 
icateg (25 g) were washed twice with 500 ml of chloroform and hexane and 
poured into a 2.8 X 60-cm glass column. 


2. Fourteen grams of cellulose10 was suspended in 40 ml of 95% 
methanol and poured into a 1.8 X 35-cm glass column. The column was 
washed with methanol and chloroform. 


3. One hundred grams of Sephadex LH-20’’ was washed with 500 ml 
each of methanol, chloroform, and chloroform-methanol (1:l v/v) or 
acetone-ethanol (1:l v/v). The mixture was poured into a 2.7 X 90-cm 
glass column. 


The crude extract (I) was applied to the top of the silicic acid column. 
Discontinuous gradient elution was carried out with hexane, hexane- 
chloroform (1:l v/v), chloroform, and chloroform-methanol (98:2,95:5, 
90:10,80:20, 7030, 6040, 5050, and 4060 v/v). Finally, methanol was 
applied. Five hundred-milliliter portions of the eluates were collected. 
An aliquot of each fraction was used for assay or phosphorus determi- 
nation. The depressor activity was located in the chloroform-methanol 
6040,5050, and 4060 (v/v) eluates. 


From 1.29 g of I equivalent to 4200 ml of peritoneal dialysate, 596 mg 
of the active fraction (11) was obtained. Fraction I1 was applied to a cel- 
lulose column, and I11 was obtained. Fraction 111 was further subjected 
to a Sephadex LH-20 column, eluting with chloroform-methanol (1:l 
v/v). The depressor activity (1V) was eluted in the fractions of the first 
150-180 ml. 


Finally, IV was chromatographed on another Sephadex LH-20 column 
with acetone-ethanol (1:l v/v). The depressor factor was eluted in the 
first 190-210 ml and purified to an almost pure grade chromatographi- 
cally (active fraction V). 


TLC-In the routine work, the lipids in the chromatographed fractions 


4 I)ainippon, Japan. 
Nakarai, Japan. 


fi Nihon Kohden MPU-0.5. 
7 Nihon Kohden RM-45. 
8 Mallincknidt AR 100 mesh. 
9 Hyflosuper-cel. 


lo Toyoroshi 300 mesh. 
Pharmacia. 
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5t Table I-Mobilities of a Peritoneal Dialysate Depressor-I on 
TLC a 


20 30 40 50 60 70 80 90 100 110 120 1 
TUBE NUMBER 


Figure 1-Elution profile of Peritoneal Dialysate Depressor-I on a 
cellulose column. Active fraction I I  obtained through silicic acid chro- 
matography (284 mg) of 2000 ml of original peritoneal dialysate was 
subjected to a cellulose column and developed with chloroform-meth- 
anol with stepwise polarity increases. Ten milliliters of eluate was 
collected. An aliquot of each tube was taken, dried, dissolved in saline, 
and bioassayed on an anesthetized rat. Phosphorus was determined 
according to the method described by Chalvardjian and Rudnicki 
(21 ). 


were monitored by TLC on a silica gel plate12 with acidic, neutral, and 
basic solvent systems. The lipids were detected by charring with ethanolic 
sulfuric acid reagent or exposure in iodine vapor. Antimony trichloride, 
ethanolic phosphoric acid, phosphomolybdate, potassium permanganate, 
and 2',7'-dichlorofluorescein spray reagents were used. The following 
specific spray reagents were used also: Dittmer's for phospholipids, 
Dragendorff's for choline bases, ferrous hydroxamate for ester groups, 
osmic acid for unsaturated bonds, ninhydrin for amino groups, am- 
moniacal silver nitrate and diphenylamine (acid free) for sugar moieties, 
benzidine for amide groups, mercuric chloride-Schiff s for plasmal, fer- 
rous rhodanide for peroxide groups, periodate-Schiff s for a-glycol 
groups, and blue tetrazolium for corticoid moieties. 


To identify the active material, preparative TLC was performed on 
a silica gel plateI2. The active fraction (V) was spotted as a streak in the 
central part of a plate, and the plate was developed with chloroform- 
methanol-water (70:305 v/v) a t  -20' in the dark. Each desired zone of 
the central plate was scraped off horizontally and extracted with chlo- 
roform-methanol (1:1 v/v) and with methanol containing acetic acid (0.2 
ml in 100 ml). The extracts were decanted off, filtered through a glass 
filter packed with a small amount of magnesium trisilicateg, combined, 
and evaporated to dryness for bioassay. Most extraction procedures were 
carried out a t  4' and compIeted within 6 hr. 


For the partition experiment, aliquots of fraction V, dissolved in n- 
butanol, were added with equal volumes of distilled water, which were 
first adjusted to the desired pH. After vigorous shaking for 10 min at room 
temperature, n-butanol layers were separated from aqueous layers by 
centrifugation. 


Both layers were neutralized and evaporated in uacuo for bioassay. 
The stability of the active material (V) was examined. Aliquots of V were 
dissolved in distilled water, adjusted to the desired pH, and incubated 
at  37' for 8 hr. The aqueous solutions were dried in uacuo after neu- 
tralization for bioassay. Fraction V was incubated with subtilisin or 
trypsin in phosphate buffer at pH 7.0 at  37' for 30 min. 


Each reaction mixture was extracted with chloroform-methanol (2:l 
v/v) three times and washed (19). The combined organic layers were dried 
over anhydrous sodium sulfate and evaporated in uacuo. Fraction V was 
tested with 15-hydroxyprostanoate oxidoreductase (20). To estimate the 
functional groups in V (194 pg containing 9.2 pg of phosphorus), various 
chemical reactions were tested and the recoveries of depressor activity 
were examined as follows: 


1. With 5 ml of 0.1% hydrogen peroxide solution, the sample was kept 
a t  25" for 30 min. An aliquot was assayed after drying in vacuo. 


2. In 2 ml of chloroform sample solution, 10 ml of diluted bromine 
solution in chloroform was added, and the mixture stood at room tem- 
perature overnight. 


3. To the sample dissolved in 5 ml of chloroform, diazomethane was 
added; the solution was kept a t  0' for 12 hr in the dark. 


~~ ~~ 


l2 Merck silica gel plate 60,9.25-mm thickness. 


Substance Solvent 1 b Solvent 2c Solvent 3d 


Peritoneal Dialysate 0.18 0.29 0.13 


Prostaglandin A2 0.89 0.97 0.83 
Dinoprostone 0.82 0.93 0.73 
DL-Lecithin 0.52 0.86 0.53 


Sphingomyelin (from bovine 0.29 0.61 0.35 


Depressor-I 


L-a-Lysolecithin 0.16 0.28 0.11 


brain) 


0 Silica gel 60 TLC plate and iodine va or detection. * Chloroform-methanol- 
acetic acid-water (260100:4:14 v/v). Chkroform-methanol-water (70305 v/v). 
d Chloroform-methanolLO.3 N ammonia (23090:15 v/v). 


4. A chloroform solution of the sample and triphenylphosphine (500 
pg) was allowed to stand for 5 hr. 


5. A mixture of the sample dissolved in chloroform and phenyl iso- 
cyanate (5 mg) dissolved in dry benzene (2 ml) was left for 24 hr, treated 
with ethanol, dried, extracted with chloroform, and centrifuged. Both 
extract and sediment were bioassayed suspended in saline containing 2% 
polysorbate 8013. 


Analytical Procedure-Phosphorus was determined by the Chal- 
vardjian-Rudnicki method (21). The glycerol (22) and choline (23,24) 
contents were also determined. Fatty acid methyl esters prepared by 
methanolysis (25) were determined by GLC14 and confirmed by combined 
GLC-mass ~pectrometry'~. The inlet system was equipped with a glass 
column (3 mm i.d. X 2 m) packed with 1.5% SE-30 on 60-80-mesh Gas 
Chrom 6 3 .  


The column temperature was increased from 150 to 260' at a rate of 
5'/min; the injection temperature was 260'; the carrier gas was helium 
at 40 ml/min. The molecular separator was maintained a t  260°, and the 
mass spectrometer ion source was at  270'. Accelerating voltage was 3.2 
kv. Spectra were recorded at  ionizing energies of 20 and 70 ev. The IR 
spectrum16 was recorded by liquid film. NMR" was measured by dis- 
solving V (15 mg) in 0.35 ml of deuterochloroform. 


RESULTS 


Purification of Peritoneal Dialysate Depressor-I-By the de- 
scribed extraction procedure, the hypotensive factor in dog peritoneal 
dialysate was extracted with high efficiency, and the procedure was more 
advantageous than previously reported methods. Previous investigators 
(7-9, 11) reported that the crude extract obtained by their methods 
elicited hyper- or hypotensive responses, depending on the oxidation- 
reduction state of the extract. However, the total lipid fraction of dog 
peritoneal dialysate obtained in the present investigation elicited only 
depressor responses by intraperitoneal injections into anesthesized 
rats. 


The behavior of the lipid fraction toward solvent fractionation suggests 
that the crude lipid contains no cephalins or mucolipids and that the 
hypotensive factor possibly belongs to the lecithin fraction. On silicic acid 
chromatography, a depressor factor was located on the eluates obtained 
at  the near chloroform-methanol (5050 v/v) mixture; no detectable 
hyper- or hypotensive activity was observed in other fractions. In sub- 
sequent cellulose chromatography, the depressor activity was located in 
the chloroform-methanol eluates (937,928, and 91:9 v/v) (active fraction 
111) (Fig. 1). This cellulose chromatography was followed by gel filtra- 
tion. 


The elution pattern on a Sephadex LH-20 column eluting with chlo- 
roform-methanol (1:l v/v) is depicted in Fig. 2. The chemical analysis 
showed the association of detectable organophosphorus with the hypo- 
tensive activity, suggesting that the active factor was a phospholipid re- 
sembling lysolecithin and apparently distinguishable from primary 
prostaglandin family compounds (active fraction IV). In the last chro- 
matography on the second Sephadex LH-20 column, eluting with ace- 
tone-ethanol (1:l v/v), the remaining minor contaminants such as 
sphingomyelin and lecithin were eliminated (active fraction V). The 
active depressor factor showed a single spot on TLC with three different 
solvent systems (Table I). Through purification procedures, the depressor 


I:' Tween 80, Nakarai, Japan. 
l4 Shimadzu gas chromatograph GC-5A. 
Is Hitachi GC-mass spectrometer RMU-6M equipped with datalyzer system. 


l7 .led NMR spectrometer JNM-PS-100. 
Hitachi grating IR spectrophotometer EPI-GII. 
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Figure 2-Elution profile of Peritoneal Diatysate Depressor-I on a 
Sephadex LH-20 column. Active fraction ( I I I )  obtained through silicic 
acid and cellulose chromatography (3.50 mg), equivalent to 400 ml of 
original peritoneal dialysate, was subjected to a Sephadex LH-20 col- 
umn and eluted with chloroform-methanol (1:l v/v). Ten milliliters of 
the eluate was collected. Bioassay or phosphorus determination was 
carried out in the same manner as in Fig. 1. Arrows show locations of 
reference compounds: 1, tripalmitin; 2, L-a-palmitoyl-lysolecithin 
(1-palmitoyl-sn-glycero-3-phosphocholine); 3, palmitic acid; 4, pros- 
taglandin A2; and 5, cholesterol. 


activity was recovered almost quantitatively at  each stage and the hy- 
potensive factor Peritoneal Dialysate Depressor-I was purified -150-fold 
over the crude extract (I). Per liter of original peritoneal dialysate, 1.94 
mg of purified hypotensive factor (V) was obtained, which corresponded 
to 4.65% of the total dog peritoneal dialysate lipid and contained -92 
pg of phosphorus. 


The blood pressure responses of an anesthetized rat to the intravenous 
injections of the purified Peritoneal Dialysate Depressor-I preparation 
and to acetylcholine are shown in Fig. 3. A dose of 117.3 pg of the prep- 
arationk (4 U/kg) evoked a brief hypotensive response (-25 mm Hg) 
similar to that from acetylcholine. The purified preparation depressor 
activity was represented with a unit (U) value utilizing acetylcholine as 
a standard agent. The threshold dose was -35.2 pglkg (1.2 Ulkg). 


Chemical Properties of Peritoneal Dialysate Depressor-I-Al- 
though the purified preparation of Peritoneal Dialysate Depressor-I 
shows a single spot on TLC, whether the spot was responsible for the 
hypotensive activity was not certain. To solve that question, preparative 
TLC was carried out at -20'. The zone where the depressor activity was 


140[ 


E .i E 


80 1 1  U I 
A 


MINUTES 
Figure 3-Arterial blood pressure of an anesthetized rat following in- 
travenous injections of acetylcholine and purified Peritoneal Dialysate 
Depressor-I. A male Wistar rat, 250 g, was anesthetized with pento- 
barbital (50 mglkg ip). Arrows show intravenous sample injections: A, 
acetylcholine, 5 X glkg; and B, purified Peritoneal Dialysate 
Depressor-I, 4 Ulkg (117.3 pglkg containing5.57 Fg of phosphoruslkg 
or 0.18 pmole of phosphatelkg). The hypotensive activity of the purified 
factor was represented with a unit value. One unit ( U )  equals the re- 
sponse produced by injection of 5 X g of acetylcholinelkg into the 
femoral vein of an anesthetized rat weighing 250g; horizontal scale = 
2 min. 


/-- 
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PARTS PER MILLION 
Figure 4-NMR spectrum of Peritoneal Dialysate Depressor-I. 


recovered corresponded to the spot identified by exposure in iodine vapor; 
the recovery of the hypotensive activity was excellent (-90%). 


The spot also was detectable by charring with ethanolic sulfuric acid 
reagent or by staining with antimony trichloride, ethanolic phosphoric 
acid, phosphomolybdate, 2',7'-dichlorofluorescein, or potassium per- 
manganate reagent. It gave positive tests against the sprays of Dittmer's, 
Dragendorff s, ferrous hydroxamate, and osmic acid reagents but negative 
tests against the sprays of ninhydrin, ammoniacal silver nitrate, diphe- 
nylamine (acid free), benzidine, mercuric chloride-Schiff s, ferrous 
rhodanide, periodate-Schiff s, and blue tetrazolium reagents. 


A comparison of Rj values of Peritoneal Dialysate Depressor-I with 
other compounds is shown in Table I. In three different solvent systems, 
the depressor factor was distinguishable from water-soluble known hy- 
potensive substances such as acetylcholine, histamine, serotonin, and 
adenosine derivatives and from known depressor active lipids such as 
prostaglandins and arachidonic acid, although all data were not listed. 
In a comparison with polar lipids, Peritoneal Dialysate Depressor-I 
strongly resembled lysolecithin. A purified preparation of the depressor 
active factor was readily soluble in polar solvents (methanol, ethanol, and 
n-butanol) but sparingly soluble in nonpolar solvents (n-hexane, benzene, 
ether, and ethyl acetate). In partitioning behavior between n-butanol 
and aqueous media at pH 3.0, 7.0, and 10.0, most depressor activity 
(-95%) was recovered from the organic layer regardless of the pH. 


The preparation was relatively unstable and tended to lose activity 
when exposed to room temperature for a long time, especially when al- 
kaline. The material in a syrup form, however, could be stored for months 
below -20' under a nitrogen atmosphere without loss of activity. When 
the preparation stood in aqueous media at 37' for 8 hr at pH 3.0 and 7.0, 
the depressor activity recoveries were -80 and loo%, respectively, 
whereas the recovery was only -40% at pH 11.0. Since the depressor ac- 
tivity of Peritoneal Dialysate Depressor-I was unaffected by incubations 
with proteolytic enzymes such as subtilisin and trypsin, it is not a peptide 
like substance P or bradykinin. 


Neither prostaglandin E nor F was found in the purified preparation 
by a fluorometric determination based on an enzymic cycling system 
utilizing resazurin, nicotinamide adenine dinucleotide (nadide), and 
15-hydroxyprostanoate oxidoreductase. No prostaglandins A, B, E, nor 
F were detected by GLC in the preparation. 


For assessment of functional groups, examinations were performed 
for estimating the depressor activity recovery after treatment with various 
chemical reagents. After oxidation with 0.1% hydrogen peroxide, the 
hypotensive activity disappeared completely. The activity was sub- 
stantially (-50%) damaged by bromine absorption; after treatment with 
cold diazomethane or triphenylphosphine, the depressor activity was 
recovered. Phenyl isocyanate destroyed the hypotensive activity. 


No special IR or NMR absorption or signal was observable in the bio- 
logically active substance; only those corresponding to common lysolecithin 
were found, suggesting that the active factor may be a minor component 
in the lysolecithin fraction. The following absorptions were observed in 
the IR spectrum of the hypotensive factor: 3400,2920,2840,1730,1470, 
1380,1230,1085,1050, and 970 cm-'. The NMR spectrum (Fig. 4) showed 
the following signals (6): 0.88,1.3,2.26,3.30, and 3.6-4.6 ppm. 


In the chemical analysis of the purified Peritoneal Dialysate Depres- 
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sor-I preparation, the molar ratio of phosphorus-glycerol-choline was 
1.00:0.99:0.97. The ratio of phosphorukester was 1.00:0.81 for the sample 
obtained by methanolysis of the active fraction. In the fatty acid analysis 
with GLC-mass spectrometry, stearic (54.0%) and palmitic (39.4%) acids 
were found most abundantly, similar to lysolecithins in mammalian or- 
gana and fluids. Oleic (3.1%) and myristic (1.8%) acids were the next most 
abundant. No other acids were detectable. No methylal of long chain 
aldehyde due to plasma1 was detected. 


DISCUSSION 


In the present investigation, the hypotensive factor Peritoneal Dial- 
ysate Depressor-I was highly purified to show a single spot on TLC by 
extraction and repeated column chromatography. This active factor 
showed brief, potent hypotensive effects in anesthetized animals in 
dosages of some 10 pg/kg. Peritoneal Dialysate Depressor-I was a prin- 
cipal vasoactive factor in the total lipid fraction of the dog peritoneal 
dialysate, but its content was very minor. 


Judging from the mobilities and findings obtained by TLC, the de- 
pressor factor resembles lysolecithin, and its effect was not due to known 
water-soluble compounds such as acetylcholine, histamine, serotonin, 
adenosine derivatives, lactic acid, or 2,2,6,64etramethylpiperidone-(4). 
The active peptides may be eliminated by the study with proteolyais. The 
possibility that the depressor effect is ascribable to prostaglandin com- 
pounds may be eliminated because Peritoneal Dialysate Depressor-I was 
more polar than the primary prostaglandin family compounds on column 
chromatography and TLC. On gel filtrations, the depressor active factor 
also was distinguished from prostaglandins. No report with phospholipid 
derivative of prostaglandins has been published. Lands and Samuelsson 
(26) were unsuccessful in isolating a phospholipid prostaglandin deriv- 
ative from l-palmitoyl-2-([2’-*4C]eicosatrienoyl)-glycero-3-phospho- 
rylcholine by incubation with the seminal vesicle microsomal fraction. 


No primary prostaglandin was detected in the hypotensive preparation 
by GLC. The presence of prostaglandins E or F was not detected enzy- 
matically by assaying with 15-hydroxyprostanoate oxidoreductase. The 
hypotensive factor does not belong to a peroxide compound such as the 
prostaglandin endoperoxide intermediate since no detectable color was 
developed by the ferrous rhodanide reagent on TLC. Furthermore, its 
activity was recovered after treatment with triphenylphosphine. 


Other known hypotensive lipids can be eliminated also. Peritoneal 
Dialysate Depressor-I resembles lysolecithin, but apparent differences 
were observed between two. The depressor active factor was detectable 
with 2,4-dinitrophenylhydrazine and by 2’,7’-dichlorofluorescein on TLC. 
In a comparison of hypotensive potency, the depressor factor showed a 
much stronger effect than the usual lysolecithin occurring in mammalian 
tissues. On the basis of phosphorus content, the hypotenaive factor is 4 
times more potent than L-a-stearoyl-lysolecithin (15). The hypotensive 
factor was more unstable than lysolecithin, especially in alkaline condi- 
tiona In the active factor, the molar ratio of phosphorupglycerol-choline 
was -1:l:l; its fatty acid composition was mostly stearic and palmitic 
acids, like brdinary lysolecithin. 


However, the molar ratio of phosphorus-ester was -1.00.8, and this 
molar ratio gap differentiates the active factor from lysolecithin. The 
possibility remains that the active factor is new and different from the 
usual known lysolecithin, although its concentration may be very 
minor. 


Several reports have been published on the hypotensive effects of ly- 
sophosphatidylethanolamines extracted from various animal kidneys 
(1-4). The effects of lysophosphatidylethanolamines were only observed 
in rats under physiologically abnormal conditions (acute or chronic renal 
hypertension) and were considered to be due to inhibition of the renin- 
angiotensin-aldosterone system. On the other hand, L-cu-lysophos- 


phatidic acid had strong hypertensive effects in rats and strong hypo- 
tensive effects in cats (18), although L-a-lysophosphatidic acid was first 
obtained from crude soybean lecithin (16,17). The lyso-type phospholipid 
xtructure appears to have a close relation to the cardiovascular effect. 
Peritoneal Dialysate Depressor-I is considered to be a phospholipid 
closely resembling lysolecithin and possibly an analog, although its 
chemical structure remains undefined. Further pharmacological prop- 
erties of the hypotensive factor will be reported. 
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from the clinical trial are intended for designing a rational 
dosage regimen. The mean volume of distribution calcu- 
lated from the test subjects should accurately predict their 
own plasma levels, even if the information is not intended 
for designing a rational dosage regimen. 


In some studies, all individual plasma or serum data 
from the test subjects were grouped together and the 
pharmacokinetic analysis was performed based on these 
arithmetical averaged plasma or serum data (9). In in- 
travenous bolus studies, the calculated mean initial volume 
of distribution obviously will be identical to  the value 
calculated by the harmonic mean method and different 
from that calculated by the arithmetic mean method. This 
fact, which has probably not been pointed out before, 
might contribute to the difference in values reported from 
different studies. 


In an earlier study (10) on clinical theophylline phar- 
macokinetics, the investigators reported that, depending 
on the methods used to calculate the mean total body 
clearance, as much as a 25-30% difference in the recom- 
mended infusion rate could occur. This phenomenon was 
considered as “unfortunate” (10). This author has made 
a similar analysis as presented in this communication and 
concluded that the best method for calculating the mean 
total body clearance in designing a rational dosage regimen 
is the harmonic mean method. Details of analyses will be 
reported later. 


The preceding discussion is based on the assumption 
that the arithmetic mean method be used for the calcula- 
tion of the mean plasma level. This approach was justified 
because the arithmetic mean method has been used almost 
exclusively for averaging peak, trough, steady-state, or 
mean steady-state plasma levels of drugs or metabolites 
in pharmacokinetic studies. This is probably also the case 
with mean levels of endogenous substances such as creat- 
inine and urea reported in the literature. Statistically 
speaking, if the geometric, harmonic, or other mean 
method can be shown to be the best method for averaging 
plasma level data, then a different conclusion regarding 
the proper method for averaging the apparent volume of 
distribution can be obtained. The method proposed here 
can be applied to the calculation of other mean volumes 
of distribution such as the distribution volume at  steady 
state. 


In estimating the apparent volume of distribution of 
drugs after oral administration, the potential hepatic and 
pulmonary first-pass effects are often ignored. Appropriate 
equations are available for correcting for such effects 
(11-13). The harmonic mean method has been recom- 
mended for the calculation of the mean biological half-life 
of drugs (14). 
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Prostaglandin Prodrugs IV: 
Empirical Relationship between Functional 
Group Contributions and 
Melting Points of C1-Esters 


Keyphraees a Prostaglandins-influence of functional group on melting 
points, dinoprostone and dinoprost C1-esters 0 Prodrugs-prostaglan- 
dins, influence of functional group on melting points, dinoprostone and 
dinoprost C1-esters Dinoprost and dinoprostone C1-esters-influence 
of functional group on melting points 


To the Editor: 
Many prostaglandins occur as viscous liquids a t  room 


temperature, which presents problems in various phar- 
maceutical processes such as weighing and formulation. 
We recently showed that certain crystalline esters of the 
E-series prostaglandins are remarkably more stable than 
the parent prostaglandins (1). Now, based on melting- 
point data of numerous dinoprostone (I) and dinoprost (11) 
C1 -esters accumulated in our laboratories, we present a 
functional group contribution analysis of the influence of 
structure on melting points. 


In principle, the melting point (T,) of a substance can 
be calculated from: 


(Eq. 1) 


where AHf and AS, are the heat-and the entropy of fusion, 


c C z 2 O O R  ! 


6 H  OH 


I: C,-ester, X = X = O  


/H 
11: C,-ester, X = >C, , 


‘OH 
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Table I-Group Contribution Values to Heat of Sublimation a 


Group AH,", kcal/mole Group AH:, kcal/mole 


40' 


-CH3 
-CZH5 
-CHz- 
=CH- 
Phenyl 
Naphthyl 
-NH2 


-NH:! 
(aliphatic) 


(aromatic) 


-NH 


-NH 
(aliphatic) 


(aromatic) 


(aliphatic) 


(aromatic) 


-NO:! 


-NO:! 


- 
I I I I I I I I I I 


2.45 
4.28 
2.0 
2.0 


8.4 + - 
15.0 


1.6b 
N 


6.35 


6.5 


4.5 


6.5' 


9.6 


6.8 


-0-, aliphatic 
-0-, aromatic 
-OH, aliphatic 
-OH, aromatic 
>C=O, aliphatic 
>C=O, aromatic 
>C=O, hetero- 


aromatic 
-F, aromatic 


0 
II 


-0-C, aliphatic 


-Br, aliphatic 


-Br, aromatic 


-1, aromatic 


1.55 
1 .o 
8.2 
6.8 
5.6 
3.6 
6.0 


1.9 


4.4 


3.34 


4.28 


5.03 


" See Ref. 2 for more extensive data. * Number of carbon atoms in the ring sub- 
stituents. Approximated value. 


respectively. When a given substance undergoes an iso- 
thermal process, thermodynamic parameters associated 
with the process such as AHf and ASf can be approximated 
as the sum of the contributions of each functional group 
present in the molecule. For an ester, we would like to 
consider the values of AH1 and AS, as the sum of the 
contributions by the prostaglandin (PG) and the ester 
alkyl or aryl (R) moieties. Thus, Eq. 1 becomes: 


A H p  + My 
T,,, = 


AS:' + AS? (Eq. 2) 


The prostaglandin group 'contribution should be con- 
stant for a series of prostaglandin C1-esters, whereas the 
R group contribution varies depending on the structure. 
This group contribution approach appears to be quite valid 
for a series of dinoprostone C1-phenyl esters in which the 
melting points are well correlated with those of the parent 
phenols (1). 


In the present analysis, instead of handling both the heat 
and the entropy contributions, we are making a key as- 
sumption that the overall entropy of fusion is constant for 
the following two reasons. First, the group entropy con- 
tribution of the prostaglandin group is expected to pre- 
dominate, mainly because the molecular size of these esters 
is largely determined by the prostaglandin group rather 
than the R group. The molecular weights of the esters are 
rather constant (570 f 100). In this context, the entropy 
of fusion is considered to consist of two components: that 
due to the volume change and that due to the true entropy 
change upon fusion at  constant volume (2). Thus: 


AS:' + ASP z ASP; = cnnstant (Eq. 3) 


Second, we can approximate ASfPG to be constant if AS? 
cannot be neglected with respect to ASfp": 


AS? = ASP - AS: (Eq. 4) 


where AS: and AS: are the entropies of sublimation and 
vaporization, respectively. The entropy of sublimation is 
relatively constant for organic compounds of moderately 
constant size. For example, of 136 compounds for which 
AS,v values were compiled (3), over 100 compounds showed 
AS, values within 50 f 15 eu. As expected, extreme de- 
viations are reported when the compounds become very 


t 170". 


1 6O0F 


150' 


f 100 


H 90" 


I- 
2 


w 


8ool 7 0" 6ot 5 0" 


1. 


6 0  70 10 


011 ';6 
14 l3 


44. 


45 0 


large or very small; e.g., the AS, values for nonadecanoic 
acid and acetic acid are 151.2 and 25.7 eu, respectively (3). 
On the other hand, following Trouton's rule, we approxi- 
mate AS, - 21 eu for pure liquids. Thus: 


ASS = constant (Eq. 50) 


or: 


AS;' + ASS = constant (Eq. 5b) 


In reality, the combination of these two independent 
considerations supports the assumption that ASf in Eq. 
1 is constant for these esters. Now Eq. 2 becomes: 


n 
T , , , = n + p X A H i  (Eq. 6) 


where the summation operates over each functional group 
present in the R group. 


Since no extensive group contribution data on A H f  are 
available in the literature and since AH, is approximately 
proportional to the heat of sublimation (AH,) in a series 
of compounds (2), we explored a relationship between the 
melting points of prostaglandin C1-esters consisting of 


# = I  
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Table 11-Prednkolone C2l-Esters of 
0 


n Melting Point 


0 
1 
2 
R 


2420 
202-203O 
19O-l9l0 
lfin-Ifi2~ 


para-substituted phenyl and substituted alkyl moieties 
and the sum of AH, contributions of each functional group 
present in the R moiety in the ester. Some important AH, 
values used in our study are shown in Table I (2). A 
straightforward additivity rule was applied in calculating 
AHs contributions from the R group. For instance, for the 
p-benzamidophenyl ester of dinoprostone, the AHs con- 
tribution of the phenolic moiety is the sum of 2 X 10.0 for 
phenyl, 6.5 for >C=O, and 5.6 for -NH-, giving 32.1 
kcal/mole. 


The relationship between the melting points of 22 di- 
noprostone C1-esters and 25 dinoprost C1-esters and the 
AH, contribution of the R groups is shown in Fig. 1. A 
least-squares analysis resulted in a slope of 3.M0/kcal/mole 
of AHs and an intercept, the physically meaningless 
melting point of the prostaglandins without a proton at C1, 
of 26.7’. Although the melting points of dinoprostone 
(63.4O) and dinoprost (-35’) are rather removed, visual 
inspection of the plot gives no indication of two separate 
relationships. The correlation coefficient was 0.851, which 
is surprisingly good considering all of the assumptions and 
approximations involved. 


The reasonably good correlation observed appears to 
reflect the validity of our basic assumption that the pros- 
taglandin group contribution to the melting point is con- 
stant. Both the E and F series of prostaglandins have 
substantial intramolecular interactions between two alkyl 
chains in the solid state (4) and the C1-substituents 
probably do not disturb this basic molecular conformation, 
resulting in a rather constant crystal packing arrangement 
of the esters. 


Of the C1-esters prepared, about 20% of the liquid esters 
are predicted to be solids. Since it was difficult to crys- 
tallize many of the esters (up to 2 weeks of manipulation 
was sometimes required), many of these liquid esters 
possibly could be crystallized under proper conditions. 
Although we attribute the deviations observed largely to 
assumptions in the analysis, they could originate from 
polymorph formation. All of the esters were carefully pu- 
rified by silica gel column chromatography, and it is un- 
likely that the deviations were due to impurities. 


The present analysis applies mainly to terminally sub- 
stituted prodrugs such as the prostaglandin C1-esters. 
Application of the additivity principle may not hold for 
other prodrugs where the modification is a t  an internal 
position. Under these conditions, the assumption that AS, 
is constant is not warranted due to a significantly higher 
entfopy contribution (mainly rotational) brought about 
by modification at an internal position. This situation is 
illustrated by the decrease in melting points observed in 
some prodrug series using internal homologation (Table 
11). This decrease probably is due to an additional increase 
in entropy, which would lower T,,, (Eq. 1). Therefore, our 


group contribution approach is not applicable in this 
case. 


Cautious application of the treatment to terminally 
substituted prodrugs of relatively constant size should be 
of great use in analyzing the influence of structure on 
melting points. In these special prodrug series, the melting 
points may now allow a priori estimates of the influence 
of structure on other related physical properties. 
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Nomompartmental Determination of the 
Steady-State Volume of Distribution 


Keyphrases 0 Volume of distribution-steady state, noncompartmental 
determination, calculations Pharmacokinetics-steady-state volume 
of distribution, noncompartmental determination, calculations 


To the Editor: 


Up to the present time, the use in pharmacokinetics of 
the steady-state volume of distribution (Vd,,) has been 
limited to specific compartmental mammillary models. 
However, mathematical methods usually associated in 
medicine with the use of indicator dilution curves to de- 
termine cardiac output and with the determination of 
mean residence time of endogenous substances following 
radiolabeled tracer injection permit Vd,, determination 
without the assumption of a specific compartment model 
(or its analog, the assumption of a specific number of ex- 
ponential functions). 


Riggs (1) introduced the use of an overall volume of 
distribution term, Vd,,, defined specifically with respect 
to the two-compartment open model, with elimination 
taking place from the central compartment: 


(Eq. 1) 


The steady-state volume of distribution, as defined by 
Riggs ( l ) ,  equals the total quantity of drug in the body 
divided by the concentration in the reference region of the 
central compartment when these measurements are taken 
when the tissue compartment contains the maximum 
amount of drug. Riegelman et al. (2) presented an exten- 
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Molecular Connectivity Analysis of Hallucinogenic 
Mescaline Analogs 
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Abstract  The hallucinogenic (psychotomimetic) potency of 10 mes- 
caline analogs was examined by molecular connectivity analysis. 
Potencies could be described by a two-term relating equation, which 
explained 94% of the variance in activity, on the basis of structural vari- 
ation. 2,5-Dimethoxy substitution as well as the nature of the 4-position 
substituent played an important role in determining hallucinogenic po- 
tency. With the relating equation, reasonable potency predictions were 
made for six compounds not included in the initial investigation. 


Keyphrases Mescaline analogs-hallucinogenic activity, struc- 
ture-activity relationships, molecular connectivity analysis 0 Hallu- 
cinogenic agents-mescaline, analogs, hallucinogenic activity, struc- 
t ure-activity relationships, molecular connectivity analysis 0 Struc- 
ture-activity relationships-mescaline analogs, molecular connectivity 
analysis 


Molecular connectivity analysis was used recently in 
studies of the structure-activity relationships of halluci- 
nogenic phenylisopropylamine (amphetamine) analogs (1). 
Hallucinogenic activity could be related to three structural 
descriptors (x terms) by an equation that accounted for 
greater than 8070 of the variance in hallucinogenic potency. 
The relating equation, generated from the amphetamine 
data, was used to predict the hallucinogenic potency of six 
phenethylamine derivatives (mescaline analogs) (1). 


One x term in the original equation encodes the presence 
of the a-methyl group of the amphetamine side chain. 
Being devoid of this cv-methyl group, the phenethylamines 
were predicted correctly to be of lower hallucinogenic po- 
tency (1) .  The correct prediction of the six pheneth- 
ylamine derivative activities may have been fortuitous 
since only one of these six compounds was experimentally 
more active than mescaline in humans. 


Recently, data became available on additional phen- 
ethylamines with potency six to 35 times that of mescaline. 
In light of these findings and of the newly available active 
compounds, it was of interest to reexamine the phen- 
ethylamines as a separate hallucinogenic class. 


EXPERIMENTAL 


Molecular structures can be analyzed in terms of the number of atoms, 
kinds of atoms, honding types, and adjacency environment by the mo- 
lecular connectivity method (2). The method used in this investigation 
was described previously (2)  and has given good results in correlating 
hiological activity with the structures of, for example, hallucinogenic 
amphetamine derivatives ( I )  and lysergide analogs (3). Molecular con- 
nectivity indexes or descriptors ( x  terms) have been computed for each 
compound in this study. A multivariable search of connectivity terms was 
cuxlucted in a regression analysis using a program that considers all 
variahle comhinations. The number of terms employed was limited 
necessarily hy the molecular size and the number of ohservations and was 
governed by statistical considerations. 


Psychotomimetic or hallucinogenic activity measurement is necessarily 
only semiquantitative. Hallucinogenic agent potencies are measured 
relative to a total dose o f  350 mg of mescaline. For example, the dose ot' 
V required to produce an effect similar to that of 350 mg of mescaline is 
10--60 rng (4); thus, for an average 50-mg dose, V is calculated to have a 


potency seven times that of mescaline, or 7 mescaline units. The variance 
in mescaline-unit data has been estimated as -25% (5). Therefore, al- 
though V might possess an activity of -5-9 mescaline units, a value of 
7 mescaline units was used to perform the regression analysis. 


Compounds I and IX are reported to possess an activity of "less than" 
1 and 5 mescaline units, respectively (5). Again, to perform the regression, 
certain assumptions must be made. Thus, activities midway between 
inactivity and the reported activity (i.e.,  0.5 and 2.5 mescaline units, re- 
spectively) were assumed for these compounds. Although I1 has an ac- 
tivity of less than 1 mescaline unit, one study (6) reported an activity of 
0.2 mescaline unit, and this latter value was used in the regression anal- 
ysis. 


RESULTS A N D  DISCUSSION 


The relative hallucinogenic potencies of the 10 phenethylamine de- 


(Eq. 1) 
rivatives can be described by: 


mescaline units = 129 3x: - 4.45 4xp - 14.54 
n = 10 s = 3.W2 r = 0.97 


Although the correlation is significant and explains 94% of the variation 
in hallucinogenic activity, the variation in biological activity measurement 
should he called to attention again. 


The two molecular connectivity indexes important in the equation are 
weighted counts of structural fragments. The 3xy index describes a 
structural feature of three bonds converging a t  one atom (cluster). The 
u denotes the index valence form; that is, the atom 6 assignments are 
based on the atomic valence rather than on the simple degree of adja- 
cency. The 4 x p  index describes a structural feature of four contiguous 
honds in which the atom 6 values are based on the degree of adjacency. 
Several detailed descriptions of the molecular connectivity method and 
the calculation of the indexes were published recently (2). 


From the relating equation, several generalizations can be derived 
about the impact of structural variation on activity. The :'x: term suggests 
that increasing the number of nuclear substituents will generally increase 
potency; compare the activities of I and I1 with those of Ill and IV. This 
is in accord, biologically, with previous findings (7) that those phen- 
ethylamines with high methoxylation serve less well as substrates for 
enzymatic degradation. In addition, the presence of the :'x: term implies 
that  the lower the 6" in the substituent, the higher the potency; i.e., Br 
> CH:, > OCH:, (compare 111, VII, and VIII). 


The 4xp term is related to the phenethylarnine ring substitution pat- 
tern. Because the coefficient for this term in the relating equation is 
negative, the greater the value of the term, the lower is the potency of the 
compound. In the monosuhstituted phenethylamines, an ortho-sub- 
stituent contributes two additional terms and a meta-suhstituent con- 
tributes one additional term as compared to a para-substituent. 
Therefore, the position of the suhstituent would be expected to enhance 
activity in the order: ortho < meta < para. 


For phenethylamines with more than one nuclear substituent, the 4xp 
term indicates that activity is enhanced when two substituents are para 
to one another (para > meta > ortho).  Such Substitution can only be 
realized, in disubstituted molecules for example, when the phenethyl- 
amine is 2,5-disubstituted. 


These statements, which can be quantified using the x terms, echo 
those structure-activity relationships that have evolved in a qualitative 
manner by inspection of a phenethylamine series. Shulgin ( 4 )  reported 
that if the p-methoxy group is replaced with another substituent (higher 
alkoxy, methyl, or halo), there is an unquestioned increase in potency. 
Shulgin (4) commented further that 2,4,5-orientation appears to be more 
et'l'ective than 3,4,5-orientation, although there are too few examples to 
establish this generality. 


Investigations of structure-activity relationships can highlight those 
structural features that influence activity. However, hecause hallucino- 
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Table I-Chi Terms and Activities of Various Phenethylamine Analogs 6 6  


Position Mescaline Units 
Compound 2 3 4 5 6 3 u  x c  ‘ X P  Obs. Calc. 


VI 


A 
XI” 


XII” OCHi .__. 


XIII” OCH; 
XIV“ OCH3 
XV” OCHR 


XVI” 


Br 
-0-CH2-0- 


-0-CH-O- 
OCH3 -0-CH2- 


OCHa OCH3 
OCHs OCH3 


I 
C2H5 


DCHB SCH:I 


-0- 


OCH3 
OCH3 
OCH3 
OCH3 
OCH3 
OCH3 


0.186 
0.236 
0.279 
0.287 
0.287 ~ ~~ 


0.287 
0.364 
0.509 
0.263 
0.287 
0.236 
0.236 
0.344 
0.593 
0.322 
0.383 


2.34 
3.13 
3.77 
3.94 
4.07 
4.18 
3.47 
3.47 
4.34 
4.22 
3.47 
4.06 
5.69 
3.47 
3.77 
3.94 


<1 
<1 
1 
1 
7 
6 
20 
35 
<5 
2 


-1 
<1 


44 
18 
12 


b - 


0-2.0 
0-4.9 


1.9-7.9 
1.6-7.6 
1.3-7.3 
0.9-6.9 
14-20 
33-39 
0-3.7 


0.6-6.6 
0-3.5 
0-4.3 


1.5-7.5 
42-48 
7-13 
14-20 


Not used to derive the relating equation; activities were predicted using the equation. Effective human intoxication levels have not been evaluated fully. 


genic activity cannot be measured with great accuracy and because 
mescaline units do not reflect the route of administration, time of onset, 
and duration of action, one cannot expect to predict hallucinogenic po- 
tency confidently. Furthermore, the potencies used in the regression 
analysis span more than two orders of magnitude (from 0.2 mescaline unit 
for I1 to 35 mescaline units for VIII). In addition, several activities have 
been reported in uncertain terms, i.e., “less than.” This uncertainty is 
reflected by the standard deviations and results in broad ranges of pre- 
dicted activity, particularly for compounds that are only weakly active. 
Conversely, compounds that are the most active and, subsequently, those 
from which the most information might be gleaned should be predicted 
rather well (e.g., VII and VIII). 


Application of the relating equation should, nevertheless, afford a 
relative prediction of activity. To test the relating equation, data from 
several compounds that have not yet been fully evaluated in humans 
and/or were not used in generating the relating equation were compared 
with their predicted potencies. Compounds XI and XI1 are relatively 
weak hallucinogenic agents with potencies similar to mescaline. Both 
compounds are predicted by the relating equation to possess low hallu- 
cinogenic activity. 


Previous investigators (a), employing a modified Bovet-Gatti profile, 
found that 2,3,4,5,6-pentamethoxyphenethylamine (XIII) is behaviorally 
active in animal models with a potency about eight times that of mesca- 
line. With the relating equation, XI11 is predicted to have a potency of 
-4.5 mescaline units. As another example, an iodinated derivative, 4- 
iodo-2,5-dimethoxyphenethylamine (XIV), recently was titrated in hu- 
mans, but effective intoxication levels have not been explored fully. The 
iodo group, which is para to the side chain, possesses a 6” that  is even 
lower than that of a bromo group. In addition, this molecule possesses 
two methoxy groups para to one another ( i e . ,  2,5-dimethoxy). On this 
basis, XIV is predicted by the relating equation to be -42-48 times more 
active than mescaline. Shulgin’ found that the threshold effects of XIV 


1 A. T. Shulgin, unpublished observations. 


were clear at a total dose of 8 mg; this amount corresponds to an activity 
of -44 mescaline units. 


Compounds XV and XVI are an order of magnitude more potent than 
mescaline’ but less active than XIV. Table I reveals that  their activity 
was predicted reasonably well. 


The indexes encode structural information about features contributing 
to hallucinogenic potency. When applied to several examples not included 
in the analysis, the relating equation gives reasonable predictions. The  
structural information derived from this analysis contributes to an un- 
derstanding of structural influence on hallucinogenic potency. 
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Abstract 0 The percutaneous absorption of pH 9.3,0.60 N ammonium 
thioglycolate was ascertained in rabbits. Applications to a clipped skin 
site were made daily for 20 days, and the mortality rate was followed over 
3 weeks. Surfactants, mainly anionic in nature, were incorporated into 
the mixtures a t  0.5% activity, and the LDm or the daily dosage causing 
50% mortality was determined. The lowest toxicity was displayed by 
mixtures with sodium oleate, sodium stearate, and alkyl aryl sulfonate 
(VII) (LD5o: 4.1-4.4 ml/kg); intermediate activity was found with the 
sodium salt of alkyl aryl polyether sulfonate (III), a protein condensation 
product with oleyl chloride (IV), and sodium N-methyl-N- “coconut oil 
acid” taurate (VI) (LD5o: 3.4-3.7 ml/kg); and the highest activity was 
found with technical lauryl sulfate (V), the nonionic aromatic polyglycol 
ether condensate (I), and the cationic alkyldimethylbenzylammonium 
chloride (11) (LD50: 2.3-2.8 mlhg).  The surfactant-free solution was 
relatively innocuous a t  6.5 ml/kg/day. The LDw fell with increased levels 
of wetting agents. The pH 9.3 sodium thioglycolate lotion with 4.0% 111 
lowered the LDm compared to the corresponding ammonium thiogly- 
colate mixture. The percutaneous toxicity decreased when treatment was 
interrupted for several daily periods. Some insight into the penetration 
of 0.60 N thioglycolate through the skin was afforded by administration 
of the 35S-compound at 1.0 mlhg. The application of a pH 8.6 ammonium 
thioglycolate mixture with 4.0% I11 a t  1.0 mlhg  over 20 days increased 
urinary 35S-excretion; the activity fell during the last half of the tests. 
Although the tracer experiments showed some correlation with the 
general qualitative findings for several of the “cold” lotions, discrepancies 
were noted in relation to the LD5o values. 


Keyphrases 0 Thioglycolates-percutaneous toxicity, effect of sur- 
factants, percutaneous penetration, rabbits 0 Cosmetics-thioglycolates, 
percutaneous toxicity, effect of surfactants, percutaneous penetration, 
rabbits 0 Burns, chemical-thioglycolates, percutaneous toxicity, effect 
of surfactants, percutaneous penetration, rabbits 


The evaluation of the percutaneous irritancy of sur- 
factants and other agents is a constant concern to workers 
in the cosmetic field. Extrapolation of animal skin patch 
tests to humans poses many problems. Among the earlier 
approaches toward surfactant screening (1) was an acute 
test involving the administration of large amounts of 
product to the clipped rabbit trunk over which a rubber 
sleeve was fitted. In subacute tests, lower dosages were 
applied to the clipped skin daily for 20 or 90 days. An oc- 
casional reversal in the results between humans and the 
animal species was noted. Since then, numerous reports 
have described patch testing procedures in humans and 
animals with cosmetic formulations and wetting agents 
and have presented pertinent statistical designs (2,3) and 
physicochemical considerations in the absorption (4,5) and 
anatomical changes (6). Middleton (7) noted that surfac- 
tants reduced the water binding with the stratum corneum 
in humid atmospheres. Good correlation between animal 
and human patch tests was found with highly active irri- 
tants and nonirritants, but poor agreement was found with 
materials of mild and moderate activity (8). 


Although thioglycolates, especially the ammonium salt, 
have been used for many years in the permanent waving 
of hair, quantitative percutaneous toxicity data are sparse. 
Draize et al. (9) advanced preliminary subacute toxicity 
findings for rabbits administered a commercial 7% am- 
monium thioglycolate lotion daily at 0.5-4.0 ml/kg. In a 


later report (lo), a 25% sodium thioglycolate solution 
containing a tracer amount of 35S-thiol and without a 
wetting agent was applied once to the clipped skin of sev- 
eral rabbits a t  specified levels. Urinary specimens were 
withdrawn by catheter hourly over 4-5 hr, and the 35S- 
activity was ascertained. Although significant penetration 
occurred, the amount absorbed per unit time showed little 
relation to the applied dosage. Other percutaneous tracer 
studies have been carried out i n  uitro with 14C-labeled 
steroids (ll), in uitro and i n  uiuo with 35S-dimethyl sulf- 
oxide, (12), and i n  uitro with 3H- and I4C-labeled com- 
pounds employing human and hairless mouse skin (13). 


In the current investigation, rabbits were subjected to 
20-day percutaneous tests with pH 9.3, 0.60 N thiogly- 
colate with ammonium hydroxide, among other formula- 
tions. Emphasis was on the changes in toxicity elicited by 
the type and level of wetting agent. The LD50, expressed 
as the daily thioglycolate dosage, was deduced for these 
formulations by the usual statistical practice. For several 
mixtures, 35S-thioglycolate was introduced and the urinary 
radioactivity was determined for single and repeated daily 
application to the skin site. 


EXPERIMENTAL 


Test Materials-Thioglycolic acid of high purity was distilled under 
vacuum. For the mixtures, ammonium hydroxide was added to the acid 
solution to yield 0.60 N ammonium thioglycolate with a final pH of 9.3, 
corresponding to 0.50-0.53 N free ammonia. The commercial wetting 
agents’ were incorporated generally at 0.5% activity. With one product 
(L-71, the acid was treated with ammonium carbonate solution to a final 
concentration of 0.80 M and the pH was increased from 8.2 to 8.6 with 
ammonium hydroxide. Another mixture (L-19) was adjusted to pH 9.3 
with sodium hydroxide. 


For the product containing 0.5% active sodium oleate (L-3). the addi- 
tion of the soap caused creaming on standing. With sodium stearate, the 
solution of the soap in hot water was cooled, and on addition to ammo- 
nium thioglycolate, some precipitation occurred in the resulting system 
(L-4). Preliminary tests also were instituted with a lotion (L-20) con- 
taining 0.20 N-oxidized salt, diammonium dithiodiglycolate of pH 9.30 
with ammonium hydroxide (reducing agent concentration 0.050 N; de- 
tergent I1 a t  4.0% activity). 


Rabbits of either sex were purchased from one Illinois farm and housed 
individually. They were administered a stock pelleted feed and water ad  
libitum. The animals were observed for 2 weeks before use, at  which time 
they weighed 2.3-3.0 kg. With few exceptions, the minimum number 
employed per dosage was 11. 


General Animal Treatment  Procedure-A right lateral site com- 
prising about 15% of the body surface was clipped closely with electric 
clippers 3 days prior to treatment with the mixtures. Animals displaying 
nicks or cuts were excluded. A volume of mixture based on body weight 
was delivered to the skin site with a glass syringe with intermittent in- 


In the tables and text, the commercial wetting agents or surfactants are: I, 
Neutronyx 600 (aromatic polyglycol ether condensate; Onyx Oil & Chemical); 11, 
BTC (alkyldimethylbenzylammonium chloride; Onyx Oil & Chemical); 111, Triton 
X-200 (sodium salt of alkyl aryl polyether sulfonate; Rohm & Haas); IV, Maypon 
4C (protein condensation product with oleyl chloride; Maywood Chemical Works); 
V, Duponal WA (technical lauryl sulfate; du Pont); VI, Igepon TC-42 (sodium 
N-methyl-N-“coconut oil acid” taurate; Antara Chemicals, Division of General 
Aniline); and VII, Nacconal NRSF (alkyl aryl sulfonate; National Aniline, Division 
of Allied Chemical & Dye). The respective thioglycolate lotions are designated L-1 
et sep. 
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Table I-Percutaneous Toxicity Data for Thioglycolate Mixtures * (20-day Tests) 
~ 


Mean 
Number of LDw, mlkglday 


Ammonium Wetting Agent, Dosage Range Applications Slope of (mg of 
Thioglycolate, Activity Percent, Explored, Number of prior to Probit-Log Thiogl ycolic 


Mixture N (pH) Type mglml Animals Death Dose Curve Acidkglday) 


L-1 
L-2 


L-3 


L-4 


L-5 


L-15 


L-21 


L-6 


L-7 


L-12 
L-14 


L-19 


L-8 


L-8A 
L-9 


L-11 


0.608 (9.32) 
0.613 (9.32) 


0.593 (9.34) 


0.603 (9.34) 


0.610 (9.34) 


0.606 (9.34) 


0.600 (9.34) 


0.610 (9.34) 


0.600 (8.60) 


0.609 (9.29) 
0.597 (9.32) 


0.600 (9.31 


0.610 (9.35) 


with sodium 
hydroxide) 


0.600 (9.35) 
0.610 (9.35) 


0.606 (9.32) 


L-11A 0.600 (9.35) 


None 
I, 0.5, 


nonionic 
Sodium oleate, 
0.5, anionic 


Sodium stearate, 
0.5, anionic 


11,0.5, 
cationic 


11,4.0 


11,lO.O 


111,0.5, 


111,l.O 


111,l.O 
111,4.0 


III, 4.0 


anionic 


IV, 0,5, 


IV, 0.15 
anionic 


anionic 
v, 0.5, 


VI, 0.5, 
anionic 


VI, 0.125 


6.5 


3.75-4.5 


3.75-4.5 


2.0-3.0 


0.95-1.5 


2.0-2.75 


0.70-1.0 


3.0-4.0 


3.0-3.75 


3.0 
1.75-2.5 


2.0-2.5 


2.0-4.0 


4.0 
2.5-3.0 


3.0 
4.0e 


3.0-4.0 


3.0 
3.0 


12 
36 


41 


42 


50 


32 


33 


37 


58 


11 
33 


35 


36 


20 
35 


11 
9 


36 


11 


12= - 
8 4.24 


9 15.38 


13 26.02 


7 13.33 


8 7.21 


8 7.72 


11 5.22 


9 12.54 


12d - 
10 4.81 


a 7.94 


12 6.70 


19 - 
11 15.99. 


9 - 
9 


11 10.00 
- 


13 - -- 
12 (20) 


>>6.5 (>>365) 
2.61 f 0.33 
(147 18.6) .-- ~ ----, 
4.08 f 0.10 
(223 f 5.5) 
4.24 f 0.06 
(236 f 3.3) 
2.34 f 0.06 
(132 f 3.4) 
1.43 f 0.11 


(79.7 f 6.1) 
0.906 f 0.066 
(50.0 f 3.6) 
3.50 f 0.25 
(197 f 14.0) 
3.42 f 0.12 
(188 f 5.5) 


Four dead; 36.4% mortality 
2.11 f 0.25 
(116 f 3.7) 
1.69 f 0.11 


(93.3 f 6.1) 


3.69 f 0.21 
(207 f 1i.a) 


Four dead; 20.0% mortality 
2.75 f 0.07 
(155 f 3.9) 


Eight dead; 72.7% mortality 
Three dead. 33.3% mortalitv 


3.44 f 0.14 
(192 I 8.9 j 


Four dead; 36.4% mortality 
- One dead; 8.3% mortality 


a The pH of each mixture was brought to 9.3 with ammonium hydroxide except for L-7, which contained ammonium carbonate, and L-19, which contained sodium hy- 
droxide. * The LDw applies to the daily dosage causing death in 50% of the animals treated for 20 days and observed for 3 weeks. The dosage, in milligrams, is based 
on thioglycolic acid. The standard error of the mean appews after each & si n. c The lone death occurred after 12 applications. As with L-12, the mortality waa 36.4% 
with L-6 at 3.0 mlk (11 animals). Ap lied on 4 consecutive days followeday a rest period of 3 days (20 applications; duration of 32 days). Two rabbite died following 
application 12; the tfird one died after t i e  fourth application. 


unction with the side of the syringe. The procedure was well standardized 
and performed by one individual. Body weight was determined daily, and 
the dosage was adjusted accordingly. 


The teats were conducted daily for 20 consecutive days, and the animals 
were observed for 3 weeks after the last application. Tissues from animals 
succumbing before the conclusion of the tests and from those sacrificed 
after the observation interval were examined grossly and microscopically. 
Except as otherwise stated, a t  least three dosages were investigated per 
mixture: the protocol allowed testing of up to three formulations at  a given 
time. If necessary, the animals were restrained by hand. 


The percutaneous LDm was determined by converting the percentage 
mortalities to the probits and plotting the probits versus log dosages 
according to literature methods (14,15). 


%-Thioglycolate St~dies-~~S-Labeled thiol was introduced at a 
definite level into the test mixture and then inuncted into the skin site 
as described. Single and repeated daily applications were made; with one 
series, four skin sites were clipped and the mixture was applied to a dif- 
ferent area each day over 4 days. The animals were housed in circular steel 
cages, with the floors covered with hardware cloth. The total sulfur 
content of each 24-hr urine sample was ascertained by oxidation to the 
sulfate with the Folin reagent, precipitation with barium chloride, and 
counting the tared barium sulfate (16). 


RESULTS 


Table I presents percutaneous toxicity data for 0.60 N thioglycolate 
brought to pH 9.3 with ammonium hydroxide and containing one non- 
ionic wetting agent (I), the cationic agent (11), and the anionic detergents 
sodium oleate, sodium stearate, and 111-VI, each at  0.5% activity, as well 
as I1 at  4.0 and 10.0% and I11 at  1.0,2.0, and 4.0%. Agent I11 (4.0%) also 
was employed in the study of pH and sodium salt effects in 20-day skin 
tests. From at  least three dosages per formulation, the LDw values were 
ascertained. These values, together with the slope, b, of the probit-log 


dosage curves, are shown in the table. The effect of lower levels of IV 
(0.15%) and VI (0.126%) is also demonstrated for single dosages. A typical 
probit-log dosage curve appears in Fig. 1. 


The LDm refers to the daily level of a formulation killing 50% of the 
animals. The frequency of deaths varied over the 20-day testing period. 
The average number of applications preceding death is based on all 
dosages per mixture. The LD60 also is expressed in terms of milligrams 
of acid. 


Mixtures Containing Surfactants at 0.5% Activity-Table I can 
be divided into three groups in order of increasing percutaneous tox- 
icity. 


Group A (LDm. 4.14.4 mllkg; L-3 and L-l)-With few exceptions, 
the respective sites treated daily with L-3 and L-4 were unimtated except 
for mild peripheral involvement which cleared before the last application. 
Several rabbits displayed prominent hair regrowth and “dry” skin con- 
ditions during the last half of the tests. Body weight losses were significant 
only in those animals that succumbed. The survivors recovered very 
rapidly over the 3-week observation period. 


As with most of the test formulations, the mixtures were more easily 
absorbed following the first two or three applications, and some resistance 
was encountered during the last third of the tests. Death followed de- 
pression in two animals administered L-3 (3.75 and 4.0 ml/kg); convulsive 
activity ensued in two on L-4 (4.0 and 4.5 mlkg), which also died. The 
average number of applications for all dosages employed prior to death 
was nine for L-3 and 13 for L-4. 


Preliminary screening of percutaneous toxicity of a similar mixture 
containing the anionic agent, VII, at  0.5% activity indicated a 4.4-mvkg 
LDm, or 240 mg/kg in terms of the acid. Deaths occurred after an average 
of 12 applications. Extensive convulsive activity was noted ia two animals, 
one receiving 3.0 mlkg and the other receiving 4.0 mlhg and succumbing 
ti days after Treatment 20. 


Group B (LDm- 3.4-3.7 rnllkg; L-6, L-8, and L-II)-The mixtures 
containing 111, IV, and VI produced similar LDm values, and the skin sites 
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Figure I-Probit-log dosage curve obtained for the 20-day tests of 0.60 
N thioglycolate (L-7 )  of p H  8.6 with ammonium carbonate, ammonia, 
and 1.0% surfactant III. 


resembled those of Group A or were somewhat more irritated. Convulsive 
activity was displayed by four animals on L-6 (3.0 and 4.0 ml/kg; dead 
after four to nine applications), two on L-8 (3.0 ml/kg), and one on L-11 
(3.5 ml/kg). One animal on L-8 at 3.0 ml& underwent severe convulsions 
after Treatment 20 but recovered during the 3-week observation p0- 
riod. 


Group C (LD50: 2.3-2.8 ml/kg; L-2, L-5, and L-gb-Greater toxicity 
was observed with the three mixtures containing I (L-21,III (L-5), and 
V(L-9). The skin sites with L-2 and L-9 were moderate in activity, 
especially at the peripheries. In marked contrast, L-5 provoked extreme 
skin alterations; intense inflammation arose after only one or two ap- 
plications. This inflammation was followed by widespread irritation and 
necrosis so that inunction into the marginal sites was necessary with 
several rabbits due to the leathery consistency of the initially treated 
areas. Such animals screamed and struggled invariably during the first 
half of the tests, and body weight losses were excessive. A typical skin 
condition is illustrated in Fig. 2. Central nervous system involvement was 
apparent with two animals each on L-2 (3.0 and 3.5 ml/kg), L-5 (2.5 
ml/kg), and L-9 (2.5 ml/kg). 


Percutaneous Toxicity of Mixtures with Wetting Agents- 
Ammonium thioglycolate (L-1; detergent absent) was essentially without 
percutaneous effect (20-day tests) (Table I). Only one of 12 animals 
succumbed. Except for dry skin, involvement was minimal and hair re- 
growth was prominent during the second half of the tests. With the ad- 
dition of a wetting agent, greater amounts of mixture were absorbed. 
Differences were apparent, depending on the detergent. Further studies 
were implemented to alter the levels of several wetting agents. 


The LDm of the thioglycolate formulation markedly decreased with 
increased 11, the values being 2.34 f 0.06,1.43 f 0.11, and 0.906 i 0.066 
ml/kg for mixtures containing 0.5,4.0, and 10.0%, respectively (Fig. 3). 
Based on the testing of one group at  a single dosage, 111, the lotion with 
1.0% (L-12), was similar in activity to the 0.5% mixture (L-6). The LDm 
of L-7 with the wetting agent at 1.0% activity and pH 8.6 with ammonium 
carbonate a t  0.80 M was similar to the L-6 LDm (3.42 f 0.11 ml/kg; for 
L-6,3.50 f 0.25 mllkg). A much greater change was noted with the 0.60 
N thioglycolate containing ammonium hydroxide a t  0.60 N when the 
activity of I11 was raised to 4.0% (L-14; LD5o: 2.11 f 0.25 ml/kg). A com- 
parison of L-14 with the corresponding mixture of pH 9.31 with sodium 
hydroxide (L-19) showed the latter to be more toxic (LDm: 1.69 i 0.11 
ml/kg or 93.3 f 6.1 mg/kg based on the acid). 


- 


- 


- 


- 


- 


- 


- 


- 


Figure 2-Skin site of an animal after five daily applications of 0.60 
N ammonium thioglycolate containing 0.5% II (L-5)  at 2.0 ml/kg/ 
day. 


The effect of even lower detergent activities was screened with two of 
the anionic agents incorporated into pH 9.3.0.60 N thioglycolate. With 
IV at  0.15% (L-8A), the mortality a t  4.0 ml/kg was only 20% while the 
LDm of L-8 was 3.7 ml/kg. The mean numbers of applications preceding 
death were 12 and 19 for L-8 and L-8A, respectively. Surfactant VI at  
0.125% activity was responsible for one death of 12 animals a t  3.0 ml/kg 
(L-11A) as compared to a mortality of 36.4% with L-11 at  the same daily 
dosage. 


Compound I1 at  4.00/0 activity also was incorporated into a mixture 
containing the oxidized salt, diammonium dithiodiglycolate at 2.0 N and 
adjusted to pH 9.30. The percutaneous application of L-20 at  3.5 ml/kg 
daily to five animals led to 100% mortality after an average of three 
treatments. 


Relation of Percutaneous Treatment Frequency to Toxicity- 
Early runs with several mixtures showed that when 1 or more days, 
such as weekend periods, were missed in the percutaneous treatment 
schedule, toxicity decreased. The data are illustrated in Table I for L-9, 
which was applied for 4 days followed by a 3-day rest period. The se- 


140r 


a t  20 


Figure 3-Change in percutaneous LDSO by the 20-day tests with 
variation in the content of surfactant II incorporated into 0.60 N am- 
monium thioglycolate (L-5, L-15, and L-21). The values are in milli- 
grams of thioglycolic acid. 
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Table 11-Total Urinary 3% Excreted over Periods u p  to 72 hr following a Single Percutaneous Application of Thioglycolate Mixtures 
at 1.0 ml/kn * 


Wetting Agent, 
Product Activity Percent 


Percentage 36S Excreted.* SEM a t  
24 hi 48 lir 72 hr 


L-1 
L-lb 
L-5 
L-15 
L-3 


L-7“ 
L-7b 
L-14 
L-19 


None 


II,0.5 
II,4.0 
Sodium 


II1,l.O 


IQ4.0 
111.4.0 


- 


oleate, 0.5 


- 


16.22 f 0.55 (19) 
17.23 f 1.76 (3) 
20.85 f 1.18 (8) 
22.10 f 0.94 (7) 
7.72 f 1.07 (5) 


4.29 f 0.38 (14) 
4.53 f 1.11 (3) 
5.90 f 1.12 (4) 
4.98 f 0.34 (4) 
2.80 f 0.34 (5) 


2.17 f 0.30 (8) 
1.73 f 0.15 (3) 
1.98 f 0.18 (4) 
2.00 f 0.13 (4) 


6.66 f 0.82 (6) 
5.28 f 1.21 (4) 
4.40 f 0.25 (4) 
4.50 f 0.46 ( 5 )  


1.90 f 0.40 (4) 
2.04 f 0.45 (4) 
1.83 f 0.10 (4) 
1.84 i 0.22 (5) 


(with sodium 
hydroxide) ~ - .  


0 Cmn osition of mixtures is given in Table I; pH was 9.3 with ammonium hydroxide except for L-7 (pH 8.6 with ammonium carbonate) and L-19 (pH 9.3 with sodium 
hydroxi&). The decreases in 24-hr mean values for L-I, L-14, L-7, and L-19 compared to those for L-5 and L-15 were statistically significant a t  p < 0.01, except that for 
L-7 at 1.0 mghg uersus L-5 (Fisher t value, 2.31; p < 0.05). The L-3 24-hr mean was markedly lower than an of the other averages, and the difference in L-5 and L-15 
values was not significant. Number of animals is given in parentheses. Dosage of 2.0 h l h g .  C For one animax the SS of the treated skin site at  72 hr was 0.22%. 


quence was repeated until 20 applications had been made. Three of the 
nine animals (33.3%) treated at  4.0 mllkg succumbed, compared to a 
72.7% mortality with a lower dose (3.0 mllkg) applied daily on 20 con- 
secutive days. The respective skin conditions were much milder in the 
series administered 4.0 ml/kg. 


Anatomical Findings for Tissues from Thioglycolate-Treated 
Rabbits-Aside from the skin conditions, the gross and microscopic 
examination of tissues revealed little extreme alteration except for OC- 


casional lung congestion end, in a few cases, possible kidney cortical 
hemorrhage. 


3W-Thioglycolate Studies-Thioglycolate mixtures containing up 
to 0.40 pCi 36s (most commonly 0.10-0.20 pCi) were applied to the skin 
site as in the “cold” series, and urine was collected over 24 hr following 
treatment and analyzed in duplicate. 


Single Application-Urinary YMevels 24,48, and 72 hr following a 
single percutaneous thioglycolate mixture application at  1.0 mllkg are 
shown in Table 11. Based on the mean 24-hr values, the 11-containing 
lotions L-5 and L-15 were responsible for percentages (20.85 f 1.18 and 
22.10 f 0.94, respectively) that exceeded those for L-1, L-3, L-7, L-14, 
and L-19 as well as for L-1 or L-7 at  2.0 mlbg. Mixture L-3 was respon- 
sible for the lowest excretion of 36.9 at  24 hr (7.72 f 1.07); at  48 and 72 hr, 
the values were 2.8 and 1.1%, compared to the respective meam of 5.0 and 
2.0% for the other mixtures. The residual 3%-level was generally far below 
1% at the 96th hr. 


QAYS 


Figure 4-Rabbit 24-hr urinary 36S-excretion on percutaneous ad- 
ministration of the following mixtures concurrently in one series, each 
at 1.0 Mkglday  and containing 0.1-0.2 pCi of labeled thioglycolate per 
dose for 4days. Key: A, L-1, without wettingagent; A, L-19, with 4.0% 
III; 0 ,  L-7, with 1.0% III; B, L-14, with 4.0% III: 0, L-5, with 0.5% II: 
and 0, L-15, with 4.0% II .  The products comprised 0.60 N ammonium 
thioglycolate of pH 9.3 except for the sodium salt of the same pH (L-19) 
and the ammonium carbonate-containing system (L-7; pH 8.6). The 
additional points depict the residual 35S-activity. 


Repeated Daily Applications-With more than one application of an 
agent a t  1.0 mllkg, further 36SS-distribution patterns could be discerned. 
Figure 4 presenta graphical data for one series of rabbits inuncted daily 
for 4 days, the residual activity being included for 3 additional days. 
Mixture L-15 elicited the highest excretion of 36S; L-5 and L-14 showed 
progressively lower activity, followed by L-7, L-19, and L-1. Both L-15 
and L-1 present extremes in percutaneous efficacy with the remaining 
products being intermediate. This general pattern was observed with 
several other rabbits. Variations also were apparent in residual activity 
and were not dependent strictly on the applied isotope level. 


A further illustration of the multiple-treatment schedule and of vari- 
ations in 3Wactivity is presented in Fig. 5, where L-1 and L-7 were em- 
ployed daily at 1.0 mllkg for 5 days at levels of 0.203 and 0.043 pCi, re- 
spectively. The residual output of tracer was ascertained for an additional 
4-5 days. With L-1, the overall urinary specific activity was 1.36 X lo5 
cpm and accounted for 37.6% of the isotopic dosage. With L-7, the cor- 
responding figures were 3.65 X lo4 cpm and 47.7%. The action of L-1 is 
shown in Fig. 6 for nine consecutive daily applications at  1.0 mllkg. 
Treatment was not continued due to the development of anuria. Con- 
currently, a second animal was administered L-7 at  the same dosage over 
20 days. With this animal, the 36S increased from the start but fell after 
the ninth application, reaching a low by the 13th day and then rising to 
a small plateau that persisted to almost the end of the tests. The residual 
activity thereafter was rather small. 


Although many of the testa were conducted with thioglycolate systems 
at 1.0 ml/kg, much higher daily volumes of agent with incorporated 35S 
also were investigated. No clear correlation could be drawn between 
dosage and absorption based on isotopic excretion. A few rabbits were 
anuric. With L-7 at 3.0 mVkg applied daily for 5 days, the urinary 36S- 
excretion amounted to 14.9,30.7,30.1,28.7, and 27.1%, respectively, for 
Days 1-5. With two additional animals under the same conditions, the 
peak values a t  the 5th day were 18.0 and 16.4%. With a rabbit receiving 
L-19 at 2.0 mllkglday, the initial 24-hr value was 18.5% the excretion 
levels fell progressively to 4.7% at  the seventh application, and the animal 
succumbed 1 day later. 


I I I 1 I I 
0 1 2 3 4 5 8 7 8 9  


Figure 5-Urinary 36S-activity following percutaneous application 
of 0.60 N ammonium thioglycolate mixtures without wetting agent (L-1) 
(0) and with 1.0% III  (L-7)  (0) daily for 5 days. The 36S-levels were 
0.203 and 0.043 pCilday with L-1 and L-7, respectiuely. The residual. 
36s up to Days 9-10 was 13.8 and 13.7% of the total dosages applied 
based on urinary specific activities of 5.00 X lo4 and 1.05 X lo4 cpm for 
L-1 and L-7, respectively. 


o r  ‘ 
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Figure 6-Urinary 35S-elimination with nine daily applications of the 
surfactant-free L-1 (0) and with 20 applications of L-7, containing 1.0% 
III  (0).  Since the rabbit treated with L-1 became anuric after the ninth 
treatment, further work was discontinued. The daily 35S-dosage was 
0.20 pCi. 


Repeated Application at Multiple Skin Sites-Percutaneous tests 
were instituted with L-5 and L-15 applied to rabbits with four clipped 
skin sites, a fresh one being inuncted with 1.0 ml/kg/day for 4 days. 
Histograms presenting the 35S-excretion in such animals as well as in 
those with the single clipped skin site are shown in Fig. 7. Aside from little 
difference in each pair after the first treatment, animals with the multiple 
skin sites displayed higher isotopic elimination and the skin areas were 
less irritated. In another experiment employing L-15 (1.0 ml/kg) and 
multiple skin sites, the values were 18.2,35.1,38.3, and 41.3% at Days 1-4. 
With L-1 under comparable conditions, the urinary 35S-levels were 12.4, 
13.8,17.1 and 15.89’0, respectively, and were lower than the values from 
rabbits with a single clipped skin site. 


DISCUSSION 


The wetting agents were anionic except for the nonionic I and the 
cationic 11. Wide differences in toxicity could be observed between the 
anionic agents compared on the basis of 0.5% activity by the 20-day tests. 
Thus, sodium oleate and stearate and, possibly, VII were responsible for 
the lowest toxicity of 0.60 N ammonium thioglycolate; 111, IV, and VI were 
intermediate; V shared the highest toxicity with the nonionic and cationic 
surfactants. The solution without wetting agent, L-1, produced minimal 
skin alterations, and the LD50 was far in excess of 6.5 ml/kg. 


The toxicity of thioglycolate with increasing surfactant percentage also 
was studied with I1 and 111. The former was responsible for more extreme 
skin conditions, and the increase in percutaneous toxicity plateaued at  
-10.0% (Fig. 3). Surfactant 111 caused little change in percutaneous ac- 
tivity at 0.5 and 1.0%. With 4.0%, the toxicity mounted but was below that 
elicited by the lotion with 4.0% 11. The percutaneous toxicity of the pH 
9.3 sodium salt solution exceeded that of the ammonium salt with 4.0% 
I11 as the wetting agent in each. As expected, a decrease in surfactant 
content, as illustrated by 0.15% IV (L-8A; Table I), led to a lowered per- 
cutaneous toxicity. Hair regrowth in the respective skin sites with several 
lotions was indicative of lower product irritancy; the hair growth cycle 
was minimally affected. 


The derivation of percutaneous LDw values in the present experiments 
is novel and in contrast to the usual parenteral toxicity. Repeated ap- 
plications as in the 20-day testing schedule are mandatory for such data. 
A Z.O-ml/kg dose is the consumer level in hair waving as referred to the 
volume of product used and the consumer body weight. In addition, this 
method can shed light on percutaneous toxicity in regard to operators 
who are in almost daily contact with such lotions. In this report, the LD50 
deduced for the various mixtures refers to mortality over 20 days of 
treatment followed by an observation interval of 3 weeks. Since the deaths 
resulted after an average of seven to 11 applications, an overall lethal 
dosage might be approximated. However, as noted from the 35S-ex- 
periments, the percutaneous absorption was greatly reduced during the 
second half of the tests, at which time the respective skin sites underwent 
clearing and became more resistant to further inunctions. 


An LD5o of 4.0 ml/kg would imply an overall dosage of 80 ml/kg or in 
excess of 4.4 gkg based on thioglycolic acid for the survivors. Considering 
the large amount of mixture that is not absorbed due to poor wetting 
qualities coupled with losses as a result of evaporation, oxidation, and 
mechanical reasons, most of this dosage is not realized in the percuta- 
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APPLICATION 


Figure 7-Urinary 35S-changes accompanying percutaneous 0.60 N 
ammonium thioglycolate containing II at 0.5% (L-5)  ( t o p )  and at 4.0% 
(L-15) (bottom series) daily for 4 consecutioe days. The solution was 
delivered either t o  the same clipped skin site (open areas) or t o  a dif-  
ferent one offour sites each day (shaded areas). The daily 35S-dosage 
was 0.20 pCi. 


neous testing. The large losses notwithstanding, many variables were 
controlled, so the resulting LDw values do reflect the outstanding dif- 
ferences among the surfactants selected. 


In another thioglycolate study, investigators (9) applied a 7% com- 
mercial ammonium thioglycolate lotion of undisclosed brand and wetting 
agent to rabbits for 90 days. The mortality a t  daily levels of 2.0 and 4.0 
mlkg was 11.8 and 61.1%, respectively. Such values might be in the range 
deduced for mixtures of similar thiol content in the current experiments 
and with VII or the sodium soaps at  0.5% activity. 


35S-Thioglycolate was incorporated into the test fluids to follow ‘per- 
cutaneous absorption, emphasis being directed to levels of 1.0 ml/kg 
applied once or on repeated days. At single dosage, the 35S-elimination 
by the 11-containing mixtures L-5 and L-15 was in the same range but 
was significantly higher than the fluids containing I11 and sodium oleate 
as well as L-1 (Table 11). In fact, the surfactant-free solution was as ef- 
fective as the mixtures containing 111 and even exceeded the effectiveness 
of L-3 with sodium oleate in activity by the single-dosage criterion. At  
2.0 mllkg, L-1 and L-7 caused 35S-excretion similar to that of the lower 
dosage, about one-fifth of the applied activity being eliminated over 72 
hr. 


In a previous study (lo), single applications of a surfactant-free sodium 
thioglycolate solution to rabbits produced an average 29% excretion for 
five animals at 330 mgkg as determined hourly for 4-5 hr after treatment 
and 7,11, and 24% for three animals a t  660 mg/kg. The last group suc- 
cumbed in 24 hr. The extent of thiol absorbed was not closely related to 
the total applied. Compared to the current findings, the 35S-activity with 
330 mglkg was somewhat higher than the 24-hr value for the sodium salt 
system containing 4.0% I11 (L-19), and the amount of salt inuncted was 
less (68 mg/kg). 


The single-application series employing 35S-labels presents dis- 
crepancies as already discussed in relation to the data of Table I. Incon- 
sistencies persisted when repeated application of 35S-thiol mixtures was 
instituted for 4 or 5 days, a period when skin irritation was usually 
prominent. As expected, tracer excretion was highest with L-15 and 
lowest with L-1, with the remaining products being intermediate (Fig. 
4). The relative position of the latter may bear some qualitative rela- 
tionship to the respective LD50 values, but the number of animals was 
too small for statistical testing. The sodium thioglycolate lotion (L-19) 
appeared to elicit a lower tracer excretion than the ammonium salt (L-14), 
both based on 4.0% 111, but L-19 displayed a greater percutaneous toxicity 
(Table I). In contrast to the single-treatment series, 35S-cumulation oc- 
curred, and it was difficult to correct for the prior residual activity with 
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each ensuing treatment. With either L-1 or L-7, each applied at 1.0 ml/kg 
daily for 5 days, the activity determined over 4-5 days after the final 
treatment was -14%; the overall 35S-excretion was 38 and 48% for L-1 
and L-7, respectively (Fig. 5). A correlation might exist with the LDm 
findings, a difference of 10% in isotopic elimination possibly being sig- 
nificant. A t  any rate, these discrepancies as well as those cited by others 
(10) bear out that percutaneous toxicological studies are fraught with 
difficulties. 


%-Activity in one rabbit receiving L-7 at  1.0 ml/kg/day for 20 days 
reached a maximum at the 9th day and then fell rapidly. Based on cu- 
mulative activity, the peak may have been reached before the ninth 
treatment in this instance as well as with L-1 (Fig. 6). The question might 
be raised as to whether such tests should be continued daily for 220 days. 
Although the percutaneous penetration was apparently less during the 
last half of the tests, the absorption rallied over the final five to six in- 
unctions, and a new peak or plateau was established. In addition, the 
seven to 11 applications preceding death were an average. Several animals 
malingered and succumbed toward the end of the treatment period and 
even into the 1st week of the observation interval. 


To circumvent the extreme inflammation and necrosis at the skin sites 
with such products as L-5 and L-15, multiple areas were treated. A new 
site was involved for 4 days at 1.0 ml/kg/day. Greater absorption based 
on 35S-excretion was noted for the second treatment compared to the 
single-site series. The present approach is well suited for extreme skin 
irritants and can yield further quantitative data in addition to those in- 
volving a single area that is repeatedly insulted. With L-1, the multi- 
ple-site method led to lower tracer excretion. Presumably, only after 
several applications at a given site with its ensuing irritancy, as small as 
it might be, was the percutaneous penetration heightened. This behavior 
also was apparent with L-3, a mixture that exceeded L-1 in toxicity (Table 
I) but that ranged lower than the latter in 35S-activity elimination after 
a single application. 


The most prominent form of sulfur excreted by the rabbit on tracer 
administration is neutral sulfur, followed by inorganic sulfur and ethereal 
sulfate (10,16). Since oxidation is often cited as a source of thioglycolate 
activity loss, the disulfide, a prominent metabolite, also was screened. 
A diammonium dithiodiglycolate a t  2.0 N of pH 9.3 with 4.0% I1 caused 
death after a few daily applications at  3.5 ml/kg or at 1150 mg/kg based 
on the acid. The thiol content as determined by titration was low (0.050 
N). These exploratory runs justify further study of the disulfide as such 
and with 35S-labeling. 


The relative classification of the mixtures according to LDm values 
and as spot-checked by 35S-thioglycolate may have application to the 
human experience, but care must be taken in extrapolating such data. 
Along with the subacute methods, additional tests for cosmeceuticals 
should include acute toxicity coupled with primary irritancy evaluation 
employing mucous membranes and instillation of agents into the animal 
eye (1, 17). Thioglycolate is a potent chemical agent, which is readily 
metabolized on parenteral and percutaneous administration. It affects 
the nervous system and blood sugar (9, la), in vitro tissue metabolism 
(19,20), and sulfhydryl-dependent enzyme systems (21,221. 


Another approach may be useful in studying percutaneous thiogly- 
colate absorption. Several vehicles might be suggested that are rapidly 
absorbed through the skin such as dimethyl sulfoxide, which also facili- 


tates the penetration of other agents (23). Stoughton (12) demonstrated 
the rapid percutaneous absorption of the 35S-agent in vivo and in vitro. 
However, by the in vivo approach, much sulfoxide is metabolized in other 
areas of the body; little, if any, is excreted in the urine. In percutaneous 
experiments with thioglycolate-dimethyl sulfoxide mixtures employing 
such species as the rabbit, the overall urinary sulfur output might reflect 
primarily the activity or metabolism of the thioglycolate. 
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Abstract The dynamic method originally developed for studying the 
capacity-limited kinetics of the cholecystographic agents iodoxamic acid 
and iopanoic acid was applied to study the in uiuo interactions of these 
two compounds following coadministration in the monkey. Results in- 
dicate that these interactions are complex. The compounds appear to 
compete for plasma protein binding sites as well as for binding sites on 
intrahepatic proteins. The biliary excretion data apparently fit the “li- 
gand exclusion” model in which iopanoic acid acts as an inhibitor and 
competes with iodoxamic acid for binding to either of two identical sites 
within the liver. This competition probably is the rate-limiting step in 
the liver’s overall elimination of these radiographic contrast agents. 


Keyphrases 0 Drug-drug interactions-pharmacokinetics, iodoxamic 
acid, iopanoic acid, biliary excretion, rhesus monkeys 0 Pharmacoki- 
netics-drug-drug interactions, iodoxamic acid, iopanoic acid, biliary 
excretion, rhesus monkeys Cholecystographic agents-iodoxamic acid, 
iopanoic acid, interactions, biliary excretion, pharmacokinetics, rhesus 
monkeys 


In cholecystography, the degree of biliary system opa- 
cification depends directly on the concentration and the 
amount of iodine excreted in the bile (1). Therefore, a 
reasonable approach to increasing the degree of opacifi- 
cation would be to increase the cholecystographic agent 
dose. This approach, however, is limited by the fact that 
most cholecystographic compounds are handled in the liver 
by saturable processes, e.g., by binding to the intrahepatic 
binding proteins-the so-called Y- and Z-proteins (2,3); 
above a certain dose level, these processes become satu- 
rated and the excretion rate does not increase. High doses 
would also produce excessively high blood levels of the 
compound and add stress to eliminating organs, such as 
the kidney, which could lead to systemic toxicity (4,5). 


An alternative approach to increasing the biliary iodine 
concentration would be to coadminister more than one 
compound. If, however, the compounds share hepatic 
elimination mechanisms, coadministration might result 
in competition for the binding sites of the intrahepatic (Y 
and Z) proteins or for other carrier systems responsible for 
hepatic uptake, biotransformation, and biliary excretion 
of the compounds. Therefore, biliary excretion of two or 
more compounds may be no greater than that for a single 
agent. 


Reported here is an in vivo study of the interaction of 
two cholecystographic agents, iodoxamic acid and iopanoic 
acid, coadministered to rhesus monkeys. The capacity- 
limited biliary excretion of these two compounds in dogs 
was reported previously (6,7). During these studies, TLC 
confirmed that iodoxamic was excreted in the bile un- 
changed, while iopanoic acid was 98% metabolized to the 
glucuronide. A t  the same time, the blood concentrations 
contained only intact drugs with both agents. They, 
therefore, represent an interesting combination of chole- 
cystographic agents with which to study drug interac- 
tions. 


THEORETICAL 


One or two identical binding sites may exist on the enzyme or the 
carrier for a substrate. This condition produces a competitive situation 
if the binding of an inhibitor to one of the sites prevents the substrate 
from binding to the site(s). This competition may also distort the sub- 
strate binding sites by the binding of the inhibitor or from mutual steric 
hindrance. Alternatively, the inhibitor may have a binding site that 
overlaps or utilizes part of each substrate binding site. The equation of 
the ligand exclusion model (8) can be applied to describe this latter 
system: - 


V m ( S / K m  + S21Kk) 
1 + 2SfKm + S21K$ + IlKi U =  (Eq. 1) 


where u is the enzymatic reaction rate, v,,, is the maximum reaction rate 
when all binding sites are saturated, K, is the Michaelis-Menten con- 
stant for the substrate, S is the substrate concentration, Ki is the Mi- 
chaelis-Menten constant for the inhibitor, and Z is the inhibitor con- 
centration. 


In the absence of the inhibitor (I = O), Eq. 1 can be simplified by 
multiplying the numerator and the denominator by Kk: 


Therefore, in the absence of the inhibitor, Eq. 1 reduces to the Mi- 
chaelis-Menten equation (Eq. 41, and the u versus S plot is the usual 
hyperbola. In the presence of the inhibitor, the u uersus S plot becomes 
sigmoidal. 


EXPERIMENTAL 


Materials-Studies were performed on one male (Monkey A) and one 
female (Monkey B) rhesus monkey, 9.1 and 4.5 kg, respectively. Both 
monkeys had been used previously for expc ents (6,7) in which io- 
doxamic acid or iopanoic acid alone had been infused. Thus, each monkey 
served as its own control. The monkeys were restrained in plastic chairs 
and had, as previously described (9), a T-tube in the common bile duct 
for bile collection and another T-tube in the duodenum for bile salts re- 
cycling. Both monkeys had been cholecystectomized. 


lZ5I-Labeled iodoxamic acid’ was used. Its radiopurity was >99%by 
TLC. For infusion, the ‘251-iodoxamic acid was diluted with normal d i n e  
to 26.5 and 28.4 mM, as determined according to its iodine content by 
fluorescent excitation analysis (10). 


The iopanoic acid infusion solution was prepared by dissolving 913 mg 
of iopanoate sodium2 in 10 ml of water. The resultant solution was filtered 
through a membrane filter3 and diluted to 100 ml with normal saline. 


,Piston-type infusion pumps4 were used for infusing the solutions. An 
automatic y-counter5 was used for determining 1251-radioactivity. A 
multiple equilibrium dialysis system6 was used for plasma protein binding 
studies. 


Iodine-125 meglumine iodoxamate, E. R. Squibb and Sons, Princeton, N.J. 
Sterling-Winthrop Research Institute, Division of Sterling Drug, Rensselaer, 


3 Millex disposable filter unit, Millipore Corp., Bedford, Mass. 
4 Lamda pump and driver, serial 1300 and 1301, Harvard Apparatus Co., Millis, 


6 Auto- amma-scintillation spectrometer, model 1185, Searle Analytical, Des 


N.Y. 


Mass. 


Plaines, I& 
Dianorm, Innorativ-Medizin AG, CH-Esslingen, Switzerland. 
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Table I-Protein Binding of Iodoxamic Acid and Iopanoic Acid 
in Monkey AS 


Table 11-Protein Binding of Iodoxamic Acid and Iopanoic Acid 
in Monkey B * 


90 217 29.8 76.2 160 1.27 1.13 
106 97 9.6 34.2 92 0.27 0.80 
121 43 3.1 14.1 39 0.02 0.51 
151 17 0.84 5.5 16 0.002 0.11 _. ~ 181 i 3  0.56 3.6 8.7 -b  -b  


-b  3.3 2.6 -b  
b -b 


211 11 0.46 
-b 286 8.7 0.33 2.7 0.3 -b  


24 1 10 0.40 3.0 0.5 - 


4 cb, q d  C/ are the blood and unbound plasma concentrations, ma Ctively 
of iodoxamic aci% the absence of iopanoic acid; Cfmx is the unbounKncen; 
tration of iodoxamic acid in the resence of iopanoic acid; CblpA and C,, are the 
blood and unbound iopanoic acitconcentrations in the absence.of iodoxamic acid, 
respectively; and Cf A is the unbound io anoic acid concentration in the presence 
of iodoxamic acid. f i e  samples were coeecpd in the presence of heparin, which 
wan not evaluated for its effect on the protein bindmg. Below HPLC assay sen- 
sitivity. 


Procedure-The dynamic infusion method used for studying the 
capacity-limited kinetics of iodoxamic acid and iopanoic acid (6,7) was 
used. One infusion study was performed in Monkey A. Iopanoic acid was 
infused at  the rate of 1.09 pmoles/kg/min. After 30 min, 1261-iodoxamic 
acid was infused at  the rate of 1.60 pmoles/kg/min. Ninety minutes after 
the fist infusion, both infusions were terminated. 


Another infusion study was performed in Monkey B. Iopanoic acid was 
infused at  the rate of 0.73 pmole/kg/min for 150 min; 90 min after the 
initiation of the iopanoic acid infusion, l25I-iodoxamic acid was infused 
at  the rate of 1.20 pmoles/kg/min for 60 min. 


Generally, except for ascertaining lag times, bile samples were collected 
for both monkeys every 5-15 min for 285 min. Sodium taurocholate' (1% 
in water) was infused into the duodenum at the rate of 5.56 pmoles/ 
kg/min 1 hr before and throughout both experiments to replace the bile 
salts lost due to bile collection and to maintain as much as possible a 
constant bile flow (11,121. 


To determine the lagtime between the presence of contrast material 
in the biliary canaliculi and that a t  the biliary sampling site, bile samples 
were also collected every 2-4 min during the first 30 rnin of each experi- 
ment. The lag time was estimated by plotting the cumulative amount of 
iopanoic acid excreted in the bile during the first 30 min against time and 
extrapolating the initial linear portion to the abscissa (Fig. 1). The lag 
time varied from 2 to 7 min. After correcting for the lag time, the biliary 
exctetion rates were plotted for the midpoint of each collection pe- 
riod. 
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Figure 1-Cumulatiue iopanoic acid excreted in the bile versus time 
during the first 30 min of infusion a t  1.09 prnoleslkglmin into Monkey 
A. 


7 ICN Pharmaceuticals, Cleveland, Ohio. 


Cbmxr c fmx,  Cf'mx* 
Minutes uM uM uM 


151 187.9 25.0 85.40 
171 52.6 3.82 23.65 
191 25.0 1.27 10.51 
226 14.5 0.57 5.25 --_ 
250 i2.0 0.43 4.73 
280 9.6 0.31 3.81 
310 8.3 0.25 3.68 
3'53 7.6 0.22 3.02 


Cbw.v 


136.48 
49.87 
15.75 
5.25 
4.20 
5.79 
4.20 
7.35 


MM 
0.52 1.46 
0.14 0.90 
0.03 0.45 
0.008 0.34 
0 .y5  0.24 
- -b 
- b  -b 
-b -b 


a,b See Table I. 


Blood samples were collected at  appropriate time intervals such that 
the total amount of blood taken did not exceed 20 ml/study. 


For each blood and bile sample, the total iodine concentration yas 
determined by fluorescent excitation analysis (10). The iodoxamic acid 
concentration in each sample was determined by counting the W-ra-  
dioactivity. The 1261-iodoxamic acid iodine concentration was subtracted 
from the total iodine concentration to obtain the iopanoic acid concen- 
tration in each bile and blood sample. 


For each animal, whole blood samples were used for equilibrium di- 
alysis studies of each drug alone (6,7) and in'the presence of the other 
compound. The samples were taken from whole blood obtained during 
the interaction studies. The proportion of unbound iodoxamic acid was 
determined by counting 1261-radioactivity in the protein-free buffer; the 
proportion of unbound iopanoic acid was determined using the high- 
pressure liquid chromatographic (HPLC) method described previously 
(7). The resultant unbound concentrations are plotted on the same graphs 
as those for biliary excretion rates of the two acids (Fig. 2). 


RESULTS AND DISCUSSION 


Goergen et 01. (13) cqadministered iodipamide, a compound chemically 
similar to iodoxamic acid (4,5), and iopanoic acid in dogs and found that 
iodipamide biliary concentration decreased to -12% of the control level. 
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Figure 2-Semilog plot of the time course of biliary excretion rate (RB, 
in nanomoles per kilogram per minute) of iodoxamic acid (0 )  and 
iopanoic acid (0) and the unbound plasma concentration ( C ,  micro- 
molar) of iodoxamic acid (A) and iopanoic acid (A) in Monkey A. The 
same results were found for Monkey B. 
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Table 111-Results of the Coadministration Experiment in 
Monkey Be 


RB, RB‘, Residua 1, 
Cf’IOX, C,.IPAI pmole/ pmolel pmole/ 


uM uM kdmin kg/min kg/min 


5.05 0.32 0.056 0.087 0.031 
6.40 0.38 0.082 0.108 0.026 
8.62 0.41 0.123 0.155 0.032 


10.62 0.44 0.196 0.193 -0.003 
14.10 0.58 0.293 0.234 -0.059 
26.19 0.95 0.459 0.369 -0.090 
66.47 1.33 0.618 0.707 Od89 


0 Crrox and Cr,, are the unbound plasma concentrations of iodoxamic and 
iopanoic acids, respectively; RB is the biliary excretion of icdoxamic acid; and RB’ 
is the computer-fitted biliary excretion rate of iodoxamic acid according to Eq. 1. 
Residual is the difference between RB and RB‘. 


These results were confirmed when Moss et al. (14) administered a bolus 
dose of iopanoic acid to dogs being infused with iodipamide and showed 
that the total biliary iodine concentration was reduced, although the 
blood iodine concentration was increased. In this latter study, however, 
biliary excretion of each agent was not measured. 


In a recent study (15), iopanoic acid was administered into the duo- 
denum of dogs either simultaneously or 1 hr after an intravenous iodi- 
pamide infusion. Biliary iodipamide excretion was diminished concom- 
itantly with an increased urinary iodipamide output. 


Both iodoxamic acid and iopanoic acid bind readily to plasma proteins 
and have low blood clearances (6,7,16). Therefore, a displacement of 
plasma protein binding by one of these compounds may alter the elimi- 
nation of the other. The coadministration studies described earlier did 
not assess this factor. Neither has the site nor the type of the interactions 
been evaluated. 


The present investigation of protein binding (Tables I and 11) shows 
that unbound concentrations of either iodoxamic acid or iopanoic acid, 
when infused in the presence of the other (the “competitor”), were greater 
than that when either acid was infused alone (6,7) (11 of 12 instances for 
Monkey A and in all instances for Monkey B). These results suggest that 
the two compounds compete for binding sites in the proteins. Because 
of insufficient data, no attempts were made to determine the type of 
competition. 


Furthermore, in both monkeys, the biliary excretion rate of each drug 
was lower when coadministered than when administered alone (6,7); this 
finding confirms previous reports (13-15) that the biliary excretion of 


1 .oc 


Figure 3-Relationship between the biliary excretion rate (RB) and 
the unbound plasma concentration (Cf) of iodoxamic acid in the absence 
(0 )  and in the presence (0 )  of iopanoic acid in Monkey B. The upper 
solid line represents the computer-fitted values according to Eq. 4. The 
lower solid line represents the computer-fitted values according to Eq. 
1 .  


Table IV-Michaelis-Menten Parameter for  Biliary Excretion 
of Iodoxamic and Iopanoic Acids in  Monkey B 


Iodoxamic Iopanoic Combination 
Parameter Acid Acid ExDerimentR 


~~~~ 


v,, pmoles/kg/min 1.01 (0.07)* 1.1 (0.04) 1.01 (0.08) 


- - 0.08 (0.49) 
3.5 (1.0) 0.22 (0.02) 3.5 (13.0) K m  PM 


Ki, PM 


a 0, and K ,  are fixed at iodoxamic values, and Ki is allowed to float. Numbers 
in parentheses represent standard error of the mean. 


one cholecystographic agent is reduced when coadministered with the 
other. In addition, the lower rate of iodoxamic acid was comparable to 
that of iopanoic acid (Fig. 2). 


Finally, in both experiments, when the compounds were coadminist- 
ered, even though the biliary excretion rates for both compounds were 
comparable, unbound concentrations of iopanoic acid were much lower 
than those of iodoxamic acid (Fig. 2 and Tables I and 11). These findings 
suggest that iopanoic acid has a higher affinity than iodoxamic acid for 
the intrahepatic binding proteins (e.g., Y- and Z-proteins) responsible 
for hepatic uptake or biliary excretion. Furthermore, relative to control 
values, when the compounds were administered concomitantly, compe- 
tition for the intrahepatic uptake or biliary excretion between these two 
compounds led to lower overall excretion of both acids, with a greater 
reduction of iodoxamic acid excretion, despite the increased unbound 
plasma concentration. 


In the present investigation, the “inhibitor” (iopanoic acid) was infused 
virtually to steady state. However, when the substrate (iodoxamic acid) 
infusion was started, protein binding equilibria were disturbed and the 
binding of both drugs was shifted. This displacement also affected the 
uptake or biliary excretion of both drugs, which is dependent on the free 
drug. After a period, the infusion of one or both compounds was discon- 
tinued. Safety considerations prevented a steady-state experiment rel- 
ative to both drugs. Because the potential for drug accumulation was not 
known, it was feared that the animal might be killed if the infusion was 
continued, 


After correction for the lag time, the midpoints of biliary excretion no 
longer coincided with the blood sampling times. Therefore, an INTER- 
POLATE program of the PROPHET computer systems was used to 
determine the unbound concentrations of iodoxamic acid present in the 
blood at the midpoints of biliary excretion. A graph (Fig. 3) of these data 
for Monkey B shows that the relationship between the biliary excretion 
rates of iodoxamic acid and its unbound concentrations during the 
coadministration reveals a curve that appears sigmoidal rather than 
hyperbolic, as was the case in the control study of the compound infused 
alone (6). A sigmoid curve was also demonstrated in the experiment for 
Mpnkey A. A t  the lowest biliary excretion rate (almost zero value), con- 
siderable unbound iodoxamic acid was still in the plasma. 


Because the relationship between the biliary excretion rate (RB)  and 
unbound concentration of iodoxamic acid (Cr )  is sigmoidal rather than 
hyperbolic in the presence of the inhibitor, iopanoic acid, one of the fol- 
lowing types of enzyme inhibition probably takes place: ( a )  ligand ex- 
clusion, ( b )  a two-substrate system forming a ternary complex, or (c) an 
activator of an allosteric enzyme mimicing the substrate and excluding 
the inhibitor (8). Only the ligand exclusion model does not require a 
sigmoidal relationship between the rate of enzymic reaction ( u )  and the 
substrate concentration ( S )  in the absence of the inhibitor (8). According 
to this model, in the absence of an inhibitor, a hyperbolic u versus S re- 
lationship exists (see Theoretical), which was the case for iodoxamic 
acid. 


In both monkeys, a hyperbolic curve was obtained for iodoxamic acid 
in the absence of an inhibitor and a sigmoidal curve was obtained in the 
presence of iopanoic acid serving as the inhibitor. The relationships be- 
tween the biliary excretion rate and the plasma unbound iodoxamic acid 
concentration in the absence and in the presence of the inhibitor in 
Monkey B are shown in Fig. 3 (Table 111). The PROPHET computer 
system program “Hyperbolic” wasused with the data weighted using the 
reciprocal of the variances. Both V, and &were  fixed at the values 
listed for iodoxamic acid, and Ki was at  the V ,  value of iopanoic acid 
(Table IV). Under such constraints, the data could not be fitted to Eq. 
1. However, when Ki was allowed to float, results were obtained (column 


8PROPHET system is a specialized computer resource developed by the 
Chemicalh3iolo ical Information Handling Program of the National Institutes of 
Health. A detaifed description of the system’s features appeared in froc. Nat l .  
Compt. Conf. Exposition, 43,457 (1974). 
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4 in Table IV). With the parameter estimates, the computer-fitted ex- 
cretion rate values ( R E )  and residual values listed in columns 4 and 5 
of Table 111 were obtained. These values indicate that the interaction 
between iodoxamic acid and iapanoic acid in the liver can be described 
by the ligand exclusion model. In such a model, iopanoic acid acts as an 
inhibitor and competes with iodoxamic acid for binding to either of two 
identical sites within the liver, which presumably is the rate-limiting step 
in the liver’s overall elimination of these radiographic contrast agents. 
However, because of the large standard error of the mean of the estimated 
values of K ,  and K, ,  the fit may be fortuitous. Further studies will be 
required to investigate this tentative conclusion. 


Presumably, the experimental method and the data analysis used in 
the present investigation can be applied to the study of the interactions 
between other compounds (e.g., indocyanine green, sulfobromophthalein, 
propranolol, lidocaine, and propoxyphene) that have high hepatic ex- 
cretion. To apply this approach, one must have assay procedures for each 
compound independently and be able to measure the unbound concen- 
trations in plasma water. 
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Abstract 0 Progress in the development of radioimmunoassay tech- 
niques for reserpine and related compounds is reported. A conjugate of 
reserpine with human serum albumin was prepared, involving linkage 
at  the indole nitrogen atom of reserpine. Injection of the purified con- 
jugate into sheep elicited antibodies of high titer, which bound reserpine 
selectively. Tritiated reserpine was employed in the procedure, and 
dextran-coated charcoal was utilized to separate free and bound forms 
of‘the drug. Antibodies exhibited a selectivity for reserpine and did not 
cross-react significantly with major human metabolites. Cross-reactivity 
of antibodies with other reserpine derivatives ( i z ,  syrosingopine, 
deserpidine, and rescinnamine) also was investigated. A stable tritiated 
or radioiodinated reserpine derivative of high specific activity is being 
sought. to improve assay sensitivity for use in bioequivalence and bio- 
availability studies. In the absence of any extraction or concentration 
procedures, at least a 10-fold increase in immunoassay sensitivity would 
he required to follow reserpine levels in humans given normal doses of 
the drug. The methods show promise also for the assay of reserpine de- 
rivatives such as deserpidine, which exhibits cross-reactivity to reserpine 
antibodies. 


Keyphrases 0 Reserpine-antibody specificity studies, metabolites, 
synthetic congeners, radioimmunoassay 0 Radioimmunoassay-analysis, 
reserpine, metabolites, synthetic congeners 0 Antihypertensive 
agents-reserpine, radioimmunoassay, antibody specificity studies, 
metabolites, synthetic congeners 


Levy et al. (1) reported the development of a sensitive 
and specific radioimmunoassay for the antihypertensive 
agent reserpine, with a sensitivity of 15 ng/ml in rat plasma 


and no interference from major metabolites. Application 
of the method in human bioavailability and bioequivalence 
studies, without preliminary extraction procedures, has 
been limited by sensitivity. This limitation results from 
the instability of tritiated reserpine of high specific ac- 
tivity. Experience in this laboratory with reserpine im- 
munoassay development has been entirely analogous, but 
the method holds promise if a suitable tritiated or iodin- 
ated reserpine analog can be prepared. 


Earlier reserpine assays, which were reviewed recently 
(2, 3), are useful for certain applications but involve 
time-consuming separations and extractions and have 
inadequate sensitivity and specificity for reserpine de- 
terminations in plasma or urine. A recent method (4) is 
reportedly sensitive to 200 pg/ml and, perhaps, to 50 pg/ml 
with less confidence. However, this procedure is indirect, 
involving extraction followed by TLC and a fluorometric 
densitometer scan. Recovery during extraction may be 
variable and must be established. 


The purposes of this report are to compare specificities 
of antiserums produced in these laboratories during im- 
munoassay development with the work of Levy et al. (1) 
and to discuss the potential utility of reserpine antiserums 
in the immunoassay of commercially available reserpine 
analogs such as deserpidine and rescinnamine. 


0022-3549f 79f 1 100- 1433$0 1.OOf 0 
@ 1979, American Pharmaceutical Association 


Journal of Pharmaceutical Sciences I 1433 
Vol. 68, No. 11. November 1979 












Table 11-Prednkolone C2l-Esters of 
0 


n Melting Point 


0 
1 
2 
R 


2420 
202-203O 
19O-l9l0 
lfin-Ifi2~ 


para-substituted phenyl and substituted alkyl moieties 
and the sum of AH, contributions of each functional group 
present in the R moiety in the ester. Some important AH, 
values used in our study are shown in Table I (2). A 
straightforward additivity rule was applied in calculating 
AHs contributions from the R group. For instance, for the 
p-benzamidophenyl ester of dinoprostone, the AHs con- 
tribution of the phenolic moiety is the sum of 2 X 10.0 for 
phenyl, 6.5 for >C=O, and 5.6 for -NH-, giving 32.1 
kcal/mole. 


The relationship between the melting points of 22 di- 
noprostone C1-esters and 25 dinoprost C1-esters and the 
AH, contribution of the R groups is shown in Fig. 1. A 
least-squares analysis resulted in a slope of 3.M0/kcal/mole 
of AHs and an intercept, the physically meaningless 
melting point of the prostaglandins without a proton at C1, 
of 26.7’. Although the melting points of dinoprostone 
(63.4O) and dinoprost (-35’) are rather removed, visual 
inspection of the plot gives no indication of two separate 
relationships. The correlation coefficient was 0.851, which 
is surprisingly good considering all of the assumptions and 
approximations involved. 


The reasonably good correlation observed appears to 
reflect the validity of our basic assumption that the pros- 
taglandin group contribution to the melting point is con- 
stant. Both the E and F series of prostaglandins have 
substantial intramolecular interactions between two alkyl 
chains in the solid state (4) and the C1-substituents 
probably do not disturb this basic molecular conformation, 
resulting in a rather constant crystal packing arrangement 
of the esters. 


Of the C1-esters prepared, about 20% of the liquid esters 
are predicted to be solids. Since it was difficult to crys- 
tallize many of the esters (up to 2 weeks of manipulation 
was sometimes required), many of these liquid esters 
possibly could be crystallized under proper conditions. 
Although we attribute the deviations observed largely to 
assumptions in the analysis, they could originate from 
polymorph formation. All of the esters were carefully pu- 
rified by silica gel column chromatography, and it is un- 
likely that the deviations were due to impurities. 


The present analysis applies mainly to terminally sub- 
stituted prodrugs such as the prostaglandin C1-esters. 
Application of the additivity principle may not hold for 
other prodrugs where the modification is a t  an internal 
position. Under these conditions, the assumption that AS, 
is constant is not warranted due to a significantly higher 
entfopy contribution (mainly rotational) brought about 
by modification at an internal position. This situation is 
illustrated by the decrease in melting points observed in 
some prodrug series using internal homologation (Table 
11). This decrease probably is due to an additional increase 
in entropy, which would lower T,,, (Eq. 1). Therefore, our 


group contribution approach is not applicable in this 
case. 


Cautious application of the treatment to terminally 
substituted prodrugs of relatively constant size should be 
of great use in analyzing the influence of structure on 
melting points. In these special prodrug series, the melting 
points may now allow a priori estimates of the influence 
of structure on other related physical properties. 
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Nomompartmental Determination of the 
Steady-State Volume of Distribution 


Keyphrases 0 Volume of distribution-steady state, noncompartmental 
determination, calculations Pharmacokinetics-steady-state volume 
of distribution, noncompartmental determination, calculations 


To the Editor: 


Up to the present time, the use in pharmacokinetics of 
the steady-state volume of distribution (Vd,,) has been 
limited to specific compartmental mammillary models. 
However, mathematical methods usually associated in 
medicine with the use of indicator dilution curves to de- 
termine cardiac output and with the determination of 
mean residence time of endogenous substances following 
radiolabeled tracer injection permit Vd,, determination 
without the assumption of a specific compartment model 
(or its analog, the assumption of a specific number of ex- 
ponential functions). 


Riggs (1) introduced the use of an overall volume of 
distribution term, Vd,,, defined specifically with respect 
to the two-compartment open model, with elimination 
taking place from the central compartment: 


(Eq. 1) 


The steady-state volume of distribution, as defined by 
Riggs ( l ) ,  equals the total quantity of drug in the body 
divided by the concentration in the reference region of the 
central compartment when these measurements are taken 
when the tissue compartment contains the maximum 
amount of drug. Riegelman et al. (2) presented an exten- 
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sive discussion of the steady-state volume of distribution 
and the advantages of using this term when describing 
multicompartment distribution of drug in the body. They 
preferred the use of steady-state volume of distribution 
because this term (Eq. 1) is independent of the elimination 
rate constant. However, Benet and Ronfeld (3) pointed out 
that Vd,, is independent of the elimination rate constant 
only when elimination occurs exclusively from the central 
compartment. 


Gibaldi (4) showed that under steady-state conditions, 
as in a zero-order infusion, Vd,, may be calculated without 
establishing the appropriate model or determining the 
distribution and elimination rate constants if plasma 
concentrations are measured from time zero until steady 
state is reached and then following termination of the 
infusion until no drug remains in the body. Once again, this 
determination is only valid when elimination occurs ex- 
clusively from the central compartment of a multicom- 
partmental model (3 ) .  In practice, Vd,, determinations in 
the literature (at least up to 1977) have been based on 
calculations involving microconstants and the volume of 
the central compartment such as is given in Eq. 1 for a 
two-compartment model. 


Wagner (5) and van Ginneken (6) showed that Vd,, may 
be determined directly from the coefficients and exponents 
of a polyexponential equation fit to the plasma concen- 
tration time data: 


(Eq. 2) 


where Ai defines the coefficients and Xi  defines the expo- 
nents in a polyexponential equation such as Eq. 3, an ex- 
ample for data requiring three exponential terms to de- 
scribe the plasma concentration-time curve: 


C, = Ale-Act + Aze-”[ + A3e\e-x3t (Eq. 3) 


Wagner (5) stated that the Vd,, value calculated using Eq. 
2 applies only to the general model where elimination oc- 
curs exclusively from the central compartment. He sug- 
gested: “However, because of the dilemma of not knowing 
from which compartment there are exit rate constants to 
outside the body, use of Equation 2 will at  least make all 
authors homogeneous in their approach.” However, when 
the distribution constants for the model are determined 
as was done previously for calculations of Vd,, ( 2 )  or when 
the coefficients and exponentials of a polyexponential 
equation are utilized (5,6), the investigator is still required 
to propose some model and to determine a number of 
constants and coefficients either by graphical means or 
through the use of a nonlinear least-squares computer 
program. We describe a noncompartmental method of 
determining Vd,, utilizing area under the curve determi- 
nations exclusively. 


In indicator dilution studies, basic mathematical 
methodology is based on the Stewart-Hamilton theorems 
for flow and volume (7,8). Perl and Samuel (9) generalized 
these theorems to the case of multiple input channels with 
partially labeled input in a study of the input rate and 
traced mass of body cholesterol. More recently, Oppen- 
heimer et al. (10, 11) adapted these principles to facilitate 


calculation of conventionally used parameters in the study 
of iodothyronine metabolism and distribution. In these 
endocrinology studies (9, lo), the basic parameter deter- 
mined using noncompartmental analysis is the mean res- 
idence time, t ,  following an intravenous bolus dose: 


The denominator of Eq. 4 is the familiar (in phar- 
macokinetic terms) area under the plasma concentra- 
tion-time curve ( A U C )  from time zero to infinity. The 
numerator is the area under the first moment of the plasma 
curve (AUMC),  i.e.,  the area under the curve of the prod- 
uct of time, t ,  and plasma concentration, C,, from time 
zero to infinity. 


Oppenheimer et a1. (10) defined the mean residence 
time in terms of a rate constant, k ,  designated as the 
fraction of the total pool of iodothyronine irreversibly re- 
moved per unit of time: 


k,, = lfi (Eq. 5) 


We have added a subscript to this rate constant to indicate 
that it is a constant defined at steady state. This k,, should 
not be confused with either the rate constant describing 
elimination from the plasma compartment of a phar- 
macokinetic model or the rate constant describing the 
terminal plasma disappearance curve in a multicompart- 
ment model. 


A t  steady state, the product of the rate constant k,, and 
the volume Vd,, may be defined as the total body clear- 
ance: 


total body clearance = k,, Vd,, (Eq. 6) 


since clearance may be defined as a product of the rate 
constant describing the total drug fraction irreversibly 
removed from the body as a function of time, multiplied 
by the volume of distribution on which that rate constant 
is operating. That is, Eq. 6 is identical to other definitions 
of total body clearance such as kloVl and PVd6 (5). The 
total body clearance is a model-independent term and may 
be calculated for an intravenous injection as dose divided 
by the area under the plasma concentration-time curve 
from time zero to infinity. Substituting this quotient into 
Eq. 6, substituting the area relations fork,, defined in Eq. 
4 and 5, and rearranging yield the noncompartmental 
method for determining the steady-state volume of dis- 
tribution: 


This calculation will be valid only when the underlying 
assumptions discussed by Perl and Samuel (9) are valid. 
In terms of pharmacokinetic analysis, the two most im- 
portant of these assumptions are: ( a )  the system must re- 
spond linearly, i e . ,  follow first-order kinetics, and ( b )  the 
exit of tracer or drug from the body must be directly from 
the measured site, i.e., the plasma or central compartment 
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Table I-Sample Noncompartmental Vd- Calculation 


1’ tCP dt 


CP. t cp .  [ A  UCo- -t 1, [AUMCo-t], pg hr2/ml 
Hours pdml  pg hr/ml pg hr/ml 


~~ 


0.0 100.00 0 
0.0833 78.90 6.57 7.40° 0.3” 
0.1667 65.01 10.83 13.4 1 .o 
0.25 55.86 13.97 18.4 2.1 
0.5 43.14 21.57 30.6 6.5 
0.75 39.28 29.46 40.9 12.9 
1.0 37.92 37.92 50.5 21.3 
1.5 36.83 55.24 69.2 44.6 
2.0 36.08 72.16 87.4 76.5 
3.0 34.68 104.04 122.8 164.6 
5.0 32.04 160.22 189.5 428.8 
7.0 29.61 207.27 251.2 796.3 
9.0 27.36 246.23 308.1 1249.8 


12.0 24.30 291.61 385.6 2056.6 
18.0 19.17 345.07 515.6 3982.9 
24.0 1.5.12 362.97 618.5 6107.0 
36.0 9.41 338.84 763.7 10360.0 
48.0 5.86 281.18 855.3 14080.1 
72.0 2.27 163.36 947.8 19372.2 
96.0 0.88 84.37 985.6 22344.9 


120.0 0.34 40.85 1000.2 23847.5 
m 0.0 0.0 1008.8 25099.1 


All integrals approximated by using the linear trapezoidal rule. Vd., = (dose [AUMCo - - ] / [ A U C , ,  --I2) = 12,332 ml. 


in a pharmacokinetic analysis. However, these are the same 
assumptions necessary to calculate Vd,, by the methods 
described previously (Eqs. 1 and 2). 


Wagner (5 )  compared Vd,, calculation by Eq. 2 with Eq. 
1 by simulating a bolus intravenous injection of a drug 
following two-compartment kinetics with elimination 
exclusively from the central compartment. Equation 8 
contains the coefficients and exponentials utilized by 
Wagner to describe plasma concentrations following an 
intravenous 500-mg bolus dose (5): 


C, = 60.954.5e-5 + 39.0459e-0.03952( (Eq. 8) 


Using Eq. 8, we calculated plasma concentration values 
over a 120-hr period (Table I). Column 1 indicates time in 
hours; column 2 is plasma concentration in micrograms per 
milliliter; column 3 is the product of columns 1 and 2. The 
linear trapezoid rule was utilized to calculate areas under 
the curve. Column 4 tabulates area under the plasma 
concentration uersus time curve, and column 5 tabulates 
the values under the moment curve. The area under the 
plasma concentration-time curve from CPlasL until time 
infinity was estimated using: 


6, C,  dt = PIaet C 
A2 


(Eq. 9) 


where A2 is the terminal rate constant, i.e., -0.03952 hr-’ 
in Eq. 8. Likewise, the area under the concentration- 
moment curve from CPlasL to time infinity is given by Eq. 
10 (11): 


(Eq. 10) 


By using the coefficients and exponents of Eq. 8 to calcu- 
late A U C  ( i . e . ,  AI/X1 + A2IX2) and A U M C  (i .e. ,  AI/A: + 
A2/AZ), values of 1OOO.O and 25,002.5 are obtained (5). The 
difference between these values and the summations in 
columns 4 and 5 of Table I results from the errors inherent 


in estimating areas using the linear trapezoid rule. If the 
logarithmic trapezoid rule (12,13), Eq. l l’ ,  is used to es- 
timate AUC, then a value of 1000.5 is obtained: . 


(Eq. 11) 


When the time infinity values for A U C  and AUMC from 
Table I are substituted into Eq. 7 with a dose of 500,000 pg, 
Vd, is calculated to be 12,332 ml, which is -1.3% less than 
the actual 12,500-ml value. (Use of the logarithmic A U C  
calculation results in avalue of 12,537 for Vd,,.) These Vd,, 
calculations were carried out using simple area under the 
curve determinations, independent of the assignment of 
a particular compartment model or a multiexponential 
computer data fit. Unfortunately, if plasma level mea- 
surements are not carried out to characterize accurately 
the area determinations or the terminal rate constant (as 
necessary in Eqs. 9 and lo), this simple method to deter- 
mine Vd,q, is just as inaccurate as the classical methods 
under those conditions. A future publication will discuss 
the theoretical basis for the method as well as an error 
analysis. We have been utilizing this method in our recent 
pharmacdkinetic work (14-16). 
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time. When calculating AUC for curves that increase to a maximum, the linear 
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REVIEWS 


Methods in Pharmacology, Vol. 4R, Renal Pharmacology. Edited 
by MANUEL MARTINEZ-MAI.I)ONADO. Plenum, 2'27 W. t7th St., 
New York, NY 1001 1. 1978. 403 pp. 15 X 25 cm. Price $39.50. 
This volume aptly fills a gap in the literature. Although the honk was 


apparently intended for researchers in this area, each topic is treated such 
that even pharmacologists and physiologists not active in renal research 
can gain a hetter understanding [if' and appreciation for the technology 
discussed. In addition to the clear treatment of each topic, all chapters 
are well referenced. This hook should tie made available to all students 
of pharmacology, physiology, and medicine. 


The  first chapter deals with morphological methods for studying the 
kidney, including fixation methods, light microscopy, and EM proce- 
dures. The second and third chapters deal with renal dynamics. including 
clearance methods and intrarenal hlood flow measurements. Chapter 4 
deals with micropuncture techniques, while the t'ifth chapter is concerned 
with microanalytical methods l o r  nnalyzing samples ohtained hy the 
methods discussed in the previous chapter. 


In Chapter 6, methods measuring glomerular dynamics are descrihed, 
and mathematical models of glomeriilar ultrafiltration are discussed. 


Chapters 7 and 8 provide detailed descriptions of the apparatus used 
in microelectrode studies; Chapter 7 has to do with electrical potential 
measurement, and Chapter 8 concerns pH measurement. Chapter Y is 
especially interesting, providing methods for dissection and perfusion 
of isolated tuhules. 


Chapters 10-12 deal with renal biochemistry: Na--K-ATl'ase, ade- 
nylate cyclase, and intermediary metahdism. The last three chapters 
describe the methodology used in studying isolated perfused kidney in 
the dog (in vitro and in uico) and the rat ( in ci tro) .  


The effectiveness of the hook wciuld have heen greatly enhanced hy 
including with each chapter R h i e (  description of several experiments 
using the methods descrihed. Including examplary experimental drug 
application protocols and some typical data ohtained hy the methods 
would have provided the pharmacologist reader with a much clearer 
understanding of' how the method might he applied. 


In addition, it would probahly he helpl'ul lbr many readers if the names 
and addresses of manufacturers of critical equipment and supplies had 
heen provided with each chapter. 


1 have personally experienced a need for such inlormation in my pre- 
vious experience with other volumes of Mvl/iocfs in Pharmacology. 


These two shortcomings are the only major problems I see in this vol- 
ume, and I view it generally as a very inlormative and iiseful contrihution 
10 the scientific literature. 


Rcwieicwd by W. M. Bourn 
( 'o/ /ege of /'harrnac,) cind 


tloaltli .S(~ic~ni.r~s 
Nort heast /.riui.siann 1 inrwrsi t>~ 
Monrnc?. 1.11 71209 


Cocaine: 1977 National Ins t i tu te  on D r u g  Abuse (Research Mono- 
graph Series 13). Edited by H. C. PETERSON and R. C. S'I'II.IAlAN. 
Superintendent of Documents, US. Government Printing Office, 
Washington, DC 20402. Price $3 (paper cover). 
The  National Institute on Drug Abuse (NIDA) has heen publishing 


monographs on specific substances of ahuse. The  monograph on cocaine 
lollows a pattern similar to earlier monographs. There are 10 chapters 
hy 1 3  authors with 350 references dating from 1884 to 1977. There is an 
adequate author and subject index. 


The information in the hook could be classified according to history, 
pharmacology and toxicology, abuse, use, behavioral aspects, and legal 
aspects. 


This hook and the others in the series are useful to anyone involved 
in the area of substance abuse. Their rather low price makes the entire 
series inviting. 


Reuieu~ed by Charles I,. Winek 
Schuol O f  Pharmucy 
Duyuesno Universi ty  
Pittsburgh. PA 15219 


NOTICES 
Disposition I J f  Toxic Drugs and Chemicals in Man.  Vol. I .  CcJntmlly- 


Acting Drugs. Hy RANDAL], C. BASELT. Biomedical Publications, 
P.0. Box 368, Canton, CT  06019. 1978. 306 pp. 15 X 23 cm. Price 
$22.50. 


f fandbook of Experimental Pharmacology, Vol. 51. [Fric Acid. Hy 
WIL1,IAM N. KEI,I,EY and IHWIN M. WEINER. Springer-Verlag 
New York Inc., 175 Fifth Ave., New York, NY 10010. 19'78.639 pp. 16 
X 24 cm. Price $159.50 


/ A R C  MiJn0gmph.s on thi. Eualuation o f  the Carcinogenic Risk  O /  


('hcmicals lo Humans. Some N-Nitroso Compounds. (Vol. 1 7 ) .  I n -  
ternational Agency for Research on Cancer, distributed by World 
Health Organization. 1978. 165 pp. 17 X 24 cm. Price $25.00; 50 f'r. 


IAK(' Monngraphs on the Eiinluatimn of the Carcinogenic Risk of 
('hc~micals t o  Humans. Vol. 18. Polychlorinated Hiphcnyls and 
/'olybrorninated RiphcJnyls. International Agency for Kesearch on 
Cancer, distributed by World Health Organization. 1978. 140 pp. 18 
X 24 cm. Price 20 t'r. 


7'hc !ntc*rnolionczl ('hallengv of Drug Ahusc.: N I D A  Research Mono-  
graph 1.9. By IIOHER'I' C. I'ETERSEN. National Institute on Drug 
Ahuse, Division of  Research, 5600 Fishers Lane. Rockville, MD 20857. 
1978. 349 pp. I4 X 23 cm. 


Mt,lhods in ('anccr Resc.arch, VOl. X VII .  (.'ancvr Drug Dt~LdrJpmcnt, 
I'nrt H .  Edited hy VINCENT T. DeVI'I'A, dr., and HARRIS BIISCH. 
Academic, I 1  1 Fifth Ave., New York, NY 10003. 1979. 3.56 pp. I5 X 23 
cm. Price $37.00. 
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Abstract  Several 1-(4-substituted phenoxy)-2-hydroxy-3-isopro- 
pylaminopropanes and 1-(4-substituted phenoxy)-2-hydroxy-3-[3,4- 
dimethoxyphenethyl]aminopropanes were synthesized for possible 
8-adrenergic receptor blockade. The compounds were synthesized by 
reaction of the 4-substituted phenol with epichlorohydrin and subsequent 
opening of the resulting epoxide with either N-isopropylamine or N -  
3,4-dimethoxyphenethylamine. Preliminary biological testing indicated 
a decrease in the @-blocking potency and the duration of action. 


Keyphrases 0 @-Adrenergic blockers-synthesis and pharmacology, 
substituted aminopropanes, structure-activity relationships 0 Amino- 
propanes, substituted-synthesis and pharmacology as potential 8- 
adrenergic blockers, structure-activity relationships Structure-activity 
relationships-substituted aminopropanes as potential 8-adrenergic 
blockers, synthesis and pharmacology 


Several P-adrenergic receptor blocking drugs currently 
under clinical investigation differ pharmacologically on 
the basis of potency, selectivity, intrinsic sympathomi- 
metic activity, membrane-stabilizing activity, and duration 
of action. Previous reports (1-3) indicated that polar 
substitution on the ring of aryloxypropanolamines in- 
creases intrinsic molecular activity while increased mole- 
cule lipophilicity enhances membrane-stabilizing activity. 
Furthermore, para substitution of phenoxypropanola- 
mines enhances cardioselectivity (1,2,4,5). Clearly defined 


I : R = O H  
11: R = CH,OH 


111: R = CO,CH, 
IV: R = CO,H 


R - Q - O C H ~ ~ H C H , N H C H ~ C H ,  


OH 


VI: R = CH,OH 
VII: R = CO,CH, 


V : R = O H  


VIII: R = CO,H 


Table I-Chronotropic Blocking Potency a 


structural requirements for modification of the duration 
of 0-blocking activity have not been identified. The 
present study examined the effects of polar substitution 
in the para position of phenoxypropanolamines on several 
characteristics of 0-receptor blockade. 


Two series of compounds were synthesized and evalu- 
ated. The first series consisted of 1-(4-substituted phe- 
noxy)-2-hydroxy-3-isopropylaminopropanes having 
structural properties similar to previously synthesized P- 
blockers. In the second series, the structural importance 
of the N-isopropyl group for PI uersus 02 adrenergic re- 
ceptor blocking activity was explored by replacing i t  with 
a N-3,4-dimethoxyphenethyl group. As in the first series, 
polar substitutents were incorporated into the phenoxy 
ring system. 


RESULTS AND DISCUSSION 


Chemistry-Compounds I-IV were synthesized using a modification 
of established literature procedures (6). The synthetic route to VII uti- 
lized the approach developed by Hoefle et al. (7), wherein the methyl 
4-hydroxybenzoate (IX) served as the starting material. Thus, conden- 
sation of IX with epichlorohydrin gave the requisite epoxide X (Scheme 
I )  which, due to its instability, was rapidly opened with N-3.4-di- 
methoxyphenethylamine to give VII. Reduction of the ester VII provided 
the benzyl alcohol VI, while hydrolysis of VII with 2.0 N NaOH gave the 
acid VIII. 4-(Benzyloxy)phenol was converted to XI11 (Scheme 11) using 
the standard two-step procedure. Subsequent hydrogenolysis of the 
benzyl protecting group provided V. 


Biology-Chronotropic ID25 and ID50 values for each compound and 
for propranolol are contained in Table I. All compounds except IV and 
VII appeared to have blocking activity but were considerably less potent 
than propranolol in blocking the heart rate effects of isoproterenol. A 
comparison of the relative potencies revealed that the compounds were 
five to 52 times less potent than propranolol on the heart. The methylene 
hydroxy derivatives of both series of compounds had potencies that ap- 
proached those of propranolol. Propranolol produced 51,61, and 59% 
inhibition of the diastolic pressure response to  isoproterenol infusions 
at  0.008, 0.024, and 0.072 mg/kg, respectively. All compounds except I 
were, in general, much less effective than propranolol in blocking diastolic 
pressure, producing <26% inhibition at  any dose. Compound I produced 
68.8% inhibition a t  10.0 mg/kg. 


Table I 1  summarizes the data on the duration of chronotropic block 
induced by the active compounds and propranolol. Duration of action 
has been normalized to equivalent pharmacological effect as described 


ID26 IDSO 
ComDound n moles/kg X 10-8 Relative Potencv moles/ke X Relative Potencv 


IV 3 
V 4 


VI 3 
VII 3 


VIII 3 


3.3 f 0.03 
28.0 f 7.6 


172.0 f 54.9 
59.3 f 9.9 


36.6 f 6.6 
15.1 f 4.5 
51.7 f 11.8 


1 1.1 f 0.2b 
0.12 - 


0.019 166.0 f 90.2 
0.056 15.7 f 2.9 


0.093 8.6 f 1.3 
0.22 4.8 f 1.8 
0.064 11.1 f 3.3 


C 


Not active 


Not active 


1 


0.006 
0.067 


c - 


0.122 
0.22 
0.095 


ID26 and ID50 refer to 25 and 50% inhibition of the chronotropic response to isoproterenol hydrochloride infusion at 1.0 pg/kg/min. * Values are means f SEM. 
( Fifty-percent inhibition was not attained with this agent. 


1238 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 10, October 1979 


0022-35491 791 1000- 1236$0 1.OOlO 
@ 19 79, American Pharmaceutical Association 







Table 11-Duration of Chronotropic Block (Minutes) a 


lnhibition Propranolol I I1 I11 V VI VII 


14.8 f 2.4 14.4 f 1.2 6.0 f 1.2 4.4 f 1.4 3.5 f 0.4 3.5 f 1.1 4.5 f 0.5 
lDmb 20.4 f 2.4 - 31.1 f 10.2 9.5 f 2.8 7.8 f 0.7 6.7 f 2.4 7.7 f 1.4 
ID25 


C 


Duration was measured as the time associated with 50% recovery of the heart rate after dosing with the blocking agent. Duration was normalized to doses producing 
25 and 50% inhibition of the heart rate response to isoproterenol infusion. Fifty-percent inhibition was not attained with this agent. 


IX X 


under Experimental to facilitate comparison. With two exceptions, the 
duration of block was considerably shorter with the polar-substituted 
compounds than with propranolol. Compound I, which has a hydroxy 
group in the para position of the ring, had a duration of action at the 125 
level that approached that of propranolol. Compound I1 was peculiar. 
At low doses (I~s), it produced a significantly shorter blocking effect than 
propranolol; but at higher doses (Im), its duration of action was equivalent 
to that of propranolol. 


The isoproterenol infusion model used for compound evaluation is not 
appropriate for quantitative analysis of cardioselective properties. 
Nevertheless, the fact that all compounds except I caused considerably 
less diastolic pressure inhibition than did propranolol suggests that these 
agents are somewhat cardioselective. Indeed, para substitution (1,2,4, 
5 ) ,  especially with hydrogen bond acceptor groups (l), is thought to be 
favorable to the development of cardioselective properties. N-Substi- 
tution with the 3,4-dimethoxyphenethyl system also has been shown to 
impact on cardioselectivity (8); as shown by Hoefle et al. (7), combination 
of this end group with para substitution in the ring results in remarkable 
cardioselectivity. 


The present findings indicate that para substitution of phenoxypro- 
panolamines with polar substituents appears, in general, to produce p- 
receptor antagonists with a shorter duration of action than that of pro- 
pranolol. The potency of these compounds, however, is considerably less 
than that of propranolol. This latter finding supports previous reports 
(1,2), which indicated that para substitution almost universally lowers 
potency relative to both propranolol and to ortho-substituted derivatives. 
However, the potency was somewhat improved when para substitution 
was coupled with the N-3,4-dimethoxyphenethyl substituent. This effect 
was obvious with p-hydroxy and p-methylene hydroxy substitution but 
was less clear with the methyl esters. A similar phenomenon was reported 


by Hoefle et al. (7) for nonring-substituted and para-substituted amide 
compounds. 


EXPERIMENTAL’ 


Methyl 4-(2,3-Epoxypropoxy)benzoate (X)-To 75 ml of methanol 
containing 2.4 g (0.06 mole) of NaOH were added 7.6 g (0.05 mole) of 
methyl 4-hydroxybenzoate and 30 ml(0.4 mole) of epichlorohydrin. The 
reaction mixture was stirred at  room temperature for 20 hr and then was 
concentrated to a residual oil partitioned between 50 ml of chloroform 
and 25 ml of 1 N NaOH. The organic phase was separated, washed twice 
with 25-ml portions of water and once with 25 ml of saturated sodium 
chloride, and dried over magnesium sulfate. The chloroform was evap- 
orated, and the product was obtained as a colorless oil in 9970 yield; NMR 
(CDCl): 6 7.2 (m, 4H, ArH) and 3.45 (s,3H, -0CH3). 
I-(4-Methoxycarbonylphenoxy)-2-hydroxy -3- (3,4-dimethoxy- 


phenethy1amino)propane (VI1)-A reaction mixture containing 6.24 
(0.03 mole) of X and 5.5 g (0.03 mole) of 3,4-dimethoxyphenethylamine 
in 50 ml of methanol was refluxed for 2.0 hr. After the volatiles were re- 
moved, a viscous oil resulted and then solidified upon standing to yield 
81% of theory. Recrystallization from ethyl acetate afforded an analytical 
sample, mp 117-118O. 


Melting points were determined in open glass capillaries using a Thomas-Hoover 
Uni-Melt apparatus and are uncorrected. IR absorption spectra were recorded on 
a Beckman model 18A spectrophotometer on either liquid films or potassium 
hromide pellets. NMR spectra were recorded on a Varian T-60 spectrometer with 
tetramethylsilane as the internal standard. Elemental analyses were performed 
by Galbraith Laboratories, Knoxville, Tenn. 
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The hydrochloride salt was obtained by acidifying an ethanolic solution 
of the base with anhydrous hydrochloric acid (93% yield).Recrystallization 
from 2-propanol afforded an analytical sample, mp 16g167’; IR (KBr): 
1695 (C=O) cm-’; NMR (CDC13): 6 6.7-8.0 (m, 7H, ArH), 3.80 (s, 9H, 
-OCH3), and 2.9-4.0 (m, 9H, -CH2 and -CHI. 


Anal.-Calc. for C ~ ~ H ~ S C ~ N O ~ :  C, 59.19; H, 6.63; N, 3.29. Found: c ,  
59.10; H, 6.58; N, 3.24. 


I -( 4-Hydroxymethylphenoxy)-2-hydroxy -3- (3,4-dimethoxy- 
phenethy1amino)propane Hydrochloride (V1)-To a suspension of 
5.3 g (0.015 mole) of VII in 150 ml of dry tetrahydrofuran was added 4.0 
g of lithium tetrahydroaluminate in small portions. The resulting reaction 
mixture was refluxed overnight. After cooling, the excess lithium 
tetrahydroaluminatewas decomposed bycareful addition of 5 ml of 2 N 
NaOH. The white precipitate which formed was removed by filtration 
and discarded. The filtrate was dried over anhydrous magnesium sulfate 
and acidified with anhydrous hydrochloride. The volatiles were removed, 
and the residue was recrystallized twice from 2-propanol, yielding 4.0 g 
(66% yield) of product, mp 110’ dec.; NMR (CF3COOH): 6 6.9 (m, 7H, 
ArH) and 3.9(s,6H,-OCH3). 


Anal.-Calc. for C20H2sClN05: C, 60.37; H, 7.10; N, 3.52. Found: C, 
60.44; H, 7.14; N, 3.54. 


1 -(4-Hydroxycarbonylphenoxy)-2-hydroxy -3- (3,4-dimethoxy- 
phcnethy1amino)propane (VII1)-A suspension of VII (1.95 g, 0.005 
mole) in 15 ml of 2 N NaOH was refluxed for 1.5 hr. After the reaction 
mixture was cooled and acidified with concentrated hydrochloric acid 
(2 ml), the desired product precipitated as the hydrochloride salt. Re- 
crystallization of the salt from methanol afforded an analytical sample 
(78% yield), mp 224-225’; IR (KBr): 3370 (-OH) and 1670 (C02H) cm-l; 
NMR (CF3COOH): 6 6.9-8.0 (m,7H,ArH),3.8 (s,6H,-OCH3),4.3,and 
3.0-3.5 (m, 9H, -CH2). 


Anal.-Calc. for C20H26ClN06: c, 58.36; H, 6.36; N, 3.51. Found: C, 
58.46; H, 6.40; N, 3.40. 


3-(4-Benzyloxy)phenoxy- 1.2-epoxypropane (XI1)-A methanolic 
solution (250 ml) containing p-(benzy1oxy)phenol (20.0 g, 0.1 mole), so- 
dium hydroxide (4.0 g, 0.1 mole), and epichlorohydrin (0.5 mole) was 
stirred at  room temperature for 18 hr. The reaction mixture was filtered, 
and the filtrate was concentrated under vacuum. The resulting residue 
was partitioned between 100 ml of chloroform and 40 ml of 0.1 N NaOH. 
The organic phase was dried over magnesium sulfate. Solvent removal 
under a vacuum afforded the product as a semisolid, which was recrys- 
tallized from methanol (21.3-g yield, 82%), mp 69-71’; NMR (CDCl3): 
6 6.9-7.4 (m, 9H, ArH), 5.0 (s,2H, ArCHz), and 2.8-4.2 (m, 5H, -CH2 and 


1 -(4-Benzyloxy)phenoxy-2-hydroxy -3- (3.4-dimethoxypheneth- 
y1amino)propane (XII1)-A solution of XI1 (6.45 g, 0.025 mole) and 
3,4-dimethoxyphenethylamine (4.65 g, 0.025 mole) in 40 ml of methanol 
was refluxed for 2.0 hr, followed by evaporation of the solvent under re- 
duced pressure. The residue was made basic with 3 N NaOH, and the 
basic solution was extracted with two 50-ml portions of chloroform. The 
organic phase was dried over magnesium sulfate, and the volatiles were 
removed under reduced pressure. The residue was recrystallized from 
ethyl acetate (8.2-g yield, 73%), mp 103-106”; NMR (CDC13): 6 6.8-7.4 
(m, 9H, ArH), 5.0 (s, 2H,ArCH2), 3.8 (s,6H,-OCH3), and 2.7 (m,9H, 
-CH2 and -CHI. 


Anal.-Calc. for C26H32N05: C, 71.23; H, 7.30; N, 3.19. Found: C, 71.41; 
H, 7.23; N, 3.01. 


I-(4-Hydroxyphenoxy)-2-hydroxy -3- (3.4-dimethoxyphenethyla- 
mino)propane Hydrochloride (V)-A methanolic solution (250 ml) 
containing 9.5 g (0.022 mole) of XI11 was hydrogenated over 200 mg of 


-CH). 


10% palladium-on-charcoal on a Parr hydrogenator until hydrogen up- 
take ceased. The catalyst was removed by filtration, and the filtrate was 
evaporated to  give an oily residue. An ethanolic solution of the residue 
was acidified with anhydrous hydrochloric acid. The resulting white 
precipitate was recrystallized from ethanol (6.2-g yield, 74%), mp  180- 
182O; NMR (CF3COOH): 6 6.9 (n, 7H, ArH) and 3.9 (s, 6H, -0CH3). 


Anal.-Calc. for C19H26ClNO5: C, 59.44; H, 6.82; N, 3.67. Found C, 
59.59; H, 6.97; N, 3.70. 


Biology-The &blocking activity of the eight experimental com- 
pounds and propranolol was assessed in vagotomized, pentobarbital- 
anesthetized dogs (30 mg/kg), prepared for measurement of pulsatile 
aortic blood pressure (carotid cannula) and heart rate2. 0-Blocking ac- 
tivity was measured as the percent inhibition of the heart rate and dia- 
stolic blood pressure response produced by continuous isoproterenol 
hydrochloride infusion a t  1.0 pg/kg/min. A continuous isoproterenol 
infusion was chosen to measure the duration of 0-blockade associated 
with each compound studied. Preliminary studies indicated that the heart 
rate and diastolic pressure response to continuous isoproterenol infusion 
were stable for 4 hr. 


Each experimental compound was tested a t  four dose levels: 0.01, 0.1, 
1.0, and 10.0 mg/kg; propranolol was tested at 0.008, 0.024, and 0.072 
mghg. All blockers were administered intravenously over a 15-sec period. 
Blocker administration commenced with the lowest dose first, and sub- 
sequent doses were administered 15 min after the effects of the previous 
dose had disappeared. Each animal received only one blocking drug. 


Compound potency was compared with that of propranolol on the basis 
of doses (moles per kilogram) required to produce 25 and 50% inhibition 
(ID25 and IDSo, respectively) of the isoproterenol-induced heart rate 
change. These values were obtained from log dose-response curves for 
each agent. The duration of 0-blockade was measured as the time asso- 
ciated with 50% recovery of the heart rate after dosing with blocking 
agents. Plots were then constructed of duration of action uersus percent 
inhibition. An approximately linear relation existed between the two 
variables over the linear portion of the dose-response curve. Estimation 
of the 50% recovery times associated with 20 and 50% inhibition allowed 
normalization of the duration of action to  the pharmacological effect. 
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4 in Table IV). With the parameter estimates, the computer-fitted ex- 
cretion rate values ( R E )  and residual values listed in columns 4 and 5 
of Table 111 were obtained. These values indicate that the interaction 
between iodoxamic acid and iapanoic acid in the liver can be described 
by the ligand exclusion model. In such a model, iopanoic acid acts as an 
inhibitor and competes with iodoxamic acid for binding to either of two 
identical sites within the liver, which presumably is the rate-limiting step 
in the liver’s overall elimination of these radiographic contrast agents. 
However, because of the large standard error of the mean of the estimated 
values of K ,  and K, ,  the fit may be fortuitous. Further studies will be 
required to investigate this tentative conclusion. 


Presumably, the experimental method and the data analysis used in 
the present investigation can be applied to the study of the interactions 
between other compounds (e.g., indocyanine green, sulfobromophthalein, 
propranolol, lidocaine, and propoxyphene) that have high hepatic ex- 
cretion. To apply this approach, one must have assay procedures for each 
compound independently and be able to measure the unbound concen- 
trations in plasma water. 
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Abstract 0 Progress in the development of radioimmunoassay tech- 
niques for reserpine and related compounds is reported. A conjugate of 
reserpine with human serum albumin was prepared, involving linkage 
at  the indole nitrogen atom of reserpine. Injection of the purified con- 
jugate into sheep elicited antibodies of high titer, which bound reserpine 
selectively. Tritiated reserpine was employed in the procedure, and 
dextran-coated charcoal was utilized to separate free and bound forms 
of‘the drug. Antibodies exhibited a selectivity for reserpine and did not 
cross-react significantly with major human metabolites. Cross-reactivity 
of antibodies with other reserpine derivatives ( i z ,  syrosingopine, 
deserpidine, and rescinnamine) also was investigated. A stable tritiated 
or radioiodinated reserpine derivative of high specific activity is being 
sought. to improve assay sensitivity for use in bioequivalence and bio- 
availability studies. In the absence of any extraction or concentration 
procedures, at least a 10-fold increase in immunoassay sensitivity would 
he required to follow reserpine levels in humans given normal doses of 
the drug. The methods show promise also for the assay of reserpine de- 
rivatives such as deserpidine, which exhibits cross-reactivity to reserpine 
antibodies. 


Keyphrases 0 Reserpine-antibody specificity studies, metabolites, 
synthetic congeners, radioimmunoassay 0 Radioimmunoassay-analysis, 
reserpine, metabolites, synthetic congeners 0 Antihypertensive 
agents-reserpine, radioimmunoassay, antibody specificity studies, 
metabolites, synthetic congeners 


Levy et al. (1) reported the development of a sensitive 
and specific radioimmunoassay for the antihypertensive 
agent reserpine, with a sensitivity of 15 ng/ml in rat plasma 


and no interference from major metabolites. Application 
of the method in human bioavailability and bioequivalence 
studies, without preliminary extraction procedures, has 
been limited by sensitivity. This limitation results from 
the instability of tritiated reserpine of high specific ac- 
tivity. Experience in this laboratory with reserpine im- 
munoassay development has been entirely analogous, but 
the method holds promise if a suitable tritiated or iodin- 
ated reserpine analog can be prepared. 


Earlier reserpine assays, which were reviewed recently 
(2, 3), are useful for certain applications but involve 
time-consuming separations and extractions and have 
inadequate sensitivity and specificity for reserpine de- 
terminations in plasma or urine. A recent method (4) is 
reportedly sensitive to 200 pg/ml and, perhaps, to 50 pg/ml 
with less confidence. However, this procedure is indirect, 
involving extraction followed by TLC and a fluorometric 
densitometer scan. Recovery during extraction may be 
variable and must be established. 


The purposes of this report are to compare specificities 
of antiserums produced in these laboratories during im- 
munoassay development with the work of Levy et al. (1) 
and to discuss the potential utility of reserpine antiserums 
in the immunoassay of commercially available reserpine 
analogs such as deserpidine and rescinnamine. 
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Table I-Data for Standard Radioimmunoassay Curve 


l'uhe 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


Bovine Serum Reserpine 
Buffero, ml Albuminb, ml Antiserumr, ml 


1.30 0.10 - 
0.80 0.10 - 
0.70 0.10 0.10 
0.69 0.10 0.10 
0.68 0.10 0.10 
0.65 
0.63 
0.60 
0.55 


0.10 
0.10 
0.10 
0.10 


0.10 
0.10 
0.10 
0.10 


0.50 0.10 0.10 


Reserpine (Cold)d 


- - 0.10 
- - 0.10 


0 0 0.10 
0.010 1 .o 0.10 
0.025 215 0.10 
0.050 5.0 0.10 
0.075 7.5 0.10 
0.100 10.0 0.10 
0.150 15.0 0.10 
0.200 20.0 0.10 


Milliliters Nanograms 3H-Reserpine', ml 
Dextran-Coated 
Charcoal[, nil 


- 


0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 


~~ 


0 Huller was 0.15 M NaCl and 0.01 M stdium phosphate, pH 7.4. Bovine serum albumin was 5 g of 2X crystalline bovine serum albumin (Armour)/100 ml. Reserpine 
3H-Keserpine was 0.10 n g / 4  in 1070 


Dextran-coated charcoal suspension contained 0.01 g of radioimrnunoassay grade charcoal/ml and 0.25 mg of dextran ira- 
iintiserutn was diluted 1 5 0  with buffer; final dilution was 1:500 in tube. 
i~ihaitiil in buf'f'er i10 ng/tube, -5000 dpm). 
d i s  p i  mmunoassay grade)/ml. 


Reserpine (cold) was 0.10 ng/pl in 101 ethanol in buffer. 


EXPERIMENTAL 


Materials-The following were used: human serum albumin' (crys- 
talline, B grade), bovine serum albumin' (crystalline, A grade), reserpine2, 
Yreund's complete adjuvant?, formalin solution4, dextran5, charcoal5, 
it commercial liquid scintillation fluidfi, deserpidine7, rescinnamine2, 
syrosingopine8, methylreserpate8, reserpic acid8, and 3H-reserpineg. 
Tritium counting was performed using a liquid scintillation spectrometer 
with automatic external standardization to enable computation of effi- 
ciency and disintegrations per minute of individual samplesI0. 


Reserpine Conjugation with Human Serum Albumin (Antigen 
Preparation)-To 5 pCi of 3H-reserpine in 2 ml of ethanol was added 
1.50 rng of reserpine. After solvent removal in uacuo, the solid was dis- 
holved in 3.6 ml of acetic acid and added to 400 mg of human serum al- 
humin in 4 ml of distilled water. To the resulting clear solution was added 
2.4 ml of38% formaldehyde, and the mixture was warmed at  50" under 
nitrogen for 1 hr. Solvents were removed in uacuo a t  room temperature 
( 10 hr), and the residue was slurried in 10 ml of 5% sodium bicarbonate, 
collected by centrifugation, washed several times with 50% ethanol, and 
dried. 


The solid product was thoroughly washed with chloroform-methanol 
(1:1) until no further reserpine appeared in the washings as determined 
hy counting tracer radioactivity. Digestion of 2-mg samples of the 350 
mg of conjugate obtained was carried out on a steam bath in a mixture 
(11 10 drops of 30% hydrogen peroxide and 30 drops of 70% perchloric acid, 
and the digest was counted in a scintillation cocktail. Two separate de- 
terminations indicated 4.1 and 4.0 moles of reserpine/rnole of human 
herum albumin (based on mol. wt. 70,000). 


Immunization and Titer Determination-Two sheep were injected 
intramuscularly a t  several sites a t  monthly intervals with a solution of 
:< mg of conjugate in 1.5 ml of physiological saline emulsified with 1.5 ml 


V a 


ANTISERUM DILUTION I xx) 
(Ionq H'- RESERPINE) 


I 1 I I 


2 5 10 20 50 100 
101 


1 
NONRADIOACTIVE RESERPINE ADDED. 39 


Figure 1-Standard reserpine radioimmunoassay curve 


I ('alliiochem Corp., La Jolla, Calif. 
Sigma Chemical Co., St. Louis, Mo. 
Dif'cii Lahoratories, Detroit, Mich. 
,J. 1'. Haker Chemical Co.. Phillipsburg, N.J. 
I~adiiiiminlln(iassay grade materials, SchwadMann, Orangeburg, N.Y. 
Scintoverse. Fisher Chemical Co.. Raleigh. N.C. ' (iift of Ahhht Lahoratories, North Chipa& 111. " (iilt (11'Ciha-Geigy Corp., Summit, N.J. 
New England Nuclear Corp., Boston, Mass. ispecific activity 157 mCi/mmole. 


"H-trimethlixyhenzoyl ring). 
l o  Model 3255, Packard Instrument GI,, Downers Grove, Il l .  


111' Freund's complete adjuvant. Bleedings were made from the neck vein 
-7-10 days after each booster injection. Serum, prepared by the usual 
procedures, was tested for reserpine-binding ability using 10 or 2 ng of 
"H-reserpine, according to  the procedure described later. 


Both sheep responded similarly to the conjugate, producing antiserum 
of usable titer (i,e,, 1:500-700 with 10 ng of 3H-reserpine and 1:3000 with 
2 ng of' "H-reserpine) after 2-3 months. Bleedings taken subsequently 
up to 18 months maintained approximately equivalent titers and speci- 
ficity. In experiments described later, serum from one sheep (LT 7-8-76) 
was employed. 


S t anda rd  Immunoassay Curve  and Specificity Studies-Table 
I indicates the contents of the assay tubes utilized for the standard im- 
munoassay curve. Bovine serum albumin (0.5%) was added to the buffer 
(1) hysiological saline--phosphate buffer, pH 7.4) t o  minimize adsorption 
( 1 1  :'H-reserpine and cold reserpine onto vessel walls. Antiserum was 
lreshly diluted from stock on the day of use. Following antiserum addi- 
tion, varying quantities of the cold reserpine, metabolite, or other re- 
serpine analog were added. Finally, 10 ng of 3H-reserpine (-5000 dpm) 
was added to each tube. 


Tubes were incubated at  37O for 2 hr and chilled in ice for 30 min, and 
0.6 ml of dextran-coated charcoal suspension (Table I, footnote /) was 
added to desired tubes. After vortexing, suspensions were left at Oo for 
exactly 15 min and then centrifuged a t  2' for 10 min. Exactly 1.0 ml of 
the supernate was removed carefully by automatic pipet and counted in 
10 ml olscintillation cocktail in a counting vial. Percent binding figures 
were calculated. Nonspecific binding (-5%) was subtracted from the total 
prrcentage figures observed. The entire procedure was essentially iden- 
tical to that described previously for methotrexate (5). 


Typical standard curves obtained for two different antiserum dilutions 
;Ire shown in Fig. 1. Curves apparently were reproducible in initial studies 
;ind were not shifted significantly by the addition of up to 0.1 ml (10% 
r t l '  Lhe total tube contents) of human serum, plasma, cerebrospinal fluid, 
or  urine to the assay medium. Curve fitting (linearization) was also carried 
out using logit transformation procedures (6). particularly for cross- 
reactivity (specificity) studies. 


RESULTS AND DISCUSSION 


lmmunogen and Antiserum Preparation-By employing a modi- 
fication of a literature procedure (7), reserpine was coupled through the 
indole nitrogen uia formaldehyde treatment in acetic acid to lysine 
groupings of human serum albumin. The inclusion of tracer quantities 
ol' "H-reserpine enabled estimation of the conjugate reserpine content 
st 4 moles/mole of human serum albumin. This level compares closely 
10 the "Mannich-type" conjugation carried out in dimethyl sulfoxide 
(using hovine serum albumin) by Levy et al. (l), which gave a hapten- 
carrier ratio of' about 5. The coupling site a t  the indole nitrogen of re- 
serpine appears to be ideal since major metabolic (hydrolytic) transfor- 
mation sites, the trirnethoxybenzoyl group a t  position 18 and the methyl 
cster at position 16 (Table I I ) ,  remain unmasked as potential immuno- 
determinant groups, and the resultant antibodies should be able to dis- 
tinguish reserpine from its major metabolic products reserpic acid, 
met hylreserpate, and trimethoxybenzoic acid (8). 


Each of two sheep responded similarly to initial antigen injections and 
monthly boosters. After 3 months, antiserum of usable titer (1:500-700 
as determined using 10 ng of:'H-reserpine and 1:3000 using 2 ng of :'H- 
reserpine) resulted; these titers remained essentially constant over the 
15 additional months during which the hoosters were maintained. In 
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Table 11-Structures of Reserpine a n d  Related Compounds 


, O M  I S  


Compound Rli RIG R17 RIS 


Reserpine CH:IO CH3 CH3 3’,4’,5’-Trimethoxybenzoyl 
Deserpidine H CHs CHR 3’,4’,5’-Trimethoxybenzoyl 
Hescinnamine CHsO CH3 CH3 3’,4’,5’-Trimethoxycin- 


Syrosingopine CH:,O CH3 CH:, 3’,5’-Dimethoxy-4’-ethyl- 
namoyl 


carbonatobenzoyl 
Methyl- CHsO CH3 CH3 H 


reserpate 
HeserDicacid CHnO H CH? H 


comparison with these results, Levy et al. (1) reported a maximal titer 
of only 1:lOO (1 ng of 3H-reserpine) with their Mannich-type immunogen 
and eventually based their immunoassay on higher titer antiserum that 
originated from a “diazo-type” conjugate coupled in the indole benzene 
ring. 


Standard Immunoassay Curve-With the components described 
in Table I and the conditions discussed under Experimental, typical 
standard immunoassay curves (Fig. 1) were obtained. Points were usually 
determined in triplicate, with a coefficient of variation of <8% in all cases 
when 10 ng of 3H-reserpine was used. The position and shape of the curve 
were not influenced appreciably by the addition of up  to 10% (0.1 ml) of 
human plasma, serum, or cerebrospinal fluid. With 2 ng of ”-reserpine, 
increased error was observed (Fig. 1). 


Because of interest in obtaining radiolabeled material of higher specific 
activity (producing increased sensitivity), exhaustive work has not been 
carried out to determine optimum conditions for the assay with the 
available tritiated reserpine of low specific activity. The obvious defi- 
ciency of the system employing commercially available 3H-reserpine is 
sensitivity insufficient to reach levels normally found (estimated by gross 
radioactivity measurements) in human subjects. These levels are 0.2-2.0 
ng/ml according to one study after a single oral 0.25-mg dose (9). Levy 
et at. (11, using 3H-reserpine of specific activity 1.7 Ci/mmole (of limited 
stability but -10 times that available commercially), apparently en- 
countered similar difficulties, with sensitivity limited to -15 ng/ml of 
plasma, unless Tripp’s extraction procedure was employed for primary 
reserpine concentration in the sample. In this laboratory, iodination 
procedures with iodine 125 have been unsuccessful, and similar dif- 
ficulties were reported by Levy et al. (1). 


Cross-Reactivity Studies (Specificity Determinations)-The 
major reserpine metabolites as well as several semisynthetic analogs were 
studied for their ability to dispJace 3H-reserpine from antibody binding 
sites under the conditions outlined earlier. Metabolites were reserpic acid, 
methylreserpate, and 3,4,5-trimethoxybenzoic acid; commercially 
available synthetic analogs were rescinnamine, syrosingopine, and 
deserpidine (Table 11). Results (Table 111) are expressed as the ratio of‘ 
the amount of compound to the amount of reserpine producing 50% 
binding inhibition (also expressed as percent cross-reactivity, derived 
from the reciprocal of the ratio in question). These figures were obtained 
uia logit transformation linearization of sigmoid curves such as those 
shown in Fig. 1 (6). 


The results in Table 111 indicate that major reserpine metaholites in 
humans, specifically reserpic acid, methylreserpate, and 3,4,5-tri- 
methoxybenzoic acid, do not cross-react to any significant extent (<0.6%) 
with reserpine antibodies. Similar results were obtained by Levy et at. 
(1) using both their Mannich-type immunogen and a preferable “higher 
titer” antiserum involving coupling of bovine serum albumin through 
an azobenzoyl linkage adjacent to the 11-methoxy substituent of reser- 


Table  111-Cross-Reactivity of Reserpine Analogs and  
Metabolites i n  Reserpine Radioimmunoassay 


Ratio of Amount of Compound to Amount of 
Reserpine Producing 50% Binding Inhibition 


“Mannich” Coupled” 
Immunogen Immunogen 


“Diazo- 


Compound This Study (Ref. 1) (Ref. 1) 


Reserpine 1.0 (100)” 1.0 (100) 1.0 (100) 


Methylreserpate 167 (0.6) 85 (1.2) 90 ( 1 . 1 )  
Iteserpic acid 167 (0.6) >2200 (<0.1) >20OO (<0.1) 


>2500 (<0.1) >2500 (<0.1) Serotonin - 
:1,4,5-Trimethoxy- >>670 (<0.2) >2300 (<0.1) >2000 (<&I)  


liescinnamine 38 (2.6) 5 (20) 130 (0.8) 
Syrosingopine >>670 (<0.2) - 
Ileserpidine 1.33 (75) - 


benzoic acid 


- 
- 


Figures in parentheses express percent cross-reactivity. 


pine. Such results with all three conjugates are expected, because coupling 
sites are remote from the metabolism sites at the 16- and 18-positions; 
i.e., these groups are left free as immunodeterminants in the hapten. 


Of particular interest is the observation that deserpidine, which differs 
from reserpine only in the absence of an 11 -methoxy grouping, was bound 
to antibody prepared in this work nearly as well as reserpine (75% 
cross-reactivity), indicating that the 11-position on the aromatic ring, 
which is rather close to the N-1 indole nitrogen atom, the point of cou- 
pling, is thus hindered as an immunodeterminant group in antibody 
formation. This observed cross-reactivity is of special interest as a po- 
tential basis for a deserpidine immunoassay. Little cross-reactivity was 
observed between antiserum and the two additional synthetic reserpine 
analogs, syrosingopine (0.2%) and rescinnamine (2.6%), although the 
latter was bound significantly to the Roche antibody (“Mannich immu- 
nogen,” 20% cross-reactivity). 


Such specificity studies, especially if combined with a stable tritiated 
or iodinated reserpine derivative (or one of the other drugs mentioned), 
could contribute valuahle methodology for bioavailability, bioequiva- 
lence, and metabolism studies of reserpine or its analogs. 
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Abstract 0 A high-pressure liquid chromatographic method was de- 
veloped that separates prednisolone from prednisone, prednisone from 
methylprednisolone succinate sodium, and hydrocortisone from hydro- 
cortisone acetate or cortisone acetate. The common liquid dosage pre- 
servatives methylparaben, propylparaben, and sodium benzoate do not 
interfere with quantitative prednisolone, prednisone, and hydrocortisone 
determinations. The method was used to study prednisolone and pred- 
nisone stability in five aqueous vehicles (water, citrate buffer USP, 50% 
glycerin, 50% sorbitol, and 50% sucrose) containing 10% (v/v) ethanol. 
Prednisone crystallized out in all vehicles except glycerin, in which it 
appeared to he stable for at  least 92 days. Prednisolone did not crystallize 
in any vehicle but decomposed quickly in citrate buffer. Sorhitol and 
glycerin appeared to be the best vehicles for prednisolone. The developed 
method was applied successfully to the quantitative determinations of 
prednisolone, prednisone, and hydrocortisone in commercial tablets. 


Keyphrases 0 Prednisolone-analysis, high-pressure liquid chroma- 
tography, liquid dosage forms, separation from prednisone 0 Predni- 
sone-analysis, high-pressure liquid chromatography, liquid dosage 
forms, separation from prednisolone High-pressure liquid chroma- 
tography-analysis, prednisolone and prednisone in liquid dosage forms 
0 Dosage forms, liquid-prednisolone and prednisone, separation by 
high-pressure liquid chromatography 


A number of drugs are not available commercially in 
liquid dosage forms due to stability problems. However, 
physicians often prescribe some of these drugs for infants 
and small children who cannot swallow tablets or capsules. 
Furthermore, liquid dosage forms may be required for 
administration to adults through nasal gastric tubes. 


BACKGROUND 


The effect of some solid buffering agents, e.g., antacids, aluminum 
hydroxide. calcium carbonate, magnesium carbonate, magnesium oxide, 
m d  magnesium trisilicate, on prednisolone stability in aqueous sus- 
pensions was reported previously ( I ) .  The steroid was adsorbed by 
magnesium trisilicate and decomposed in the presence of magnesium 
carbonate. The other antacids had no effect on the stahility. A later article 
( 2 )  on haw-catalyzed prednisolone decomposition reported that the 
steroid exhibited first-order degradation kinetics. A kinetic study (9) on 
f'luprednisolone acetate stahility in aqueous solution (pH 7.2) also indi- 
cated that the steroid could not be stabilized in a neutral aqueous solu- 
tion. 


l'rednisone may change to prednisolone on standing in an aqueous 
solution'. Before vehicle evaluation, therefore, it was important to de- 
velop an appropriate analytical method to separate prednisolone from 
prednisone. The previously developed high-pressure liquid chromato- 
graphic (HP1.C) technique for hydrocortisone (4)  was not suitable since 
it did not separate prednisolone from prednisone. In this procedure, a 
wlumn of' semipolar packing material consisting of a monomolecular layer 
i)i' cyanopropylsilane permanently honded to silica was used. 


'The purposes of this study were to develop an appropriate analytical 
1)rocedure to separate prednisone from prednisolone and to evaluate the 
effect of some aqueous vehicles [ethanol, citrate buffer USP (5), 50% 
glycerin, 50% sorbitol, and 50% sucrose] on prednisone and prednisolone 
stability. 


J.T. Slattrry. School'~)fPharmacy, University of New York at Buffalo, Buffalo, 
K.Y.. vrrsrmal communication 


I 11 
EXPERIMENTAL 


Chemicals and  Reagents-All chemicals and reagents were USP. 
NF, or ACS grade and were used without further purification. Prednis- 
olone2 (I), prednisone* (II), hydrocortisone2, hydrocortisone acetate3, 
and cortisone acetate4 were used as received. Methylprednisolone suc- 
cinate sodium2 powder for injection USP also was used without further 
treatment. 


Apparatus-The high-pressure liquid chromatographs was equipped 
with a fixed wavelength (254 nm) detector, a recorder6, and an inte- 
grator7. 


Column-The nonpolar prepacked columnR consisted of a mono- 
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Figure 1-Sample chromatograms. Key: peaks 1-4 in A ,  prednisone, 
prednisolone. methylpredniso/one succinate sodium, and hydrocorti- 
.sane acetate, respectiuely; and peak 1 in R-D. prednisone in a standard 
solution, in 50% glycerin (92daq. old), and in,50I sugar (92 day old), 
respectiuely. For chromatographic conditions, see text. 


The Upjohn Co., Kalamazoo, Mich. 


Waters ALC 20'2 equipped with U6K universal injector. 


Autolah Minigratur. Spectra-Physics, Santa Clara. Calif. 
Waters pBondapak/C,e. 


.j I'remo Pharmaceutical Laboratories, South Hackensack, N.J. 
4 Merck & Co., Kahway, N.J.  


fi Omniscribe 5213-12 equipped with an integrator. 
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Table I-Assay Results and pH Values of Aqueous Solutions 


Active Percent Retained after pH (f0.05) 
Vehicle Ingredient 2 Days 30 Days 61 Days 92 Days Initial Final 


Water I 100.6 99.6 99.8 96.5 6.1 6.2 
Citrate buffer I 99.8 84.4 77.7 62.9 4.5 4.4 
50% Glycerin I 99.3 100.1 100.0 99.6 5.5 5.5 
50% Sorbitol I 98.9 99.5 99.5 99.0 5.4 5.3 
50% Sucrose I 100.4 99.3 93.9 93.3 6.0 6.0 
Water 
Citrate buffer 
50% Glycerin 
50% Sorbitol 
50% Sucrose 


11 
11 
I1 
I 1  
I1 


66.3" 
62.W 


81.6" 
100.6 


101.2 


- 
- 
99.4 


83.3" 
- 


- 6.0 - 
- 4.4 


99.7 5.5 5.7 
- 5.5 - 


69.3'.' 6.0 - 


- 


~~~ ~ 


Prednisone crystallized and, therefore, was not followed. b Done only to determine if I 1  had changed to I (see Pig. 1D and Discussion). 


molecular layer of octadecyltrichlorosilane permanently bonded to silica 
(30 cm and 4 mm i.d.). 


Chromatographic Conditions-The solvent was 0.01 M KHzP04 
in water containing 5090 (v/v) methanol. The temperature was ambient, 
the flow rate was 1.6 ml/min, and the chart speed was 30.5 c m h .  The 
attenuation unit for full-scale deflection was 0.04. 


Standard Solutions-The stock solution of each hormone was pre- 
pared by dissolving 100.0 mg of hormone in enough ethanol to make 100.0 
ml. The standard solutions were prepared by diluting 2.0 ml of the stock 
solution to 100.0 ml with water. For tablet analysis, the standard solution 
was prepared by diluting with ethanol. A standard solution containing 
the four hormones, I, 11, methylprednisolone succinate sodium, and hy- 
drocortisone acetate, also was prepared by diluting with water. 


Aqueous Solutions of I and 11-Five aqueous solutions each of I and 
I1 were prepared. The stock solutions of I and I1 were prepared by dis- 
solving 500.0 mg of drug in enough ethanol to make 100.0 ml. A 10.0-ml 
quantity of a stock solution was brought to volume (100.0 mi) either with 
water or with another appropriate solution, a 50% aqueous solution of 
glycerin (v/v), a 5w0 solution of sorbitol in water, a 50% solution of sucrose 
in water, or  citrate buffer USP (5). The citrate buffer pH was 4.4. All 
solutions contained 0.1% sodium benzoate as a preservative. 


Assay Solutions-A 2.0-1111 quantity of the aqueous solution was di- 
luted to 50.0 ml with water. 


Assay Solutions from Commercial Tablets-Ten tablets were 
weighed and ground to a fine powder. A quantity of the powder repre- 
senting 2.0 mg of the active ingredient was weighed accurately and 
transferred to a 150-ml beaker. Then 80 ml of ethanol was added, and the 
mixture was heated just to boiling. The mixture was cooled, brought to 
100.0 ml with ethanol, and filtered. The first 20 ml of the filtrate was 
rejected, and then samples were collected for analysis. 


After the initial assays using the method discussed below and the de- 
termination of pH values (after diluting 1:lO with water), the aqueous 
solutions of I and I1 were stored at  room temperature. After appropriate 
storage periods, the aqueous solutions were assayed again and pH values 
also were determined. 


Assay-Twenty microliters of' the assay solution was injected into the 
chromatograph using the descrihed conditions. For comparison, an 
identical volume of the standard solution was injected after the assay was 
eluted. 


Since preliminary investigations on each hormone indicated that Beer's 
law was followed in the 0.2-2.5-pg range, the results were calculated as 
lollows: 


6 X 100 = percent of label claim (Eq. 1) 
A, 


where A, is the peak area of the assay solution and A,, is the peak area 
of the standard solution (Figs. 1 and 2 and Tables I and 11). 


Table 11-Tablet Results 


Assay Results, 
'k of'claim 


Active Blue 
Ingredient ' H P I L  Tetrazolium 


Tablet per Tablet Color Method Method 


1 5 m g o f I  Yellow 100.5 295.3 
2 5 mg of I1 White 101.3 348.6 
3 5 mg of White 99.8 >386 


hydro- 
rnrtisnne 


For comparison, the commercial tablets were also assayed (Table 11) 
using the USP blue tetrazolium method (6). For this method, the same 
assay solution as already described was used. 


DISCUSSION 


The developed HPLC method separated I from I1 (Fig. 1A) efficiently. 
Other systems tried without success weres: ( a )  0.01 M KHzP04 in water 
containing 20% (v/v) methanol; ( b )  same as a with 290 (v/v) acetic acid 
(final pH 2.6); (c) same as b with 0.005 M heptanesulfonic acid sodium; 
( d )  0.01 M KH2P04 in water containing 20% (v/v) ethanol (pH 7.8 ad- 
justed with 1:lOO phosphoric acid in water); ( e )  0.005 M (NH&HP04 
in 2Wo (v/v) ethanol in water; (f) 0.005 M tetrabutylammonium hydroxide 
in 20% (v/v) ethanol in water (pH 7.8 adjusted with 1:100 phosphoric acid 
in water); and (g) 0.005 M (NH&HP04 in water containing 10% (v/v) 
methanol, acetonitrile, or a combination of both (5% each). 


The HPLC method separated I from its salt, methylprednisolone 
succinate sodium (Fig. 1A). It also separated hydrocortisone from hy- 
drocortisone acetate and from cortisone acetate. Hydrocortisone did not 
separate from I, and hydrocortisone acetate did not separate from corti- 
sone acetate. The common preservatives methylparaben, propylparaben, 
and sodium benzoate did not interfere with the determinations of I,  11, 
and hydrocortisone. The relative percent standard deviations based on 
five injections of the standard solutions were 0.64,0.84, and 1.8 for I, 11, 
and hydrocortisone, respectively. 


Due to the poor soluhility of 11, partial crystallization occurred in all 
of'the vehicles except 50% (v/v) glycerin. In glycerin, there was no I1 de- 
composition (Table I)  in 92 days. Chromatograms from a standard so- 


I I 


I 6 


MINUTES 


Figure 2-Sample chromatograms from prednisolone. Key: peak I in 
A-D,  prednisolone in a standard solution, in 50"; glycerin. in 5 O C ,  
sorbitol, and in 50"r, sucrose, respwtiuc~l.y; and R.  C, and I). 9.2-day-old 
samples. For chromatographic conditions, see text.  


9 Using Waters pBondapak/CN. 
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lution (Fig. 1B) and from a glycerin solution (Fig. 1C) were similar. In 
the presence of sugar, besides crystallization (Fig. lB), I1 may be partially 
reduced to I (Figs. 1B and 1D). 


Prednisolone did not crystallize in any vehicle investigated. I t  de- 
composed fast in the presence of citrate buffer. The percent retained after 
92 days was 62.9 (Table I). Some decomposition also was recorded in 
water and in 50% aqueous sucrose (Table I and Fig. 2D). Both 50% (v/v) 
glycerin in water and 50% aqueous sorbitol appear to be excellent I ve- 
hicles (Table I). The peak obtained from a I solution in sorbitol (Fig. 2C) 
compared better with the standard (Fig. 1A) than did the peak from a 
glycerin solution (Fig. 2B), which had a slight shoulder, perhaps a sign 
of slight decomposition. All solutions studied contained 10% (v/v) ethanol 
and 0.1% sodium bemoate. 


The developed method also was suitable for the quantitative deter- 
minations of I, 11, and hydrocortisone in commercial tablets (Table 11). 
The results obtained with the blue tetrazolium method were very high, 
presumably due to interference from some inactive ingredients. When 
the active ingredients were extracted with ethanol without heat, in- 


consistent and sometimes low results were obtained. Therefore, the 
mixture was heated to extract the active ingredient quantitatively. 
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Abstract  0 A fluorometric determination for chlorzoxazone was de- 
veloped based on the intrinsic drug fluorescence in chloroform using 
excitation and emission wavelengths of286 and 310 nm, respectively. A 
calihration curve for chlorzoxazone in chloroform gave a linear working 
range of0.027-2.3 pg/ml ( r  = 0.9999) with the minimum detectability 
a t  27 ng/ml. The procedure was applied to chlorzoxazone analysis in 
spiked plasma and urine samples. Minimum detectable drug levels in 
these samples were 60 and 130 ng/ml. respectively. Data revealed that 
chlorzoxazone could he determined in plasma and urine even in the 
presence of 20-fold molar excesses of its major metabolite, 6-hydroxy- 
chlorzoxaxone, and acetaminophen. ‘The method also was applicahle to 
chlorzoxazone analysis in a Commercial dosage form containing acet- 
aminophen. 


Keyphrases 0 Chlorzoxaaone-analysis, fluorometry, in commercial 
tablets and biological fluids, in presence of hydroxychlorzoxazone and 
acetaminophen Fluorometry-analysis, chlorzoxazone in commercial 
tablets and biological fluids, in presence of hydroxychlorzoxazone and 
acetaminophen Muscle relaxants-chlorzoxazone, fluorometric 
analysis in commercial tablets and biological Iluids, in presence of  hy- 
droxychlorzoxazone and acetaminophen 


Chlorzoxazone (I) is one of the most useful skeletal 
muscle relaxants in the treatment of painful muscle spasm, 
especially in combination with acetaminophen, a product 
that has been among the top 100 drug products in the 
United States in recent years. Studies of chlorzoxazone 
metabolism in humans have shown that its major metab- 
olite is 6-hydroxychlorzoxazone (11) (1, 2). The drug is 
rapidly absorbed from the GI tract and essentially disap- 
pears from the blood in 7-8 hr. Less than 1% of the intact 
drug is excreted in the urine. 


Among the analytical methods reported for I analysis 
have been spectrophotometry (l), titrimetry (3), and GLC 
and TLC (4-6). Direct application of many procedures to 
the determination of the drug in biological fluids is lacking. 
In other instances, parameters such as accuracy, linearity, 


sensitivity, and detection limit were not evaluated for the 
reported methodology. 


In this paper, the intrinsic fluorescence of I is presented 
as a suitable analytical technique for the determination 
of the drug in biological fluids. The method also is useful 
for analysis of I in tablets. The method described is sen- 
sitive for I in the nanogram per milliliter range and is free 
from interference from I1 and acetaminophen. A previous 
report examined the analysis of I using derivatization with 
various fluorogenic reagents (7). 


EXPERIMENTAL 


Apparatus-Fluorescence measurements were made with a spectro- 
photofluorometer’ equipped with a corrected spectra accessory. The 
following settings were used: excitation and emission slits, 10 nm; am- 
plifier sensitivity coarse, 0.1; and measurement mode in true emission. 
Clear fused quartz cells (12.5 X 45 mm) were used as sample cells lor  
dosage form analysis. Quartz microcells‘ (path length 5 mm) were used 
for the hiological fluid assays. 


Reagents and Chemicals-Chlorzoxazone:’, 6-hydroxychlorzoxa- 
zone:’, and acetaminophen4 were obtained as pure powders and were used 
without further purification in the preparation of stock solutions. All 
other reagents and chemicals were commercially available and were used 
iis received. 


Determination of Chlorzoxazone in Dosage Form-A tablet5 
containing 250 mg of chlorzoxazone and 300 mg of acelaminophen was 
suspended in 15 ml of distilled water contained in a 50-ml centrifuge tube. 
After 25 ml of ethyl acetate was added, the solution was mixed6 for 5 min. 
An aliquot of the ethyl acetate extract corresponding to 100 mg of 
chlorzoxazone was transferred to a 50-ml volumetric flask and diluted 
to volume with ethyl acetate. One milliliter ofthis solution was trans- 


Model MI’F-4, I’erkin-Elmer Curp., Norwalk. Conn. * Part No. 018-0056, Hitachi, Ltd.. Tokyo, Japan. 
McNeil Pharniaceuticals. Fort Washington, Pa. 
Eastman Organic Chemicals. Rochester. N.Y. 
Parafon-Forte, McNeil I’harmaceuticals, Fort Washington. Pa. 
Vortex-Genie mixer, Scientific Industries. Bohemia, N.Y. 
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REVIEWS 


Methods in Pharmacology, Vol. 4R, Renal Pharmacology. Edited 
by MANUEL MARTINEZ-MAI.I)ONADO. Plenum, 2'27 W. t7th St., 
New York, NY 1001 1. 1978. 403 pp. 15 X 25 cm. Price $39.50. 
This volume aptly fills a gap in the literature. Although the honk was 


apparently intended for researchers in this area, each topic is treated such 
that even pharmacologists and physiologists not active in renal research 
can gain a hetter understanding [if' and appreciation for the technology 
discussed. In addition to the clear treatment of each topic, all chapters 
are well referenced. This hook should tie made available to all students 
of pharmacology, physiology, and medicine. 


The  first chapter deals with morphological methods for studying the 
kidney, including fixation methods, light microscopy, and EM proce- 
dures. The second and third chapters deal with renal dynamics. including 
clearance methods and intrarenal hlood flow measurements. Chapter 4 
deals with micropuncture techniques, while the t'ifth chapter is concerned 
with microanalytical methods l o r  nnalyzing samples ohtained hy the 
methods discussed in the previous chapter. 


In Chapter 6, methods measuring glomerular dynamics are descrihed, 
and mathematical models of glomeriilar ultrafiltration are discussed. 


Chapters 7 and 8 provide detailed descriptions of the apparatus used 
in microelectrode studies; Chapter 7 has to do with electrical potential 
measurement, and Chapter 8 concerns pH measurement. Chapter Y is 
especially interesting, providing methods for dissection and perfusion 
of isolated tuhules. 


Chapters 10-12 deal with renal biochemistry: Na--K-ATl'ase, ade- 
nylate cyclase, and intermediary metahdism. The last three chapters 
describe the methodology used in studying isolated perfused kidney in 
the dog (in vitro and in uico) and the rat ( in ci tro) .  


The effectiveness of the hook wciuld have heen greatly enhanced hy 
including with each chapter R h i e (  description of several experiments 
using the methods descrihed. Including examplary experimental drug 
application protocols and some typical data ohtained hy the methods 
would have provided the pharmacologist reader with a much clearer 
understanding of' how the method might he applied. 


In addition, it would probahly he helpl'ul lbr many readers if the names 
and addresses of manufacturers of critical equipment and supplies had 
heen provided with each chapter. 


1 have personally experienced a need for such inlormation in my pre- 
vious experience with other volumes of Mvl/iocfs in Pharmacology. 


These two shortcomings are the only major problems I see in this vol- 
ume, and I view it generally as a very inlormative and iiseful contrihution 
10 the scientific literature. 


Rcwieicwd by W. M. Bourn 
( 'o/ /ege of /'harrnac,) cind 


tloaltli .S(~ic~ni.r~s 
Nort heast /.riui.siann 1 inrwrsi t>~ 
Monrnc?. 1.11 71209 


Cocaine: 1977 National Ins t i tu te  on D r u g  Abuse (Research Mono- 
graph Series 13). Edited by H. C. PETERSON and R. C. S'I'II.IAlAN. 
Superintendent of Documents, US. Government Printing Office, 
Washington, DC 20402. Price $3 (paper cover). 
The  National Institute on Drug Abuse (NIDA) has heen publishing 


monographs on specific substances of ahuse. The  monograph on cocaine 
lollows a pattern similar to earlier monographs. There are 10 chapters 
hy 1 3  authors with 350 references dating from 1884 to 1977. There is an 
adequate author and subject index. 


The information in the hook could be classified according to history, 
pharmacology and toxicology, abuse, use, behavioral aspects, and legal 
aspects. 


This hook and the others in the series are useful to anyone involved 
in the area of substance abuse. Their rather low price makes the entire 
series inviting. 


Reuieu~ed by Charles I,. Winek 
Schuol O f  Pharmucy 
Duyuesno Universi ty  
Pittsburgh. PA 15219 


NOTICES 
Disposition I J f  Toxic Drugs and Chemicals in Man.  Vol. I .  CcJntmlly- 


Acting Drugs. Hy RANDAL], C. BASELT. Biomedical Publications, 
P.0. Box 368, Canton, CT  06019. 1978. 306 pp. 15 X 23 cm. Price 
$22.50. 


f fandbook of Experimental Pharmacology, Vol. 51. [Fric Acid. Hy 
WIL1,IAM N. KEI,I,EY and IHWIN M. WEINER. Springer-Verlag 
New York Inc., 175 Fifth Ave., New York, NY 10010. 19'78.639 pp. 16 
X 24 cm. Price $159.50 


/ A R C  MiJn0gmph.s on thi. Eualuation o f  the Carcinogenic Risk  O /  


('hcmicals lo Humans. Some N-Nitroso Compounds. (Vol. 1 7 ) .  I n -  
ternational Agency for Research on Cancer, distributed by World 
Health Organization. 1978. 165 pp. 17 X 24 cm. Price $25.00; 50 f'r. 


IAK(' Monngraphs on the Eiinluatimn of the Carcinogenic Risk of 
('hc~micals t o  Humans. Vol. 18. Polychlorinated Hiphcnyls and 
/'olybrorninated RiphcJnyls. International Agency for Kesearch on 
Cancer, distributed by World Health Organization. 1978. 140 pp. 18 
X 24 cm. Price 20 t'r. 


7'hc !ntc*rnolionczl ('hallengv of Drug Ahusc.: N I D A  Research Mono-  
graph 1.9. By IIOHER'I' C. I'ETERSEN. National Institute on Drug 
Ahuse, Division of  Research, 5600 Fishers Lane. Rockville, MD 20857. 
1978. 349 pp. I4 X 23 cm. 


Mt,lhods in ('anccr Resc.arch, VOl. X VII .  (.'ancvr Drug Dt~LdrJpmcnt, 
I'nrt H .  Edited hy VINCENT T. DeVI'I'A, dr., and HARRIS BIISCH. 
Academic, I 1  1 Fifth Ave., New York, NY 10003. 1979. 3.56 pp. I5 X 23 
cm. Price $37.00. 
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Microbial Transformations and I3C-NMR 
Analysis of Colchicine 
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Abstract Several microorganisms were screened for their ability to  
biotransform colchicine, and two were selected for preparative scale 
fermentations. Streptomyces spectabilis and Streptomyces griseus both 
produced 02-demethylcolchicine and 03-demethylcol~hicine but in 
different amounts. The 13C-NMR assignments of colchicine, OlO-de- 
methylcolchicine, and trimethylcolchicinic acid are reported and were 
used to help identify the structures of the metabolites. 


Keyphrases Colchicine-microbial transformations, 13C-NMR 
spectra, metabolites Suppressant (gout)-colchicine, microbial 
transformations, NMR spectra, metabolites 0 Streptomyces spectabi- 
[is-colchicine metabolism 0 Streptomyces griseus-colchicine me- 
tabolism 


Colchicine (I) is one of the oldest drugs used in the 
treatment of gout. It has no equal for the relief of pain from 
acute gouty arthritis (1). In spite of the large amount of 
information available concerning the pharmacology of I, 
its metabolism and mechanism of action in humans are still 
unknown. 


Several reports (1-3) suggested that a metabolite(s) is 
(are) the biologically active form of the drug. The only 
report of a study of human metabolism of I in gout patients 
suggested that a major portion of I is deacetylated, but 
whether deacetylcolchicine is a human metabolite has not 
been established (4). With the modified Undenfriend 
system, a redox system similar in many respects to liver 
microsomes, I was converted to 02-demethylcolchicine (II), 
03-demethylcolchicine (111), Olo-demethylcolchicine 
(colchiceine, IV), and a rearranged tropolone ring deriva- 
tive given the trivial name colchinal(5). The 02-, 03-, and 
Ol0-demethy1colchicines also were reported as metabolic 
products of I using mammalian liver microsomes (6). 


While the production and isolation of quantities of drug 
metabolites from animals or animal tissue homogenates 
or from conventional synthesis or modification may be 
extremely difficult, microorganisms possess adaptive en- 
zymes which often can be raised to high levels under suit- 
able culture conditions to produce desired metabolic 
products. The application of this technique in the bio- 
transformation of numerous classes of compounds has 


I: R ,  = R, = R, = R, = OCH, 
11: R ,  = R, = R, = OCH,, R, = OH 


111: R, = R, = R, = OCH,, R, = OH 
IV: R ,  = R, = R, = OCH,, R, = OH 
VI: R, = R, = R, = OCH,, R ,  = OH 


been successful, as shown by the appearance of three major 
“compendia” (7-9). Three reviews (10-12) indicated that 
microbial systems also can be used to study mammalian 
metabolism. This paper reports on the I3C-NMR assign- 
ments for I and on the isolation and identification, using 
W - N M R  spectroscopy, of two microbial metabolites of 
I. 


RESULTS AND DISCUSSION 


The use of 13C-NMR spectroscopy has become almost routine in 
structural elucidation studies of natural products as well as of other drugs. 
13C-NMR spectroscopy also is particularly well suited for microbial 
transformation studies since the starting materials are usually available 
in large quantities, thus allowing detailed studies of 13C-NMR properties. 
A comparison of the W-NMR data of metabolites and starting material 
will allow ready formulation of the structures of the metabolites. 


There are two published 13C-NMR spectra of colchicine (I). The bio- 
synthesis of I was studied using 13C-NMR data, but complete assignments 
were not made (13). In another report (14), the complete assignments for 
I were made using model compounds. Close examination of some of these 
spectral assignnients (14) suggested that some assignments may be in 
error, and this situation prompted a more detailed study of the carbon 
assignments. 


The assignments of C-la, C-4, C-7, C-8, C-9, C-10, C-11, C-12, C-13, 
and C-14 (Table I) were made from known chemical shift theory, addi- 
tivity principles, and model compounds (15-17) as well as from single- 
frequency off-resonance decoupling (SFORD) experiments and are in 
agreement with those reported (14). The signals for C-4, C-8, C-11, and 
C- 12 were confirmed by selective single-frequency proton-decoupling 
experiments’. The other carbon assignments listed in Table I for I differ 
from those reported previously (14), and evidence is presented here to 
establish their correctness. 


There are four methoxyl carbon signals a t  61.5,61.3, 56.6, and 56.3 
ppm2. When methoxyl groups have di-ortho substituents, the chemical 
shift of these carbon signals appears a t  a lower field (60-63 ppm) than 
methoxyl groups that have none or only one ortho substituent (55-57 
ppm) (19-23). Thus, the methoxyl groups at  C-10 and C-3 can be assigned 
to the signals a t  56.3 and/or 56.5 ppm, and those at  C-1 and C-2 can be 
assigned to the siknals a t  61.3 and/or 61.5 ppm. 


The two signals a t  30.1 (t) and 36.6 (t) ppm are readily assigned to ei- 
ther C-5 or C-6. The most downfield signal was previously assigned to 
C-5 (13,14). The assignments for C-5 and C-6 were made by using indan 
as a model (14). However, a better model for comparison would be 1- 
aminoindan whose 13C-NMR data (17) show that C-2 is much farther 
downfield than the benzylic carbon ((2-31, illustrating the deshielding 
effect of an amino group at  C-2 (0 effect) and shielding at C-3 (y effect). 
A similar relationship as exists in 1-aminoindan exists in I, and thus the 
amide would be expected to deshield C-6 relative to C-5. Thus, the as- 


indan 1 -aminoindan 


1 The protons H-4, H-8, H-11, and.H-12 were assigned in the ‘H-NMR spectrum 
of I(l8). 


The authors of Ref. 14 reported only one signal at 61.3 and three signals at 56.1, 
56.4, and 56.4. The authors of Ref. 13 reported two at 61.2 and 61.0 and two at 55.8 
and 56.1, which are in close agreement with the signals listed in Table I. 
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Table I-I3C-NMR Data for I-Va 


Assignment * I I1 I11 IVC Vd V*HCl' 


c-1 
c -2  
c -3  
c-4 
c -5  
C-6 
c-7 
C-8 
c-9 
c-10 
c-11 
c-12 
C-13 
C-14 
C-la 
C-4a 
C-7a 
C-12a . . ~ _  


C-lOCH3 
C-ZOCH3 
C-30CH3 
C-lOOCH? 


~~ 


153.8 s1 
142.2 s 
151.4 s1 
107.9 d 
30.1 t 
36.6 t 
52.8 d 


130.7 d 
179.6 s 
164.3 s 
113.1 d 
134.5 d 
170.0 s 
22.7 q 


126.0 s 
134.4 s 
152.6 s 
137.2 s 
61.3 q2 
61.5 q2 
56.3 q3 
56.5 a3 


147.8 s1 
138.1 s 
145.0 s1 
107.0 d 
29.8 t 
36.9 t 
52.8 d 


130.7 d 
179.7 s 
164.3 s 
112.8 d 
135.1 d 
170.0 s 
22.9 q 


125.1 s 
129.9 s 
152.2 s 
136.9 s 
61.3 q 


56.3 q2 
56.5 a2 


- 


150.3 sl 
139.3 s 
149.9 sl 
110.3 d 
29.7 t 
36.6 t 
52.8 d 


130.7 d 
179.7 s 
164.2 s 
112.9 d 
135.3 d 
170.2 s 
22.8 q 


125.1 s 
134.2 s 
152.5 s 
137.1 s 
61.3 q2 
61.5 q2 


56.4 a 
- 


153.9 s1 
141.8 s 
151.1 sl 
107.7 d 
29.9 t 
37.6 t 
52.9 d 


119.5 d 
170.1 s2 
170.2 s2 
122.5 d 
141.6 d 
170.5 s2 
22.8 q 


126.1 s 
134.6 s 
151.7 s 
136.5 s 
61.3 q3 
61.5 q3 
56.3 q - 


153.7 sl 
141.6 s 
153.3 sl 
107.3 d 
30.6 t 
41.8 t 
53.7 d 


118.6 d 
172.2 s2 
168.7 s2 
123.8 d 
141.6 d 


126.0 s 
135.7 s3 
150.6 s1 
135.6 s3 
61.1 q4 
60.9 q4 
56.2 q 


- 
- 


- 


155.2 s1 
141.6 s2 
150.7 sl 
108.2 d 
29.6 t 
37.0 t 
54.7 d 


124.8 d3 
168.9 s4 
168.3 s4 
126.7 d3 
144.7 d3 


124.0 s 
134.3 s 
148.7 sl 
141.5 s2 
61.7 q5 
61.2 q6 
56.3 q 


- 
- 


- 
~- 


0 Run in deuterochloroform. Assi ments are based on predicted chemical shifts, comparisons with literature data, single-fr uency off-resonance decoupling, selective 
proton-decoupling, and roton-cou E d  data. Assignments bearing the same numerical su erscript in any one spectrum m a a e  reversed. c Selective single-frequency 
proton-decoupling was &ne to conlrm C-8, C-11, and C-12. However, since the H-11 and k-12 proton assignments are not unambiguously known (Ref. 18. p. 421), the 
C- 11 and C-12 si nals could be reversed, but the ones listed are preferred since it is unlikely that C-11 would change 28.5 p m downfield (I - IV) and C-12 would change 
12.9 ppm upfielf(1- IV), a8 would be the case if the signals were reversed. The assignments of the 151.7-ppm signal to 8-7a and the 141.8-ppm signal to C-2 followed 
from selective single-frequency proton-decoupling experiments at low decoupling power (irradiation at 6~3.9) .  The proton-cou led spectrum was also recorded, and 
the multiplicities of the signals for C-4a and C-12a were the same as in I. d The assignments listed for V are based on analo y to I f  and off-resonance experiments only. 


A few drops of methanol-& were added to increase solubility. Significant shifts have occurred between the amine (V) and itsiydrochloride, making assignments somewhat 
ambiguous without selective single-frequency proton-decoupling and proton-coupled data, which were not obtained. 


signments of the signal at 36.6 ppm to C-6 and at  30.1 ppm to C-5 in I 
would seem more appropriate. 


The correctness of these assignments was established by several ad- 
ditional observations. To evaluate the effect of an amine versus an amide, 
the 13C-NMR spectrum of trimethylcolchicinic acid (V) was obtained. 
It showed the triplet signals (off resonance) a t  30.6 (C-5) and 41.8 (C-6) 
ppm. This downfield shift of about 5 ppm for C-6 is comparable to that 
observed in cycl~hexylamine~ uersus N-acetylcyclohexylamine. It also 
has been reported that the C-2 carbon in cyclohexylamine shifts to a 
higher field (7.1 ppm) in the hydrochloride salt while the C-3 carbon shifts 
upfield by only 1.5 ppm4. Similarly, the hydrochloride salt of tri- 
methylcolchicinic acid (VSHCl) was prepared and showed upfield shifts 
of 1.0 ppm for C-5 (29.6 ppm) and 4.8 ppm for C-6 (37.0 ppm). 


The remaining unassigned signals in I (C-1, C-2, C-3, C-4a, C-7a, and 
C-12a) were assigned by interpretation of the proton-coupled 'W-NMR 
spectral data and selective single-frequency proton-decoupling experi- 
ments. The use of long-range '3C-H coupling is becoming increasingly 
important in making unambiguous carbon assignments, particularly for 
quaternary carbons in aromatic compounds; a number of empirical ob- 
servations have become evident. Three-bond coupling constants (3JC.H) 
are always larger (4-10 Hz) than two- or four-bond coupling constants 
(usually <4 Hz) (24-26). 


The proton-coupled spectrum of I showed the signal at 137.2 ppm as 
a hroad triplet f 3 J c . ~  = 8 Hz) and was assigned to C-12a since there are 
apparently two equal three-bond couplings (H-8 and H-11). The signal 
a t  142.2 ppm was complex and was assigned to C-2 on the basis that C-2 
would be expected to be either a pentet (equal coupling constants to H-4 
and OCH3) or an overlapping doublet of quartets (unequal coupling 


169.6 


NH, I 
NHCOCH., 


25.9 25.7 


cyclohexylamine N-acetylcyclohexylamine 


The assignments for cyclohexylamine wire reported on p. 153 of Ref. 16. The 
chemical shift values reported (on the structure) are those obtained on the instru- 
ment used in the resent study. 


See p. 153 of ief .  16. 


constants to H-4 and OCH3). The 134.4-ppm signal was a broad singlet 
and was assigned to C-4a. 


The correctness of these assignments, as well as the assignments for 
C- 1, C-3, and C-7a, was confirmed by carrying out a selective single-fre- 
quency proton-decoupling experiment6. Irradiation at  6H3.9 (OCH3) 
showed the 142.2-ppm signal (C-2) as a doublet (three-bond coupling to 
H-4) and the 153.8- and 151.4-ppm signals (C-1 and/or C-3) as sharp 
singlets. The signal at 152.6 ppm appeared as a doublet and was assigned 
to C-7a6 (three-bond coupling to H-12). The other signals (134.5 and 
137.2) were unchanged. Irradiation at  687.6 (C=CH) showed the signal 
a t  137.2 ppm as a singlet, clearly identifying it as C-12a; the signals a t  
142.2 (C-2) and 134.4 (C-4a) were essentially the same as in the proton- 
coupled spectrum. 


Finally, irradiation at  682.5 (-CH+X-Z2-) showed a sharp singlet 
for the 134.4-ppm signal while the 142.2 and 137.2 signals remained the 
same as in the proton-coupled spectrum. This sharpening results from 
eliminating the two-bond coupling of C-4a to the protons at C-5. Also, 
in this last experiment, the C-la (126.0) signal appeared as a double 
doublet' (unequal three-bond coupling to H-4 and H-12). These exper- 
iments provided evidence that the assignments listed in Table I for C-1, 
C-2, C-3, C-4a, C-7a, and C-12a are correct. Thus, the complete assign- 
ments of the carbon signals in the 13C-NMR spectrum of I have been 
made. 


After preliminary screening of I for biotransformation products using 
several microorganisms in different media (Table 111, only Streptomyces 
spectabilis (ATCC 27465) and Streptomyces griseus (ATCC 13968) 
(both grown in medium 0) were capable of metabolizing I as indicated 
by TLC. The other microorganisms did not show any ability to metabolize 
I. Incubation of I with stirred cultures of S. spectobilk showed that two 
more polar metabolites were being produced. These metabolites were 
very difficult to separate. The separation was accomplished by prepar- 
ative TLC using 4% ethanol in chloroform on alumina impregnated with 
sodium hydroxide. With this procedure, both metabolites were obtained 
in pure form. 


The 13C-NMR spectra of the two metabolites (A and B) showed only 
three methoxyl carbon signals, immediately suggesting mono-0-de- 


This ex eriment was conducted at low decoupling power such that in addition 
to one-bonfcoupling, long-range 13C-H is also evident, although the splittings are 
no longer the true coupling constants (27). 


6 C-7a would be expected to be the most deshielded nonox genated carbon signd- 
in colchicine since it is the 0-carbon of an a,o-unsaturatedlcarbonyl system and 
also experiences the 0 effect of the amide group. The 152.6-ppm signal was masked 
in the proton-coupled spectrum by the 153.8- and 151.4-ppm signals. 


7 The 126.0-ppm signal was obscured in the proton-coupled spectra (C-8 doublet) 
and appeared as a broad unresolved signal upon irradiation at 6~3.9 and 8 ~ 7 . 6 .  
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R, 


V: R ,  = NH,, R, = OH 
VII: R ,  = NH,, R, = OCH, 


VIII: R ,  = =0, R, = OCH, 
methylated derivatives of I. O'O-Demethylcolchicine (colchiceine, IV), 
readily prepared by hydrolysis (0.1 N HCl) of I (28,29), was not one of 
the metabolites (TLC), which left three possibilities: 03-demethylcol- 
chicine (III), OZ-demethylcolchicine (II), and 0'-demethylcolchicines. 
The I3C-NMR data for Metabolite A showed one methoxyl signal a t  56.4 
pprn and two at  61.5 and 61.3 ppm. Since the methoxyl carbon signals 
resonating near 56 ppm in I have been assigned to C-3 and/or C-10 and 
since Metabolite A does not correspond to O1o-demethylcolchicine (IV), 
it must be 111. The other signals in the 'W-NMR spectrum of Metabolite 
A are also in agreement (Table I). The 'H-NMR spectrum of Metabolite 
A also was in agreement with that reported for 111 (5), and a direct com- 
parison with an authentic sample confirmed the identity of Metabolite 
A as 111. 


The 13C-NMR data for Metabolite B showed two methoxyl signals a t  
56.5 and 56.3 ppm (OCH3 at C-3 and/or C-10) and one a t  61.3 ppm, in- 
dicating that Metabolite B is either VI or 11. The 'H-NMR spectrum of 
Metabolite B showed a methoxyl group at 6H3.64. Since a methoxyl group 
appearing near 6 3.6 in I derivatives has been assigned to C-1 (18), this 
would eliminate VI. The 'H-NMR data were in agreement with those 
reported for I1 (51, and a direct comparison with an authentic sample 
confirmed the identity of Metabolite B as 11. 


The soil bacterium, Arthobacter colchooorum, metabolizes I to 7- 
deacetylcolchicine (VII) and 7-deacetamino-7-oxocolchicine (VIII) (30). 
One other report of the microbial metabolism of I using S. griseus has 
appeared, but the metabolite's structure was established only as a 
monodemethylated colchicine derivative (31,32). However, it has been 
reported that this metabolite is VI (30). On the other hand, another report 
(9) suggested that this metabolite is probably IV. 


When I was added to shaken cultures of S. griseus (ATCC 13968) using 
the fermentation conditions reported previously (32), two metabolites 
were observed. Subsequent preparative scale fermentations resulted in 
the isolation of mostly I1 and a small amount of 111. The overall yields 
using S. griseus were lower than with S. spectabilis. Furthermore, I1 was 
the major product with S. griseus whereas 111 was the major product with 
S. spectabilis. 


EXPERIMENTAL* 


Fermentation Procedures-Stock cultures of microorganisms were 
maintained on mycophil (BBL) agar (fungi) or Eugonagar (bacteria). 
Preliminary biotransformation studies were carried out on gyrotory 
shakers operating at 200 rpm (room temperature) in erlenmeyer flasks 


8 The 13C-NMR data for IV are also recorded in Table I and show marked dif- 
ferences to 1-111, particularly for those signals located in the tropolone ring (C-8, 
C-9, (2-10, C-11, and C-12). 


Melting points were determined on a Thomas-Hoover apparatus and are un- 
corrected. IR spectra were run in otassium bromide using a Beckman IR-33 
s ctrophotometer. 'H-NMR and. k - N M R  spectra were recorded in deutero- 
cEoroform on a Jeol-FX6O Fourier-transform NMR spectrometer with tetra- 
methylsilane as the internal standard. N-Acetylcyclohexylamine was prepared by 
acetylation of c clohexylamine. Colchicine USP was purchased from lnverni & Della 
Beffa, Milan, L l y .  Trimethylcolchicinic acid (V) was obtained commercially (K 
& K Laboratories-ICN) or was prepared by hydrolysis of I according to the pub- 
lished procedure (2% mp 15G158O [lit. (28.29) m 160-162O). The h drochloride 
salt was pte ared, mp 202-204O [lit. (29) mp 191" 010-Demethylcohicine (IV) 
cedures (29,30), m 175 177' [fit. (29) m 178-179O]. 


13C-NMR (15.03bHz)dat.a were recorid using a 4Ooo-H~ spectral width, a 45O 
pulse, 8K data oints, and a re tition rate of 10 aec. All proton resonances were 
decoupled by a !road band (1 kE) irradiation for proton noise-decoupled spectra. 
The single-frequency off-resonance experiments were conducted by centering the 
decoupling frequency 1100 Hz downfield from tetramethylsilane. The selective 
single-frequency proton-decoupled experiments were carried out by centering the 
decoupling frequency on the appropriate proton resonance and recording the spectra 
at several power settings. The proton-cou led spectra were recorded using the gated 
decouplinp mode (decoupler off during Sata acquisition) and 16K data points. 


(colchiceinerwas prepared by h drolysis (0.1 N H E 1) according to published pro- 


Table 11-Microorganisms and Media Used for  Screening of 
Colchicine 


Organism Medium 


Alternaria solani (11078) 
Arthrobacter simplex (6946) 
Arthrobacter sp. (19140) 
Arthrobacter sp. (21237) 
Aspergillus flavipes (1030) a 6 c 0  
Aspergillus flavipes (1 1013) a 6 e  8 
Aspergillus flavipes (16795) a 6 c  8 
Aspergillus flavus (9170) f f 6 c 0  
Aspergillus flavus (24741) a b c  8 
Aspergtllus niger (10548) a 6 t  8 
Aspergillus niger (11394) a d € $  
Aspergillus niger (16888) 6 €  
Aspergillus ochraceus (18500) a 6 c  8 
Aspegillus ochraceus (22947) a d €  0 
Aspergillus parasiticus (15517) a s €  0 
Reauoaria bussiana (13144) a 6 6  8 
Rotrytis allii (9435) a d € $  
Calonectria decora (14767) a 6 f  8 
Chaetomium cochloides (10195) a 6 c 0  
Cladosporium resinae (22712) f f b c 0  
Cladosporium resinae f. avelleneum (2271 1) a d €  0 
Cunninghamella blakesleeana (8688a) a h € $  
Cunninghamella echinulata (NRRL 3655) a 6 c  8 
Cunninghamella echinulata (9244) a 6 c 0  
Cunninghamella echinulata (11585a) a s € $  
Cunninghamella echinulata (11585b) a s €  0 
Cunninghamella elegans (9245) f f 6 c 0  
Curoularia lunata (13633) a 6 c  8 
Curvularia lunata (12017) a 6 c  0 
Cylindrocarpon radicicola (11011) f f 6  0 
Fomes pinicola (15341) a 6 c 0  
Fusartum javanicum (12575) a d z  0 
Fusarium oxysporum (7601) a s r e  
Fusarium oxysporum (26297) a 6 6  8 
Fusarium oxysporum f. sp. cepue (11711) a 6 c  0 
Fusarium oxysporum f. sp. gladioli (11137) a 6 c  0 
Fusarium oxysporum f. sp. tulipae (15652) f f 6 t 0  
Fusarium solani var. coeruleum (24389) a 6 t  8 
Mucor griseo-cyanus (1207) a 6 €  0 
Nocardia corallinia (19070) 8 
Nocardia corallinia (19071) 0 
Nocardia corallinia (19148) 0 
Nocardia minima (19050) 8 
Penicillium adametzi (10407) a 6  8 
Penicillium chrysogenum (9480) a 6  0 
Penicillium chrysogenum (10002) a 6  0 
Penicillium frequentans (10444) a 6  8 
Penicillium oxalicum (24784) a d  0 
Penicillium s inulosum (16348) a 6  0 


Rhizopus stolonifer (6227b) a 6  8 
Rhizopus stolonifer (15441) f f 6  0 
Septornyxa affinis (6737) a 6  8 
Streptomyces griseus (10137) a 6  8 
Streptomyces griseus (13968) a 6 0 0  
Streptomyces griseus (23337) 
Streptomyces purpurascens (21326) 
Streptomyces roseochromogenus (13400) 
Streptomyces sp. (15077) 


Whettelinia sclerotiorum (18015) 
Whetzelinia sclerotiorum (24156) 


Rhizopus arriizus (11145) a 6  0 


! g :  
! $ :  


Streptomyces spectabilis (27465) 61y 
Syncephalastrum racemosum (18192) a 6  


a 6  0 
a 6  8 


holding one-fifth their volume of medium. A two-stage fermentation 
procedure was utilized in which a sterile liquid culture medium was in- 
oculated with the surface growth from agar slants. These stage I cultures 
were incubated for 24 hr (200 rpm, room temperature). Two milliliters 
of the stage I culture broth was used as inoculum for stage I1 cultures. The 
substrate was added to 24-hr stage I1 cultures as a 10% ethanolic solution 
at a concentration of 0.1 mg/ml of stage I1 medium. 


Fermentation Medium a consisted of: dextrose, 20 g; yeast extract, 5 
g; peptone, 5 g; NaCl, 5 g; KzHP04,5 g; and HzO, 1000 ml. 


Fermentation Medium p consisted of: NH4NO3, 4 g; KH2P04, 1.5 g; 
NazHP04,1.5 g; MgS04,0.2 g; FeSOp7H20,0.05 g; MnSOCHzO, 0.002 
g; CaCI~H20,O.Ol g; yeast extract, 0.5 g; and H20, 1000 ml. 


Fermentation Medium y consisted of: KH2P04, 0.7 g; K2HP04, 0.7 
g; MgS04, 0.7 g; NHdN03, 1.0 g; NaCl, 0.005 g; FeS04.7Hz0, 0.002 g; 
ZnS04,0.002 g; MnS04-H20,0.001 g; glucose, 2 g; and H20,1000 ml. 
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Fermentation Medium 6 consisted of: dextrose, 20 g; yeast extract, 5 
g; soytone, 5 g; NaCI. 5 g; K2HP04, 5 g; and H20,lOOO ml. 


Fermentation Medium c consisted of dextrose, 30 g; KHzPO4,l.O g; 
KzHPO,, 2.0 g; soytone, 1O.Og; MgS04, 0.5 g; NaN03,2.0 g; FeS04, 0.02 
g; KCI, 0.5 g; and H20, 1OOO ml. 


Fermentation Medium 8 consisted of dextrose, 10 g; cornsteep liquor, 
10 g; soya flour, 10 g; dry malt extract, 5 g; CaC03,l g; NaCI, 5 g; and H20, 
1000 ml. 


Fermentation Sampling-The fermentations were sampled by 
withdrawing 5 ml of culture broth, adjusting to pH 7, and extracting with 
3 x 5 ml of chloroform. The chloroform layers were evaporated to dryness, 
and the residues obtained were redissolved in chloroform and spotted 
on precoated silica gel G TLC plates. The plates were developed in 8% 
methanol in benzene-ethyl acetate-diethylamine (5:4:1) and were visu- 
alized with UV light and by spraying with 10% HCI, heating for 1-2 min, 
and spraying with 5% FeC13 in 0.5 N HCI. 


Preparat ive Scale Biotransformation of Colchicine (I) Using S. 
spectabilh4. spectabilis was grown in 5 liters of Medium 8 contained 
in a 7.5-liter fermentor jarlo. After a 24-hr incubation, I (500 mg/5 ml of 
absolute ethanol) was added to the culture; the incubation (200-rpm stir 
rate, 2-literslmin air flow rate, room temperature) was continued for 14  
days. The culture was filtered through a buchner funnel, and the aqueous 
culture broth was adjusted to pH >12 with potassium hydroxide and 
extracted with 12 X 500 ml of chloroform. The combined chloroform 
layers were dried over sodium sulfate and evaporated in UQCUO (40’) to 
leave 632 mg of a yellow residue, shown by TLC [8% methanol in ben- 
zene-ethyl acetate-diethylamine (5:4:1), silica gel G ]  t o  consist mostly 
of I. 


The aqueous basic layer was adjusted to pH 4-5 with acetic acid and 
extracted with 12 X 500 ml of chloroform. The combined chloroform 
layers were dried over sodium sulfate and evaporated in uacuo (40’) to  
leave 104 mg of a yellow-brown oily residue. This residue was applied to 
two precoated alumina plates (1 mm), which had been sprayed with 5% 
aqueous NaOH and dried for 10 min a t  100’. Multiple development of 
the plate in 4% ethanol-chloroform (six times) separated the metabolites 
into two distinct bands (R, 0.65 and 0.58). 


The lower R/ band was located under UV light, scraped, and eluted 
with 20% methanol-chloroform to yield 39 mg of Metabolite A after 
solvent removal. This metabolite could not be induced to crystallize. The 
material (amorphous powder) was pure by TLC; I R  urnax (CHC13) 3260 
(broad), 3525, 3445, 2950, 1683, 1620, 1594, and 1555 cm-’; ‘H-NMR 
(CDC13): 8 1.98 (3H, s, NHCOCHd, 2.4 (4H, m, H-5,6), 3.64 (3H, s, C-1 
OCH3), 4.00 (6H, s, C-2, 10 OCHs), 4.58 ( lH,  m, H-7L6.58 ( lH ,  9, H-4). 
6.87 (1H, d, J = 11 Hz, H- l l ) ,  7.36 (1H, d, J = 11 Hz, H-12), 7.62 ( lH,s ,  
H-8). and 8.05 ( lH,  m, NHCOCH3) ppm. A direct comparison of Me- 
tabolite A with an authentic sample of 03-demethylcolchicine (111) 
showed that they had the same behavior on TLC (co-TLC), superim- 
posable IR spectra, and the same ‘H-NMR spectra. The 13C-NMR data 
for Metabolite A (111) are listed in Table I. 


Extraction of the higher R/ band (0.65) in the same manner gave 20 
mg of Metabolite B. Crystallization from chloroform-hexane afforded 
4 mg of B as yellow needles, mp 184-186’; IR: urns. (KBr) 3290 (broad), 
2950,1664,1618,1590, and 1550 cm-1; IH-NMR (CDCIj): 6 1.97 (3H, s. 
NHCOCHd, 2.4 (4H. m, H-5,6), 3.64 (3H, s, C-1 OCH3), 3.93 (3H, 9, 


OCHs), 4.02 (3H,s, OCHa), 4.16 ( lH,  m, H-7), 6.53 (1H.9, H-4),6.85 ( lH ,  


7.82 (1H, m, NHCOCH3) ppm. A direct comparison of Metabolite B with 
an authentic sample of 02-demethylcolchicine (11) showed no mixed 
melting-point depression, the same behavior on TLC (co-TLC), super- 
imposable IR spectra (KBr), and the same ’H-NMR spectra. The 13C- 
NMR data for Metabolite B (11) are listed in Table I. 


Preparative Scale Biotraneformation of 1 Using S. griseus-S. 
#riseus (ATCC 13968) was grown in 5.0 liter of Medium 8 contained in 
50 500-ml erlenmeyer flasks. After a 24-hr incubation, 500 mg of I was 
evenly distributed among the cultures; incubation was continued for 12 
days (300 rpm, 26’). The aqueous culture broth was adjusted to pH >12 
with 1.0 M NaOH and then extracted with chloroform. The chloroform 
extract was dried over sodium sulfate and then evaporated to leave a 
hrown oily residue (750 mg), which was shown by TLC to consist of 
starting material but not of metabolites. 


The aqueous basic layer was adjusted to  pH 5 with acetic acid and 
extracted with chloroform. The chloroform extract was dried over sodium 
d f a t e  and evaporated to give a yellow oily residue (85 mg), which was 
applied to an alumina plate (1.0 mm) impregnated with 5% NaOH and 


d, J = 11 Hz, H-ll) ,  7.37 (1H,d, J = 11 Hz, H-12), 7.59(1H, 9, H-B),md 


dried a t  100” for 10 min. The plate was developed (four times) in 4% 
ethanol-chloroform, and the higher R, band was located under UV light, 
scraped, and eluted with acetone to  give a yellow crystalline residue (38 
mg). Crystallization from chloroform-hexane afforded 26 mg of 11, mp 
185-187’, identical in all respects with authentic I1 [melting point, mixed 
melting point, TLC, co-TLC, ’H-NMR, and superimposable IR spectra 
(KBr)]. 


Extraction of the lower R, band in the same manner yielded 4 mg of 
111, which had the same mobility on TLC (co-TLC) as authentic 111. The  
‘H-NMR data clearly revealed two methoxyl signals a t  6 4.00 and one 
at d 3.64 and were essentially identical to  those of authentic 111. 
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Abstract 0 A specific high-pressure liquid chromatographic method 
for  the determination of chlorpheniramine and pseudoephedrine in urine 
was developed and applied in a urinary excretion study of normal healthy 
whjects who received a sustained-release dosage form containing 8 mg 
111 chlorpheniramine maleate and 120 mg of pseudoephedrine hydro- 
chloride. Five subjects received one dose on Day 1, followed by multiple 
dosing every 12 hr for 7 days without ammonium chloride administration. 
Pour subjects received one dose of the sustained-release dosage form 
together with ammonium chloride. Urine samples were collected during 
I he 1st day and at steady state. The method is specific and simultaneously 
determines chlorpheniramine, two metabolites (mono- and di- 
tlesmethylchlorpheniramine), pseudoephedrine, and norpseudoe- 
phedrine. The assay recovery was >97% (0.06-3 pg/ml) for chlor- 
pheniramine maleate and >98% (1.5-75 pg/ml) for pseudoephedrine 
hydrochloride. Excretion of chlorpheniramine and its two metabolites 
in urine was enhanced after ammonium chloride administration. A t  
steady state, a change in urine pH from 5.69 to 6.46 resulted in more than 
i i  25% decrease in chlorpheniramine and monodesmethylchlorphenira- 
mine excretion. In spite of expected changes in its biological half-life, the 
overall amount of unchanged pseudoephedrine excreted in urine was not 
;ill'ected by urine pH, presumahly because it is primarily excreted in urine 
iih intact drug. 


Keyphrases 0 Chlorpheniramine-urinary excretion, humans, high- 
pressure liquid chromatographic analysis Chlorpheniramine metab- 
olites-urinary excretion, humans, high-pressure liquid chromatographic 
analysis Pseudoephedrine-urinary eltcretion, humans, high-pressure 
liquid chromatographic analysis 0 Nasal decongestants-chlorphenir- 
amine and pseudoephedrine, urinary excretion, humans 0 High-pressure 
liquid chromatography-analysis, chlorpheniramine and pseudo- 
ephedrine in human urine 


Chlorpheniramine and pseudoephedrine, two weak basic 
drugs, are often used together for treatment of nasal con- 
gestion. The extent and rate of urinary excretion of the 
unchanged drugs are pH and urine flow dependent (1-3). 
Chlorpheniramine is extensively metabolized uia N -  de- 
alkylation and excreted as both mono- and didesmethyl 
compounds (1,4-6), and it is expected that the excretion 
of these metabolites in urine is also urine pH dependent. 
Pseudoephedrine is primarily excreted unchanged in urine 
(7). 


A GLC method was reported for the determination of 
chlorpheniramine in urine (2). Similarly, methods utilizing 
GLC (8,9) or a radiolabeled technique (3) were reported 
for the determination of pseudoephedrine in urine. The 
purposes of this investigation were: (a )  to develop a simple, 
specific, high-pressure liquid chromatographic (HPLC) 
method for the simultaneous determination of chlor- 
pheniramine, its demethylated metabolites, and pseudo- 
ephedrine and ( b )  to apply this method in studying the 


urinary excretion of these drugs and their metabolites in 
humans. 


EXPERIMENTAL 


Protocol-Nine healthy, nonobese, male subjects participated. They 
did not receive any drugs, including enzyme-inducing agents and 
monoamine oxidase inhibitors, 1 month before and during the study. 
Caffeine-containing and alcoholic beverages also were withheld during 
the entire study. 


Five of the subjects received one sustained-release capsule' containing 
8 mg of chlorpheniramine maleate and 120 mg of pseudoephedrine hy- 
drochloride on Day 1, after an overnight fast, followed by an additional 
4-hr fasting period. Thereafter, the subjects received one capsule every 
12 hr for 6 days (Days 2-7) and then one capsule on Day 8. Cumulative 
urine samples were collected during the 0-24-hr period and at the steady 
state during the 156-168- and 168-180-hr periods. 


The other four subjects received one single capsule with and without 
ammonium chloride treatment according to a double crossover design. 
A washout period of 1 week was allowed between treatments. The capsule 
was always taken after an overnight fast and followed by 4 hr of fasting. 
One day before and throughout the study period (-68 hr), two enteric 
coated ammonium chloride tablets2 (500 mg each) were administered 
every 2 hr. The first dose taken before retiring and that given on arising 
always consisted of four tablets (2 g). When a subject's urinary pH was 
>5.3, one additional ammonium chloride tablet was administered after 
the urinary pH measurement. If the urinary pH was <4.9, the next 
scheduled dose was omitted. An attempt was made to control the urine 
flow by frequent oral administration of liquids throughout the study 
periods. Urine samples were collected from -1 to 0 hr, i.e., just before 
the drug was administered, and a t  frequent intervals up to 48 hr. 


During the entire investigation, standard meals were given to all 
subjects. Urine pH was determined at  room temperature, and the volume 
of each urine sample was measured in a graduated cylinder. An aliquot 
of 30 ml of the thoroughly mixed sample was withdrawn and stored at  
-15" until assayed. 


Assay-Chlorpheniramine and pseudoephedrine concentrations were 
determined according to the following methods. 


Method I-Two-milliliter samples of urine or standard solution con- 
taining 0.06-3 pg of chlorpheniramine maleate3/ml and 1.5-75 pg of 
pseudoephedrine hydrochloride4/ml were taken for assay. To the samples 
were added 0.5 ml of 5% KOH solution and 5 ml of an extraction solvent 
consisting of hexane-methylene chloride (6040). The samples were 
shaken for 30 min and centrifuged. Four milliliters of the solvent was 
pipetted into a vial containing 0.5 ml of chlorpromazine hydrochloride5, 
1 pg/ml in methanol. The mixture was evaporated under nitrogen. The 
residue was dissolved in 50 pl of methanol from which 20 pl  was removed 
for injection. 


Method 11-Two-milliliter samples of urine or standard solution 


Arnar-Stone Laboratories, McCaw Park, Ill. * Eli Lilly & Co., Indianapolis, Ind. 
E. M. Labs, Elmsford, N.Y. 


4 A. G. Knoll, Whippany, N.J. 
5 H. Reisman Corp., Orange, N.J. 
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Abstract 0 Reproducible growth rates of Pseudomonas cepacia were 
obtained. P. cepacia had a markedly different resistance pattern to single 
and combined antibacterials from that characteristic of Pseudomonas 
aeruginosa. Benzalkonium and chlorhexidine were more active against 
log phase P. cepacia than against log phase P. aeruginosa, but polymyxin 
B sulfate was inactive against log phase P. cepacia a t  all concentrations 
tested (516  units/ml). Antagonism of antibacterial activity between 
edetate disodium-benzalkonium and edetate disodium-chlorhexidine 
combinations was marked with 16-hr P. cepacia and with 16-hr Staph- 
ylococcus aureus. Phenylethanol-benzalkonium and phenylethanol- 
chlorhexidine combinations had no more than additive activity against 
log phase P. cepacia. These results have relevance to hospital disinfection 
and preservation of pharmaceutical solutions. 


Keyphrases 0 Pseudomonas cepacia-resistance to antibacterial 
agents, benzalkonium chloride, chlorhexidine, phenylethanol 0 Anti- 
bacterial agents-Pseudornonas cepacia, resistance to benzalkonium 
chloride, chlorhexidine, phenylethanol 


Pseudomonas cepacia is one of a number of unusual 
Pseudomonas species that have increased in clinical sig- 
nificance since the 1960’s (1). 


In 1950 (2), Burkholder described P. cepacia. Subse- 
quently, other workers described the same species but did 
not recognize it as P. cepacia (3-6). The designations 
“eugonic oxidisers group 1” (EO-1) (41, Pseudomonas 
kingii (5), and Pseudomonas multivorans (6) were given 
before it was established that all were P. cepacia (7,8). 


Soil, vegetation, and water are natural environmental 
sources (2,3,6,9), but the hospital environment also has 
proved to be a source of P. cepacia; several clinical infec- 
tions have occurred (10-14). The infecting organism has 
been shown to survive common concentrations of chlor- 
hexidine (1 1, 15), a cetrimide-chlorhexidine combination 
(12), benzalkonium chloride (13), and a dimethylbenz- 
ylammonium chloride-phenoxypolyethoxyethanol com- 
bination (14, 16). 


P. cepacia is resistant also to a wide range of antibiotics, 
and its antibiotic-resistance spectrum is different from 
that of Pseudomonas aeruginosa (1,17). 


Table I-Doubling Times of Replicate Log Phase P. cepacia 
Cultures 


Culture Mean Doubling Time, min 95% Confidence Limits 


A 
B 
C 
D 
E 
F 


34.5 
34.3 
34.7 
34.3 
34.4 
35.4 


33.6-35.6 
33.0-35.7 
33.3-36.1 
33.1-35.6 
33.1-35.8 
34.3-36.5 


Table 11-Effect of Benzalkonium Chloride on the Doubling 
Times of Log Phase P. cepacia Cultures 


Table 111-Effect of Chlorhexidine Gluconate on the  Doubling 
Times of Log Phase P. cepacia Cultures 


Chlorhexidine, 
pglml Mean Doubling Time, min 95% Confidence Limits 


None 36.4 35.3-37.6 
1 54.8 47.2-65.4 
2 81.5 62.2-103.6 


Table IV-Effect of Polymyxin B Sulfate on the Doubling Time 
of Log Phase P. cepacia Cultures 


Polymyxin, 
unitdm1 Mean Doubling Time, min 95% Confidence Limits 


None 
1 
2 
4 
8 


16 


34.3 
33.8 
34.4 
34.5 
34.8 
35.6 


33.4-35.3 
32.3-35.4 
33.2-35.9 
33.3-35.7 
33.8-35.9 
34.2-37.2 


The present investigation was undertaken to evaluate 
the resistance of P. cepacia to chemical antibacterials in- 
cluding combinations previously shown to be active against 
P. aeruginosa (18-23). 


EXPERIMENTAL 


Materials-P. cepacia and Staphylococcus aureus2 were the test 
organisms. Nutrient broth No. 23 and nutrient agar3 were the liquid and 
solid culture media, respectively. Chlorhexidine gluconate4, benzalko- 
nium chloride5 (alkyldimethylbenzylammonium chloride: C14,50%; (212, 
40%; and CIS, lo%), polymyxin B sulfate6, phenylethan~l~, and edetate 
disodium7 were used as supplied. 


Methods-Growth rate determinations and estimates of killing times 
of one or two chemical antibacterial systems were carried out. Viable 
counts were determined by the pour plate method, and cultures were 
maintained as described previously (24). Incubation was a t  37’. 


Estimation of Growth Rates-Log phase cultures were prepared as 
follows. A separate P. cepacia agar stab culture was used as the source 
of inoculum for each determination to prepare 10 ml of 24-hr broth cul- 
ture. A loopful of this culture was used to inoculate 25 ml of broth in a 
250-ml conical flask shaking a t  100 throwdmin. After 16 hr, this culture 
was diluted 1:50 with prewarmed broth and shaken at  150 throwdmin 
for 10 min to disperse clumps. Aliquots, 5 ml, were added separately to 
95-ml quantities of prewarmed broth in 250-ml conical flasks shaking 
at  100 throws/min. Growth was followed for each culture as was already 
described for P. aeruginosa (19). Typical growth rates (Table I) were 
calculated as described previously (25). 


The effect of chemicals on the growth rate was determined for single 
chemicals and for combinations as for P. aeruginosa (19,25). Tables 11-IV 
give the growth rates of P. cepacia grown in broth and in broth plus 
varying concentrations of benzalkonium chloride, chlorhexidine gluco- 
nate, or polymyxin B sulfate. Tables V and VI show the effect of a com- 
bination of benzalkonium chloride and phenylethanol and a combination 
of chlorhexidine gluconate and phenylethanol, respectively. 


Benzalkonium, 
pg/ml Mean Doubling Time, min 95% Confidence Limits 


NCTC 10661, National Collection of Type Cultures, Colindale, London, En- 


NCTC 6751, National Collection of Type Cultures, Colindale, London, En- 
gland. 


None 35.2 34.1-36.4 . 
1 41.1 39.6-42.7 
2 45.8 44.5-47.3 
4 70.0 62.5-79.5 


gland. 
Oxoid, 0 x 0  Ltd.. London, England. 
I.C.I., Alderly Park, Macclesfield, Cheshire, England. 
Rohm & Haas (UK) Ltd., Croydon, England. 
Burroughs and Wellcome Ltd., Dartford, England. 


7 B. D. H., Poole, Dorset, England. 
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Table V-Effect of a Combination of Benzalkonium Chloride 
and Phenylethanol against Log Phase P. cepacia Cultures 


Mean 95% 
Doubling Confidence 


Chemical Time, min Limits 


None 34.5 33.2-35.9 
Phenylethanol, 0.05% 57.6 54.1-61.4 


Phenylethanol, 0.05%, + benzalkonium 66.5 61.2-72.9 
Phenylethanol, 0.1% 107.8 96.8-121.6 


chloride,. 1 pg/ml 
Benzalkonium chloride, 1 pg/ml 
Benzalkonium chloride, 2 wdml 


48.4 45.6-51.5 
62.4 59.1-66.1 


Table VI-Effect of a Combination of Chlorhexidine Gluconate 
and Phenylethanol against Log Phase P. cepacia Cultures 


Mean 95% 
Doubling Confidence 


Chemical Time, min Limits 


None 35.6 34.6-36.8 
Phenylethanol, 0.05% 52.6 51.1-54.3 
Phenylethanol, 0.1% 112.6 102.3-125.2 
Phenylethanol, 0.05%, + chlorhexidine 72.7 70.5-75.1 


gluconate, 0.5 pg/ml 
Chlorhexidine gluconate, 0.5 pg/ml 44.9 43.0-46.9 
Chlorhexidine gluconate, 1.0 pg/ml 59.0 55.5-63.0 


Estimation of Killing Times-Determinations for P. cepacia and 
S. aureus were carried out separately as described previously (26) (Tables 
VII and VIII). 


RESULTS AND DISCUSSION 


Table I shows that the growth rates of replicate log phase cultures 
prepared as described gave reproducible results. Benzalkonium and 
chlorhexidine showed greater activity against exponentially growing 
cultures of P. cepacia than against log phase P. aeruginosa cultures 
(27). 


Phenylethanol plus either benzalkonium or chlorhexidine had an ad- 
ditive effect against log phase P. cepacia cultures (Tables V and VI), but 
a synergistic effect was demonstrated with these combinations against 
P. aeruginosa under similar conditions (18,20,25). 


Polymyxin B sulfate, 516 ynitslml, showed no activity against P. 
cepacia. This finding is in marked contrast to results obtained with P. 
aeruginosa, where 1 unit/ml reduced the growth rate (21). The growth 
rates of five P. cepacia cultures plus five graded concentrations of poly- 
myxin were indistinguishable from the growth rates in broth containing 
no added chemical (Table IV compared with Table I). 


Study of polysorbate 80 on the activity of benzalkonium and chlor- 
hexidine against log phase P. cepacia indicated that polysorbate 80 an- 
tagonized their antibacterial action6. This result also differs from that 
seen with P. aeruginosa, where synergism was observed (27). 


The killing time results (Tables VII and VIII) show a difference, with 
respect to edetate disodium resistance, between P. cepacia and P. 
aeruginosa. In fact, P. cepacia had similar resistance to S. aureus toward 
the edetate disodium combinations with benzalkonium or chlorhexidine. 
This finding has considerable application to the formulation of oph- 
thalmic solutions and contact lens solutions, which often contain edetate 
disodium-antibacterial agent combinations as the preservative system. 
Edetate disodium plus benzalkonium in ophthalmic solutions had in- 
creased activity against P. aeruginosa (28), but edetate disodium with 
either benzalkonium or chlorhexidine had less activity against P. cepacia 
and S. aureus than either benzalkonium or chlorhexidine solutions used 
singly. That is, edetate disodium antagonized the action of both chemicals 
against these two organisms. 


Phenylethanol plus henzalkonium or chlorhexidine had shorter killing 
times against 16-hr P. cepacia cultures a t  the concentrations tested than 
any of the chemicals alone. These results in conjunction with the P. 
cepacia growth rate results indicate that the kill of P. cepacia cells ob- 
tained with the phenylethanol plus either benzalkonium or chlorhexidine 
is likely the result of each chemical exerting its individual action inde- 
pendently of the second member of the combination. The overall effect 
appears to be additive. 


8 R. M. E. Richards and J. M. Richards, unpublished results. 


Table VII-Killing Times at 22O for  the Test Chemicals Singly 
and in Combination against -2 X lo6 Organisms (16-hr P. 
cepacia)/ml 


~~ ~ 


Chemical Concentration, % Killing Time, min 


Benzalkonium chloride 
Phenylethanol 
Edetate disodium 
Benzalkonium + 


phenylethanol 
Benzalkonium + 


edetate disodium 
Chlorhexidine gluconate 
Chlorhexidine gluconate + 


phenylethanol 
Chlorhexidine luconate + 


edetate disofium 


0.01 120-150 
0.4 >360 
0.1 >360 
0.01 60-90 
0.4 
0.01 >360 
0.1 
0.01 60-90 
0.01 <15 
0.4 
0.01 >360 
0.1 


Table VIII-Killing Times at 22' for the Test Chemicals Singly 
and in Combination against -2 X lo6 Organisms (16-hr S. 
a ureus ) /ml 


Chemical Concentration, % Killing Time, min 


Benzalkonium chloride 
Phen ylethanol 
Edetate disodium 
Benzalkonium + 


phenylethanol 
Benzalkonium chloride + 


edetate disodium 
Chlorhexidine gluconate 
Chlorhexidine gluconate + 


phenylethanol 
Chlorhexidine luconate + 


edetate disofium 


0.004 
0.4 
0.1 
0.004 
0.4 
0.004 
0.1 
0.004 
0.004 
0.4 
0.004 
0.1 


45-60 
>360 
>360 
45-60 


180-240 


120-150 
45-60 


>360 


The different resistance pattern of P. cepacia to P. aeruginosa is im- 
portant in the hospital situation where a breakdown in disinfectant 
procedure can have. serious consequences for the compromised pa- 
tient. 


The antagonism of benzalkonium and chlorhexidine by edetate diso- 
dium against S. aureus is probably most significant for chlorhexidine, 
which is less active against S. aureus than benzalkonium. 


Significant differences in the structure of the cell envelope of the two 
pseudomonads are implicated by the marked difference in sensitivity to 
polymyxin alone or to edetate disodium-benzalkonium, edetate diso- 
dium-chlorhexidine, phenylethanol-benzalkonium, or phenylethanol- 
chlorhexidine as combinations (29). 
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Abstract 0 Oily iodinated organic carbonates were investigated for use 
as myelographic media. The urinary excretion of total iodine was used 
to monitor the apparent elimination rate of these compounds from the 
subarachnoid space. Within the chain length series of CyC6, the decrease 
of elimination rates and disposition rate constants with increasing chain 
length was demonstrated. This observation is consistent with a dissolu- 
tion rate-limited elimination model. Such a model was derived and suc- 
cessfully NONLIN computer fitted to the observed elimination data. The 
model-derived parameter of clearance from the. cerebrospinal fluid 
through the lipid “blood-brain barrier” correlated well with the com- 
pound’s water solubilities and projected octanol-water partition coeffi- 
cients. Additional compounds need to be tested to evaluate the postulated 
model system. 


Keyphrases 0 Myelographic agents-oily iodinated organic carbonates, 
biological elimination Pharmacokinetics-myelographic agents, oily 
iodinated organic carbonates, biological elimination 0 Contrast 
media-oily iodinated organic carbonates, biological elimination 


Positive-contrast myelography is the X-ray visualization 
of the subarachnoid space using a radiopaque substance. 
It is used to evaluate trauma to the spinal column and to 
delineate tumors and other canal obstructions. The only 
approved myelographic agent in the United States is io- 
phendylate [ethyl 10-(p-iodophenyl)undecylatel] (I). 


Iophendylate has been used in the United States in 
several million examinations since the early 1940’s. It is 
considered to be very safe; however, i t  is removed at  the 
conclusion of the examination because its biological 
elimination has been reported to be 1 ml/year (1). Water- 
soluble contrast agents have been used in Europe for over 


CH ,CH(CH,),CO,CIHi 
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I 
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I Pantopaque. 


0 
II 


R,OCOR, 
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It, = -(CH2)-”, n = 0-4 


30 years, but they have not been approved for use in the 
United States due to their higher incidence of adverse re- 
actions. 


Drawbacks with the current agents necessitated a search 
for a readily absorbable, nontoxic, oily myelographic me- 
dium. Oily iodinated organic carbonates of the general 
Structure I1 (2) were investigated. To understand quan- 
titatively the biological elimination of these compounds, 
four representative carbonates were selected for study. 


R, =-CnHZn+, ,  n = 1-10 


EXPERIMENTAL 
The urinary excretion of total iodine was used to monitor the apparent 


elimination rate of the four carbonates from the subarachnoid space. In 
preliminary studies, the rate-limiting step for the overall elimination of 
compounds from the body appeared to be absorption from the sub- 
arachnoid space. 


In an additional study, a series of rats was sacrificed at  24,48, and 72 
hr and on Day 5 following suboccipital injection. Other than expected 
high brain tissue levels, the only detectable iodine concentrations were 
in trace amounts (-0.3 pmole/g) found in skin samples a t  24,48, and 72 
hr. Heart, kidney, liver, leg muscle, lung, and intestine samples on any 
of the 4 days and Day 5 skin samples all showed no detectable iodine. 
Consequently, the urinary excretion of the iodinated metabolites should 
reflect the relative absorption rates. For statistical purposes, each of the 
four compounds was tested in six rata. This method quantitatively con- 
firmed the radiographic disappearance observed in these animals. 


Thirty-six adult Sprague-Dawley female rats, 197-225 g, were divided 
into six equal groups. Each group was dosed with a different test com- 
pound. The purity of each test compound (Table I) was determined by 
GLC and NMR and agreed with analytically pure samples (-99% 
pure). 
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lution (Fig. 1B) and from a glycerin solution (Fig. 1C) were similar. In 
the presence of sugar, besides crystallization (Fig. lB), I1 may be partially 
reduced to I (Figs. 1B and 1D). 


Prednisolone did not crystallize in any vehicle investigated. I t  de- 
composed fast in the presence of citrate buffer. The percent retained after 
92 days was 62.9 (Table I). Some decomposition also was recorded in 
water and in 50% aqueous sucrose (Table I and Fig. 2D). Both 50% (v/v) 
glycerin in water and 50% aqueous sorbitol appear to be excellent I ve- 
hicles (Table I). The peak obtained from a I solution in sorbitol (Fig. 2C) 
compared better with the standard (Fig. 1A) than did the peak from a 
glycerin solution (Fig. 2B), which had a slight shoulder, perhaps a sign 
of slight decomposition. All solutions studied contained 10% (v/v) ethanol 
and 0.1% sodium bemoate. 


The developed method also was suitable for the quantitative deter- 
minations of I, 11, and hydrocortisone in commercial tablets (Table 11). 
The results obtained with the blue tetrazolium method were very high, 
presumably due to interference from some inactive ingredients. When 
the active ingredients were extracted with ethanol without heat, in- 


consistent and sometimes low results were obtained. Therefore, the 
mixture was heated to extract the active ingredient quantitatively. 
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Abstract  0 A fluorometric determination for chlorzoxazone was de- 
veloped based on the intrinsic drug fluorescence in chloroform using 
excitation and emission wavelengths of286 and 310 nm, respectively. A 
calihration curve for chlorzoxazone in chloroform gave a linear working 
range of0.027-2.3 pg/ml ( r  = 0.9999) with the minimum detectability 
a t  27 ng/ml. The procedure was applied to chlorzoxazone analysis in 
spiked plasma and urine samples. Minimum detectable drug levels in 
these samples were 60 and 130 ng/ml. respectively. Data revealed that 
chlorzoxazone could he determined in plasma and urine even in the 
presence of 20-fold molar excesses of its major metabolite, 6-hydroxy- 
chlorzoxaxone, and acetaminophen. ‘The method also was applicahle to 
chlorzoxazone analysis in a Commercial dosage form containing acet- 
aminophen. 


Keyphrases 0 Chlorzoxaaone-analysis, fluorometry, in commercial 
tablets and biological fluids, in presence of hydroxychlorzoxazone and 
acetaminophen Fluorometry-analysis, chlorzoxazone in commercial 
tablets and biological fluids, in presence of hydroxychlorzoxazone and 
acetaminophen Muscle relaxants-chlorzoxazone, fluorometric 
analysis in commercial tablets and biological Iluids, in presence of  hy- 
droxychlorzoxazone and acetaminophen 


Chlorzoxazone (I) is one of the most useful skeletal 
muscle relaxants in the treatment of painful muscle spasm, 
especially in combination with acetaminophen, a product 
that has been among the top 100 drug products in the 
United States in recent years. Studies of chlorzoxazone 
metabolism in humans have shown that its major metab- 
olite is 6-hydroxychlorzoxazone (11) (1, 2). The drug is 
rapidly absorbed from the GI tract and essentially disap- 
pears from the blood in 7-8 hr. Less than 1% of the intact 
drug is excreted in the urine. 


Among the analytical methods reported for I analysis 
have been spectrophotometry (l), titrimetry (3), and GLC 
and TLC (4-6). Direct application of many procedures to 
the determination of the drug in biological fluids is lacking. 
In other instances, parameters such as accuracy, linearity, 


sensitivity, and detection limit were not evaluated for the 
reported methodology. 


In this paper, the intrinsic fluorescence of I is presented 
as a suitable analytical technique for the determination 
of the drug in biological fluids. The method also is useful 
for analysis of I in tablets. The method described is sen- 
sitive for I in the nanogram per milliliter range and is free 
from interference from I1 and acetaminophen. A previous 
report examined the analysis of I using derivatization with 
various fluorogenic reagents (7). 


EXPERIMENTAL 


Apparatus-Fluorescence measurements were made with a spectro- 
photofluorometer’ equipped with a corrected spectra accessory. The 
following settings were used: excitation and emission slits, 10 nm; am- 
plifier sensitivity coarse, 0.1; and measurement mode in true emission. 
Clear fused quartz cells (12.5 X 45 mm) were used as sample cells lor  
dosage form analysis. Quartz microcells‘ (path length 5 mm) were used 
for the hiological fluid assays. 


Reagents and Chemicals-Chlorzoxazone:’, 6-hydroxychlorzoxa- 
zone:’, and acetaminophen4 were obtained as pure powders and were used 
without further purification in the preparation of stock solutions. All 
other reagents and chemicals were commercially available and were used 
iis received. 


Determination of Chlorzoxazone in Dosage Form-A tablet5 
containing 250 mg of chlorzoxazone and 300 mg of acelaminophen was 
suspended in 15 ml of distilled water contained in a 50-ml centrifuge tube. 
After 25 ml of ethyl acetate was added, the solution was mixed6 for 5 min. 
An aliquot of the ethyl acetate extract corresponding to 100 mg of 
chlorzoxazone was transferred to a 50-ml volumetric flask and diluted 
to volume with ethyl acetate. One milliliter ofthis solution was trans- 


Model MI’F-4, I’erkin-Elmer Curp., Norwalk. Conn. * Part No. 018-0056, Hitachi, Ltd.. Tokyo, Japan. 
McNeil Pharniaceuticals. Fort Washington, Pa. 
Eastman Organic Chemicals. Rochester. N.Y. 
Parafon-Forte, McNeil I’harmaceuticals, Fort Washington. Pa. 
Vortex-Genie mixer, Scientific Industries. Bohemia, N.Y. 
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Table I-Determination of Chlorzoxazone in a Commercial 
Tablet a 


Table II-Typical Analysis of Chlorzoxazone at 1.7 pg/ml in 
SJked Plasma and Urine SamDles a 


Labeled Content Found, 
in Aliquot, pg Pg Percent of Theory 


6.24 6.15 f 0.23 98.61 f 3.71 
3.12 3.14 f 0.12 100.75 f 3.83 
1.56 1.55 f 0.07 99.57 * 4.37 


Average mean f SD 
RSD. % 


99.64 I3 .57  
R 58 


Pardon-Forte, McNeil Laboratories, Fort Washington, Pa. * Based on triplicate 
samples. 


ferred to a 25-1111 volumetric flask, and the solution was adjusted to vol- 
ume with ethyl acetate. 


Individual aliquots of 19.5,39, and 78 pl were each transferred to 5-ml 
volumetric flasks and evaporated to dryness with nitrogen. Chloroform, 
5 ml, was added to redissolve each residue, and the chloroform solution 
fluorescence was determined using excitation and emission wavelengths 
of 286 and 310 nm, respectively. A calibration curve for chlorzoxazone 
in the O.l-1.5O-pg/mi range was determined concurrently using dilutions 
obtained from a stock solution of chlorzoxazone in chloroform. Slope and 
intercept data from the calibration data iegression analysis were used 
to solve for the drug concentration in individual aliquots: fluorescence 
= (slope X concentration) + intercept. 


Assay of Chlorzoxazone in Plasma or Urine-One milliliter of 
plasma or urine containing chlorzoxazone was added to a 15-1111 centrifuge 
tube containing 0.5 ml of pH 2.5 phosphate buffer. Six milliliters of pe- 
troleum ether containing 1.5% isoamyl alcohol was added, followed by 
mixing6 for 2 min and centrifugation for 5 min a t  2000 rpm. Five milliliters 
of the organic phase was transferred to a clean 15-ml centrifuge tube, 
followed by the addition of 2.25 ml of 0.5 N NaOH. After mixing6 (1 min) 
and centrifugation (3 min), the organic phase was aspirated and 1.25 ml 
of 1 N HCI and 5 ml of chloroform were added. The solution was mixed6 
lor  1 min, and the aqueous phase was aspirated. 


Anhydrous sodium sulfate (1 g) was added to the chloroform layer, and 
the mixture was centrifuged for 3 min. The chloroform was decanted into 
a clear 15-1111 centrifuge tube and evaporated to dryness with a nitrogen 
stream. Chloroform, 1 ml, was added to redissolve the residue. Fluores- 
cence measurements were made using excitation and emission wave- 
lengths of 286 and 310 nm, respectively. A calibration curve for chlor- 
mxazone was performed concurrently using spiked plasma or urine 
samples7 in the l-lO-pg/ml concentration range. Slope and intercept data 
from regression analysis of the calibration data were used to solve for the 
drug concentration in each sample: fluorescence = (slope X concentra- 
tion) + intercept. 


RESULTS AND DISCUSSION 


Fluorometric examination of I in water a t  pH 2-14 showed maximum 
fluorescence at pH < 6 using excitation and emission wavelengths of 286 
and 310 nm, respectively. The fluorescence was essentially quenched a t  
pH 2 10. A comparison of chlorzoxazone fluorescence in various organic 
solvents (water, ethanol, isobutanol, tetrahydrofuran, ethyl acetate, 
chloroform, carbon tetrachloride, and petroleum ether containing 1.5% 
isoamyl alcohol or 2% isobutanol) indicated that the drug was more flu- 
orescent in the polar solvents. However, sensitivity was limited by the 
intluence of Raman scatter of' the various solvents, especially a t  low I 
concentrations. 


Data showed that the chlorot'orm Raman peak was less intense than 
those of the other solvents studied. Chloroform also gave less interference 
a t  the I emission wavelength while showing adequate solubility for the 
drug. Thus, chloroform was selected as the solvent for the fluorescence 
measurements. A calibration curve for I in chloroform showed a linear 
working range from 0.027 to 2.3 pg/ml ( r  = 0.9999) with minimum de- 
tection at 27 n g h l  (signalhoise = 2). 


Chlorzoxazone was extracted from water samples using various organic 
solvents. The percent recovery of I from water using chloroform was 100.0 
f 4.4% (n = 6). Optimal extraction was a t  pH < 7. Other solvents such 
as ethyl acetate, isobutyl or isoamyl alcohol. ethyl acetate-isobutanol 
(B:2), and petroleum ether containing'l.570 isoamyl alcohol or 2% isobu- 
tanol also were useful extraction solvents. However, when these solvents 
were applied to chlorzoxazone extraction in plasma or urine samples, 


' Samples were spiked hy addition ( 1 1  2.5,S.O, 10.0, and 20.0 pl of a 3.4-mg110-ml 
ethanolic solution of I to 1.0 ml of blank plasma or urine samples. 


Amount Found b, 
pglm; . '  ' 


Mixture l a m a  rine Plasma IJrine 
Percent of Theory 


~ 


Chlorzoxazone and 1.698 f 1.735 f 99.88 f 102.06 f 
hydroxychlorzoxazaneC 0.035 0.028 2.19 1.72 


Chlorzoxazone and 1.733 f 1.679 f 101.94 f 98.76 f 
hydroxychlorzoxazoned 0.042 0.010 2.45 0.01 


Chlorzoxazone and 1.614 f 1.597 f 97.62 f 93.94 
hydroxychlorzoxazonee 0.092 0.026 1.61 1.67 


Chlorzoxazone and 1.63 f 1.70 f 97.03 f 100.06 f 
acetaminophene 0.020 0.095 1.80 5.66 


Samples were spiked by addition of microliter aliquots of stock chlorzoxazone. 
hydroxychlorzoxazone, and acetaminophen solutions in ethanol to 1.0-ml blank 
plasma or urine samples. Based on quadruplicate samples. Hydroxy metabolite 
was present in equimolar concentration to that  of chlorzoxazone. * Hydroxy com- 
pound present in fourfold molar excess. e Compound present in 20-fold molar ex- 
cess. 


petroleum ether containing 1.5% isoamyl alcohol yielded the highest 
percent recovery in terms of chlorzoxazone fluorescence in chloro- 
form. 


Inclusion of isoamyl alcohol in petroleum .ether serves two purposes: 
( a  it increases the solvent system polarity, and ( b )  it prevents drug ad- 
sorption on the glass walls of the containers (8). Increasing the isoamyl 
alcohol concentration in the petroleum ether from 1.5 to 10% or adding 
isobutanol (2-1096) did not significantly increase the percent recovery 
o f  I but gave higher blank readings. In general, higher blank readings were 
obtained for biological fluids extracted with polar solvents, probably due 
to  extraction of endogenous plasma and urine components that absorb 
strongly at 280 nm in the vicinity of the I fluorescence excitation wave- 
length. Such substances also could reduce chlorzoxazone fluorescence, 
a phenomenon known as the inner-filter effect (9). 


The petroleum ether-isoamyl alcohol extraction solvent minimized 
these interferences as well as those of I1 and acetaminophen, potentially 
interfering substances likely to he present with I in biological samples. 
Calculated percent recoveries of I1 and acetaminophen from aqueous, 
solution using the solvent mix were 0.2 and 0.12'70, respectively. Little or 
no interference in the chlorzoxazone assay in plasma or urine was ob- 
served even in the presence of a 20-fold excess of I1 and/or acetaminophen 
(Table 11). 


In the assay for I in biological fluids, chlorzoxazone extraction with 
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Figure 1-Plasma leoel-time profila for I after administration of a 
single 300-mg oral dose to  a healthy adult male. 
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petroleum ether-isoamyl alcohol is followed by a reextraction of the drug 
into aqueous sodium hydroxide, adjustment to pH 6.8 with acid, and 
extraction into chloroform for the final fluorometric measureme‘nt. With 
this procedure, percent recoveries of chlorzoxazone from plasma and 
urine compared to unextracted drug were 86.63 f 1.66 ( n  = 8) and 95.37 
f 2.42 (n = 8), respectively. The linear working ranges for I in plasma and 
urine were 0.06-3.2 ( r  = 0.9993) and 0.13-3.0 ( r  = 0.9995) pg/ml, re- 
spectively, with minimum detectable levels a t  60 and 130 ng/ml, re- 
spectively. 


T o  demonstrate the application of the fluorometric I analysis, drug 
determinations in a commercial dosage form and in spiked plasma and 
urine samples were performed (Tables I and 11). Plasma and urine data 
for spiked samples of I at 0.85, 3.4, and 6.8 pg/ml in the presence of 
varying concentrations of I1 and acetaminophen gave similar results. In 
addition, a plasma level-time profile for I (Fig. 1) illustrated the utility 
of the assay in determining plasma drug levels after oral administration 
of a single 300-mg dose to a healthy adult male. The peak plasma I level 
was obtained within 4 hr, with the drug essentially disappearing from 
plasma in 8 hr. Analysis of I in urine samples taken over 24 hr revealed 
that 116 pg of unchanged drug ( < O . l %  of administered dose) was ex- 
creted. These findings are comparable to those of previous metabolic 
studies (2). 
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Abstract Acetazolamide binding to high activity and low activity 
carbonic anhydrase isoenzymes in red blood cells was studied. Inhibitory 
constants of 0.041 and 2.72 pM and maximum binding capacities of 17.2 
and 155 pM, respectively, were found. 


Keyphrases 0 Acetazolamide-binding to two carbonic anhydrase 
isoenzymes, human erythrocytes, in uitro Carbonic anhydrase inhib- 
itors-acetazolamide, binding to two carbonic anhydrase isoenzymes, 
human erythrocytes, in uitro Erythrocytes-acetazolamide binding 
to two carbonic anhydrase isoenzymes, in uitro 


Acetazolamide, a carbonic anhydrase inhibitor widely 
used in the treatment of glaucoma, acts directly on the 
carbonic anhydrase in secretory cells of the ciliary body to 
reduce aqueous production and to lower intraocular 
pressure (1). The decrease in aqueous humor formation is 
thought to result from a decrease in bicarbonate flux from 
secretory cells (2,3).  Acetazolamide also acts indirectly to 
lower intraocular pressure by eliciting systemic acidosis 
(1). With the administration of therapeutic acetazolamide 
doses, renal carbonic anhydrase is inhibited, decreasing 
reabsorption of renally excreted bicarbonate (4). 


BACKGROUND 


Most carbonic anhydrase is in the red blood cells, with extravascular 
sources contributing an additional 10% or less (1). Two types of carbonic 
anhydrase have heen identified: high activity type C and low activity type 
H (5). Extravascular carbonic anhydrase, including that found in the 
ciliary body, is generally the high activity type C isoenzyme (5). In hu- 
mans, red blood cells are the major source of low activity type B isoen- 
zyme (4). The ratio of low activity isoenzyme to high activity isoenzyme 
in human erythrocytes was reported as 6 1  (6). 


Acetazolamide binding to human erythrocytes was studied previously 
( 7  ). lntracellular and extracellular acetazolamide concentrations were 
determined by GIX following drug equilibration between the red blood 


cells and the external medium (either plasma or buffered saline). 
Rosenthal plots were constructed from the bound intracellular and ex- 
tracellular concentrations to obtain the dissociation constants (inhibitory 
constant) of the enzyme-drug complex and the maximum binding ca- 
pacity of the enzyme. 


The inhibitory constant reported for the high activity isoenzyme was 
approximately an order of magnitude larger than that reported for the 
low activity isoenzyme (5, 6). Therefore, if in uitro binding studies are 
performed such that a wide range of intracellular acetazolamide con- 
centrations is obtained, a definite curvature in the Rosenthal plot should 
he seen. Resolution of the curved plot into linear segments should permit 
the determination of maximum binding capacities and inhibitory con- 
stants for both isoenzymes. 


Kosenthal plots constructed from tn uitro equilibration studies per- 
formed in this laboratory exhibit a pronounced curvature. Inhibitory 
constants determined from the resolution of the curve were used as pa- 
rameters in a nonlinear pharmacokinetic model for acetazolamide de- 
scribed previously (8). 


EXPERIMENTAL 


Human blood was drawn into heparinized tubes and immediately 
centrifuged to isolate the red blood cells. The cells were washed twice with 
two volumes of pH 7.4 buffered saline (0.15 M NaCl and 0.01 M phos- 
phate), which were discarded. The cells were then suspended in the same 
buffered saline, and the hematocrit of the reconstituted red blood cell 
suspension was determined. 


Acetazolamide was dissolved in methanol (0.5 pg/pl), and aliquots 
containing 1-200 pg of the drug were added to 20-ml disposable vials. 
Methanol was evaporated with a nitrogen stream. Red blood cell sus- 
pension was added to the vials (6 ml to vials containing <6 pg of aceta- 
zolamide and 3 ml to vials containing >6 pg of drug). The contents were 
incubated for 2 hr a t  37O with gentle swirling in a reciprocating shaker. 
All incubations were performed using the suspension prepared from cells 
ohtained from a single subject. 


After incubation, the artificial blood medium was centrifuged. The 
acetazolamide concentration in l-:l-ml aliquots of the supernate was 
determined using a previously described high-pressure liquid chroma- 
tographic (HPLC) method (9). 


912 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 7, July 1979 


0022-3549/ 7910700-09 12$0 1.001 0 
@ 1979, American Pharmaceutical Association 












(8) W. F. Hamilton, J. W. Moore, J. M. Kinsman, and R. G.  Spurling, 


(9) W. Per1 and P. Samuel, Circ. Re$., 25, 191 (1969). 
ibid., 99,534 (1931). 


(10) J. H. Oppenheimer, J. L. Schwartz, and M. 1. Surks, J .  Clin. En- 
docrinol. Metab. ,  41,319 (1975). 


( 1 1 )  Ibid.. 41, I172 (1975). 
(12) K. C. Yeh and K. C. Kwan, J. Pharniacokinct /?iopharm., 6 ,  79 


(13) W. L. Chiou, ibid. ,  6. 599 (1978). 
(14) N. S. Aziz, -J. G. Gamhertoglio, E. 'r. I in ,  H. Grausz, and I,. %. 


(15) J. Ham, R. D. Miller, L. 2. Henet, R. S. Matteo, and I,. I,. K t d e r -  


(16) R. Platzer, R. L. Caleazzi, G .  Karlaganis, and J .  Bircher, Eur J. 


(1978). 


Benet, ibid., 6,  153 (1978). 


ick, Anesthesiology. 49,324 (1978). 


Clin. Pharrnacol.. 14,293 (1978). 


BOOKS 


Leslie 2. Renet x 
Department of Pharmacy 
University of California 
San Francisco, CA 94143 
Renato L. Galeazzi 
Department of Medicine 
University of Bern 
Bern, Switzerland 


Received February 5, 1979. 
Accepted for publication June 1, 1979. 
Presented in part a t  the Basic Pharmaceutics Section, APhA Academy 


Supported in part by National Institutes of Health Grant (:M 
of' Pharmaceutical Sciences, New York meeting, May 1977. 


26551. 


REVIEWS 


Methods in Pharmacology, Vol. 4R, Renal Pharmacology. Edited 
by MANUEL MARTINEZ-MAI.I)ONADO. Plenum, 2'27 W. t7th St., 
New York, NY 1001 1. 1978. 403 pp. 15 X 25 cm. Price $39.50. 
This volume aptly fills a gap in the literature. Although the honk was 


apparently intended for researchers in this area, each topic is treated such 
that even pharmacologists and physiologists not active in renal research 
can gain a hetter understanding [if' and appreciation for the technology 
discussed. In addition to the clear treatment of each topic, all chapters 
are well referenced. This hook should tie made available to all students 
of pharmacology, physiology, and medicine. 


The  first chapter deals with morphological methods for studying the 
kidney, including fixation methods, light microscopy, and EM proce- 
dures. The second and third chapters deal with renal dynamics. including 
clearance methods and intrarenal hlood flow measurements. Chapter 4 
deals with micropuncture techniques, while the t'ifth chapter is concerned 
with microanalytical methods l o r  nnalyzing samples ohtained hy the 
methods discussed in the previous chapter. 


In Chapter 6, methods measuring glomerular dynamics are descrihed, 
and mathematical models of glomeriilar ultrafiltration are discussed. 


Chapters 7 and 8 provide detailed descriptions of the apparatus used 
in microelectrode studies; Chapter 7 has to do with electrical potential 
measurement, and Chapter 8 concerns pH measurement. Chapter Y is 
especially interesting, providing methods for dissection and perfusion 
of isolated tuhules. 


Chapters 10-12 deal with renal biochemistry: Na--K-ATl'ase, ade- 
nylate cyclase, and intermediary metahdism. The last three chapters 
describe the methodology used in studying isolated perfused kidney in 
the dog (in vitro and in uico) and the rat ( in ci tro) .  


The effectiveness of the hook wciuld have heen greatly enhanced hy 
including with each chapter R h i e (  description of several experiments 
using the methods descrihed. Including examplary experimental drug 
application protocols and some typical data ohtained hy the methods 
would have provided the pharmacologist reader with a much clearer 
understanding of' how the method might he applied. 


In addition, it would probahly he helpl'ul lbr many readers if the names 
and addresses of manufacturers of critical equipment and supplies had 
heen provided with each chapter. 


1 have personally experienced a need for such inlormation in my pre- 
vious experience with other volumes of Mvl/iocfs in Pharmacology. 


These two shortcomings are the only major problems I see in this vol- 
ume, and I view it generally as a very inlormative and iiseful contrihution 
10 the scientific literature. 


Rcwieicwd by W. M. Bourn 
( 'o/ /ege of /'harrnac,) cind 


tloaltli .S(~ic~ni.r~s 
Nort heast /.riui.siann 1 inrwrsi t>~ 
Monrnc?. 1.11 71209 


Cocaine: 1977 National Ins t i tu te  on D r u g  Abuse (Research Mono- 
graph Series 13). Edited by H. C. PETERSON and R. C. S'I'II.IAlAN. 
Superintendent of Documents, US. Government Printing Office, 
Washington, DC 20402. Price $3 (paper cover). 
The  National Institute on Drug Abuse (NIDA) has heen publishing 


monographs on specific substances of ahuse. The  monograph on cocaine 
lollows a pattern similar to earlier monographs. There are 10 chapters 
hy 1 3  authors with 350 references dating from 1884 to 1977. There is an 
adequate author and subject index. 


The information in the hook could be classified according to history, 
pharmacology and toxicology, abuse, use, behavioral aspects, and legal 
aspects. 


This hook and the others in the series are useful to anyone involved 
in the area of substance abuse. Their rather low price makes the entire 
series inviting. 


Reuieu~ed by Charles I,. Winek 
Schuol O f  Pharmucy 
Duyuesno Universi ty  
Pittsburgh. PA 15219 


NOTICES 
Disposition I J f  Toxic Drugs and Chemicals in Man.  Vol. I .  CcJntmlly- 


Acting Drugs. Hy RANDAL], C. BASELT. Biomedical Publications, 
P.0. Box 368, Canton, CT  06019. 1978. 306 pp. 15 X 23 cm. Price 
$22.50. 


f fandbook of Experimental Pharmacology, Vol. 51. [Fric Acid. Hy 
WIL1,IAM N. KEI,I,EY and IHWIN M. WEINER. Springer-Verlag 
New York Inc., 175 Fifth Ave., New York, NY 10010. 19'78.639 pp. 16 
X 24 cm. Price $159.50 


/ A R C  MiJn0gmph.s on thi. Eualuation o f  the Carcinogenic Risk  O /  


('hcmicals lo Humans. Some N-Nitroso Compounds. (Vol. 1 7 ) .  I n -  
ternational Agency for Research on Cancer, distributed by World 
Health Organization. 1978. 165 pp. 17 X 24 cm. Price $25.00; 50 f'r. 


IAK(' Monngraphs on the Eiinluatimn of the Carcinogenic Risk of 
('hc~micals t o  Humans. Vol. 18. Polychlorinated Hiphcnyls and 
/'olybrorninated RiphcJnyls. International Agency for Kesearch on 
Cancer, distributed by World Health Organization. 1978. 140 pp. 18 
X 24 cm. Price 20 t'r. 


7'hc !ntc*rnolionczl ('hallengv of Drug Ahusc.: N I D A  Research Mono-  
graph 1.9. By IIOHER'I' C. I'ETERSEN. National Institute on Drug 
Ahuse, Division of  Research, 5600 Fishers Lane. Rockville, MD 20857. 
1978. 349 pp. I4 X 23 cm. 


Mt,lhods in ('anccr Resc.arch, VOl. X VII .  (.'ancvr Drug Dt~LdrJpmcnt, 
I'nrt H .  Edited hy VINCENT T. DeVI'I'A, dr., and HARRIS BIISCH. 
Academic, I 1  1 Fifth Ave., New York, NY 10003. 1979. 3.56 pp. I5 X 23 
cm. Price $37.00. 
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Abstract 0 A specific high-pressure liquid chromatographic method 
for  the determination of chlorpheniramine and pseudoephedrine in urine 
was developed and applied in a urinary excretion study of normal healthy 
whjects who received a sustained-release dosage form containing 8 mg 
111 chlorpheniramine maleate and 120 mg of pseudoephedrine hydro- 
chloride. Five subjects received one dose on Day 1, followed by multiple 
dosing every 12 hr for 7 days without ammonium chloride administration. 
Pour subjects received one dose of the sustained-release dosage form 
together with ammonium chloride. Urine samples were collected during 
I he 1st day and at steady state. The method is specific and simultaneously 
determines chlorpheniramine, two metabolites (mono- and di- 
tlesmethylchlorpheniramine), pseudoephedrine, and norpseudoe- 
phedrine. The assay recovery was >97% (0.06-3 pg/ml) for chlor- 
pheniramine maleate and >98% (1.5-75 pg/ml) for pseudoephedrine 
hydrochloride. Excretion of chlorpheniramine and its two metabolites 
in urine was enhanced after ammonium chloride administration. A t  
steady state, a change in urine pH from 5.69 to 6.46 resulted in more than 
i i  25% decrease in chlorpheniramine and monodesmethylchlorphenira- 
mine excretion. In spite of expected changes in its biological half-life, the 
overall amount of unchanged pseudoephedrine excreted in urine was not 
;ill'ected by urine pH, presumahly because it is primarily excreted in urine 
iih intact drug. 


Keyphrases 0 Chlorpheniramine-urinary excretion, humans, high- 
pressure liquid chromatographic analysis Chlorpheniramine metab- 
olites-urinary excretion, humans, high-pressure liquid chromatographic 
analysis Pseudoephedrine-urinary eltcretion, humans, high-pressure 
liquid chromatographic analysis 0 Nasal decongestants-chlorphenir- 
amine and pseudoephedrine, urinary excretion, humans 0 High-pressure 
liquid chromatography-analysis, chlorpheniramine and pseudo- 
ephedrine in human urine 


Chlorpheniramine and pseudoephedrine, two weak basic 
drugs, are often used together for treatment of nasal con- 
gestion. The extent and rate of urinary excretion of the 
unchanged drugs are pH and urine flow dependent (1-3). 
Chlorpheniramine is extensively metabolized uia N -  de- 
alkylation and excreted as both mono- and didesmethyl 
compounds (1,4-6), and it is expected that the excretion 
of these metabolites in urine is also urine pH dependent. 
Pseudoephedrine is primarily excreted unchanged in urine 
(7). 


A GLC method was reported for the determination of 
chlorpheniramine in urine (2). Similarly, methods utilizing 
GLC (8,9) or a radiolabeled technique (3) were reported 
for the determination of pseudoephedrine in urine. The 
purposes of this investigation were: (a )  to develop a simple, 
specific, high-pressure liquid chromatographic (HPLC) 
method for the simultaneous determination of chlor- 
pheniramine, its demethylated metabolites, and pseudo- 
ephedrine and ( b )  to apply this method in studying the 


urinary excretion of these drugs and their metabolites in 
humans. 


EXPERIMENTAL 


Protocol-Nine healthy, nonobese, male subjects participated. They 
did not receive any drugs, including enzyme-inducing agents and 
monoamine oxidase inhibitors, 1 month before and during the study. 
Caffeine-containing and alcoholic beverages also were withheld during 
the entire study. 


Five of the subjects received one sustained-release capsule' containing 
8 mg of chlorpheniramine maleate and 120 mg of pseudoephedrine hy- 
drochloride on Day 1, after an overnight fast, followed by an additional 
4-hr fasting period. Thereafter, the subjects received one capsule every 
12 hr for 6 days (Days 2-7) and then one capsule on Day 8. Cumulative 
urine samples were collected during the 0-24-hr period and at the steady 
state during the 156-168- and 168-180-hr periods. 


The other four subjects received one single capsule with and without 
ammonium chloride treatment according to a double crossover design. 
A washout period of 1 week was allowed between treatments. The capsule 
was always taken after an overnight fast and followed by 4 hr of fasting. 
One day before and throughout the study period (-68 hr), two enteric 
coated ammonium chloride tablets2 (500 mg each) were administered 
every 2 hr. The first dose taken before retiring and that given on arising 
always consisted of four tablets (2 g). When a subject's urinary pH was 
>5.3, one additional ammonium chloride tablet was administered after 
the urinary pH measurement. If the urinary pH was <4.9, the next 
scheduled dose was omitted. An attempt was made to control the urine 
flow by frequent oral administration of liquids throughout the study 
periods. Urine samples were collected from -1 to 0 hr, i.e., just before 
the drug was administered, and a t  frequent intervals up to 48 hr. 


During the entire investigation, standard meals were given to all 
subjects. Urine pH was determined at  room temperature, and the volume 
of each urine sample was measured in a graduated cylinder. An aliquot 
of 30 ml of the thoroughly mixed sample was withdrawn and stored at  
-15" until assayed. 


Assay-Chlorpheniramine and pseudoephedrine concentrations were 
determined according to the following methods. 


Method I-Two-milliliter samples of urine or standard solution con- 
taining 0.06-3 pg of chlorpheniramine maleate3/ml and 1.5-75 pg of 
pseudoephedrine hydrochloride4/ml were taken for assay. To the samples 
were added 0.5 ml of 5% KOH solution and 5 ml of an extraction solvent 
consisting of hexane-methylene chloride (6040). The samples were 
shaken for 30 min and centrifuged. Four milliliters of the solvent was 
pipetted into a vial containing 0.5 ml of chlorpromazine hydrochloride5, 
1 pg/ml in methanol. The mixture was evaporated under nitrogen. The 
residue was dissolved in 50 pl of methanol from which 20 pl  was removed 
for injection. 


Method 11-Two-milliliter samples of urine or standard solution 


Arnar-Stone Laboratories, McCaw Park, Ill. * Eli Lilly & Co., Indianapolis, Ind. 
E. M. Labs, Elmsford, N.Y. 


4 A. G. Knoll, Whippany, N.J. 
5 H. Reisman Corp., Orange, N.J. 
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Table I-Recovery and Day-to-Day Variation of the 
Simultaneous HPLC Determination of Chlorpheniramine and 
Pseudoephedrine in Urine 


Mean Percent Recovery f SD 
Concentration Method 11" 


Range, First Second 
d m l  Method I Determination Determination 


Chlorpheniramine 
0.06-3 97.3 f 4.47 102.8 f 1.61 97.9 f 3.84 
n 30 23 8 _. -_ 


Pseudoephedrine 
1.5-75 89.7 f 11.2 98.1 f 4.78 98.4 f 7.16 
n 30 23 8 
There were 3 days between the first and second determinations. 


containing 0.06-3 pg of chlorpheniramine maleate/ml and 1.5-75 pg of 
pseudoephedrine hydrochloride/ml were taken for the assay. To the 
samples were added 0.5 ml of 5% KOH solution and 4 ml of an extraction 
solvent consisting of ether-methylene chloride (7030). The samples were 
shaken for 30 min, centrifuged, and then immersed in a dry ice-isopro- 
panol bath. 


After the aqueous layer was frozen, the organic layer was transferred 
to a clean tube containing 100 pl of imipramine hydrochlorides solution 
(8 pg/ml in 0.5% phosphoric acid). The mixture was vortexed, centrifuged, 


W 
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Figure 1-Typical chromatogram of a urine sample from a subject after 
multiple-dose administration (for 8 days every 12 hr)  of the sus- 
tained-release capsule containing 8 mg of chlorpheniramine maleate 
and 120 mg of pseudoephedrine hydrochloride. This sample mas assayed 
according to Method I. Key: A, pseudoephedrine at 6 min; B, di- 
desmethylchlorpheniramine at 8.5 min; C,  monodesmethylchlorphen- 
iramine at 9.0 min; D, chlorpheniramine a t  10 min; and E, internal 
standard (chlorpromazine) at 16.0 min. 


Sigma Chemical Co., S t .  Louis, Mo. 


C 


7 
MINUTES 


Figure 2-Typical chromatogram of a blank urine sample spiked with 
the mixture of chlorpheniramine, pseudoephedrine, and their metab- 
olites. This sample was assayed according to Method 11. Key: A ,  nor- 
pseudoephedrine at 6.30 min; B, pseudoephedrine at 7.20 min; C ,  di- 
desmethylchlorpheniramine at 10.6 min; D, monodesmethylchlor- 
pheniramine at 12.3 min; E,  chlorpheniramine at 14.6 min; and F, in- 
ternal standard (imipramine) at 19.5 min. 


and frozen again. The organic layer was discarded and the aqueous layer 
was purified of residual organic solvents under vacuum. Twenty micro- 
liters of the remaining solution was injected. 


For both methods, all glassware was washed first with 4 N nitric acid 
followed by a methanol wash. The specificity of each method was tested 
for two chlorpheniramine metabolites, mono- and didesmethylchlor- 
pheniramine". Method I1 also was tested for norpseudoephedrine*. 


All urine and the standard solution samples were assayed with a 
high-pressure liquid chromatographg fitted with onelo (Method I) or 
two" (Method 11) 30-cm X 4-mm i.d. columns. The columns were packed 
with microparticulate silica permanently coated with a propylcyano layer. 
The mercury source UV absorbance detector was equipped with a 254-nm 
filter12. The flow rate of the mobile phase, acetonitrile-methanol- 
phosphate buffer (0.005 M NazHP04 and 0.01 M NaHzP04, pH 6.6) 
(26:25:50), was 2 ml/min. The final pH of the mobile phase was 7.6. 


RESULTS 


Figure 1 depicts a typical chromatogram of a urine sample from a 
subject who received multiple dosing of the capsule containing 8 mg of 


Courtesv of Smith Kline & French Laboratories. PhiladelDhia. Pa. 
Aldricbehemical Co., Milwaukee, Wis. 


LcBondapak CN column, Dacked in hexane. manufactured in 1977 and marketed 
9 Model ALC/CPC 204, Waters Associates, Milford, Mass. 


until Augusf 1977; Waters Akociates, Milford, Mass. 
I1 pBondapak CN column, packed in methanol-water (7030). introduced in the 


market in December 1977; Waters Associates, Milford, Mass. 
l2 Model 440 detector, Waters Associates, Milford, Mass. 
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Table 11-Effect of pH on Excretion of Unchanged Chlorpheniramine and Pseudoephedrine in Urine 


Total Amount Excreted", Mean f SD, mg 
Urinary Excretion Monodesmethyl- Didesmethyl- 


Time, hr Urine pH Chlorpheniramine chlorpheniramine chlorpheniramine Pseudoephedrine 


116 f 6.78 0-24 (single dose) 5.31 f 0.315 1.19 f 0.267 0.835 f 0.242 0.284 f 0.158 
104 f 8.52 0-24 (single dose) 5.95 f 0.407 0.438 f 0.071 0.537 f 0.173 0.161 f 0.163 


0-24 (multiple dose) 6.16 f 0.470 0.557 f 0.595 0.767 f 0.517 0.265 f 0.124 104 f 10.3 
156-168 (steady state) 5.69 f 0.434 1.44 f 1.19 1.80 f 0.558 0.373 f 0.086 109 f 22.5 
168-180 (steady state)e 6.46 f 0.507 1.07 f 1.26 1.32 f 0.428 0.366 f 0.119 104 f 21.5 


0 These values are expressed in equivalents of chlorpheniramine maleate (for chlorpheniramine and its ihetabolites) and pseudoephredrine hydrochloride. Mean 
of four subjecta; all others are means of five subjects. These subjects received the drugs with and without ammonium chloride in a two-way crossover fashion. Statistically 
significant difference (paired t-test) from 156-16Bhr period with respect to urine pH ( p  < 0.005), chlorpheniramine ( p  < 0.02), and monodesmethylchlorpheniramine 
(p < 0.025). 


chlorpheniramine maleate and 120 mg of pseudoephedrine hydrochloride. 
Figure 2 shows a typical chromatogram of a blank urine sample spiked 
with chlorpheniramine, mono- and didesmethylchlorpheniramine, 
pseudoephedrine, and norpseudoephedrine. The chromatograms shown 
in Figs. 1 and 2 were determined by assay Methods I and 11, respec- 
tively. 


Table I summarizes the results of the recovery and reproducibility 
study for chlorpheniramine and pseudoephedrine by both methods. The 
recovery with Method I was 97.3 f 4.47% (mean f SD, n = 8) for chlor- 
pheniramine and 89.7 f 11.2% for pseudoephedrine. The recovery with 
Method 11, using the same urine samples 3 days later, was 97.9 f 3.84% 
for chlorpheniramine and 98.4 f 7.16% ( n  = 8) for pseudoephedrine. 
There was no correlation between the recovery and the urine concen- 
tration for either drug. 


Figure 3 depicts the day-to-day reproducibility of Method 11. A plot 
of the determined concentrations on the 1st day ( x )  versus the corre- 
sponding concentrations of the same urine samples determined 3 days 
later ( y )  gave regression lines of y = 0.079 f 0 .980~  (r = 0.999) for 0.06-3 
pg of chlorpheniramine maleate/ml of urine and y = 0.0637 f 0 . 9 6 1 ~  (r  
= 0.997) for 1.5-75 pg of pseudoephedrine hydrochloride/ml of urine. 


Figure 4 shows the average time course of cumulative urinary excretion 
of chlorpheniramine and its metabolites in three subjects after ingestion 
of a single capsule containing 8 mg of chlorpheniramine maleate and 120 
mg of pseudoephedrine hydrochloride. Table I1 summarizes the amounts 
of chlorpheniramine, its two metabolites, and pseudoephedrine excreted 
unchanged in urine after a single dose and at  steady state after admin- 
istration of the same dose every 12 hr for 8 days. Of the chlorpheniramine 
dose, 18.0% was excreted intact, 22.5% was excreted as mono- 
desmethylchlorpheniramine, and 4.7% was excreted as didesmethyl- 
chlorpheniramine. During the same period, 91% of the pseudoephedrine 
dose was excreted intact in this group of subjects. 


Table I1 also shows that a significant elevation in urine pH from an 
average of 5.69 to 6.46 apparently caused a significant decrease, about 
25%, in the amount of chlorpheniramine and monodesmethylchlor- 
pheniramine excreted in urine. There was no such effect on the excretion 
of pseudoephedrine in urine at  steady state. Ammonium chloride en- 
hanced excretion of chlorpheniramine and its metabolites but had rela- 
tively little effect on the total unchanged pseudoephedrine excreted in 
urine (Table 11). The amount of norpseudoephedrine excreted in urine 
of these subjects was negligible with or without ammonium chloride 
treatment. 


DISCUSSION 


Method I was originally developed for a simultaneous determination i,.." 
20 


20 40 60 .- 
C~NCENTRATION IN URWE 


(FIRST DETERMINAT16N). pg/ml 
Figure 3-Day-to-day variation of the simultaneous HPLC determi- 
nation of chlorpheniramine and pseudoephedrine in urine by Method 
11. There were 3 days between the first and second determinations. 


of chlorpheniramine and pseudoephedrine in urine using a propylcyano 
HPLC column. It was successfully utilized to assay the urine samples 
from the multiple-dose study as well as some samples from the single-dose 
study. During an interim period, the HPLC column was improved by the 
manufacturer. Because of this change, certain adjustments had to be 
made in the extraction procedure, resulting in the development of 
Method 11. Additionally, the internal standard from Method I, i.e., 
chlorpromazine, was replaced by imipramine, which showed better sta- 
bility under the acidic conditions of Method 11 and had a shorter retention 
time. 


The assay is specific for the simultaneous determination of unchanged 
chlorpheniramine and pseudoephedrine. It also separates two metabolites 
of chlorpheniramine, mono- and didesmethylchlorpheniramine, and the 
pseudoephedrine metabolite, norpseudoephedrine. In spite of the simi- 
larity in the HPLC mobile phases, the retention times of the individual 
compounds determined by Method I1 were relatively longer than those 
determined by Method I. Method I1 also provided better resolution than 
did Method 1. This finding was expected since the new assay utilized two 
columns and, therefore, the number of the theoretical chromatographic 
plates was larger, which consequently resulted in improved resolutions 
of the compounds by HPLC. 


Both chlorpheniramine and pseudoephedrine are stable in aqueous 
solution under drastic temperature conditions (10). There was no indi- 
cation of any instability in urine. The reproducibility and precision of 
the assay are very high for both compounds, as evidenced by relatively 
small coefficients of variation, 1.6 and 4.8% for chlorpheniramine and 
pseudoephedrine, respectively, and very little day-to-day variation (Table 
I and Fig. 3). 


Chlorpheniramine is extensively metabolized to mono- and di- 
desmethylchlorpheniramine and other nonextractable metabolites (4). 
In this study, under steady-state conditions, only about one-half of the 
dose was excreted in urine as chlorpheniramine and its two metabolites 
within one dosing interval. This result suggests that chlorpheniramine 
is excreted as unextractable metabolites in urine since there was no evi- 
dence of other measurable compounds by HPLC. Consistent with theory 
and the published literature (2), excretion of unchanged chlorphenira- 
mine was urine pH dependent. The excretion of the two demethylated 
chlorpheniramine metabolites was also pH dependent after a single dose 
and at  steady state. A small fluctuation in the urine pH at  steady state 


d 
12 24 36 40 


HOURS 


Figure 4-Cumulative amount of chlorpheniramine (0 )  and its me- 
tabolites, monodesmethylchlorpheniramine (0) and didesmethyl- 
chlorpheniramine (m), expressed as chlorpheniramine equivalents 
following administration of a single dose of 8 mg of chlorpheniramine 
maleate and 120 mg of pseudoephedrine hydrochloride in a capsule to 
three normal subjects who also received ammonium chloride throughout 
the study. 
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caused substantial changes in excretion of chlorpheniramine and the 
monodesmethyl metabolite. In this study, the change in urine pH during 
two different urine collection intervals was expected and was presumably 
due to variations in diet. 


The urinary pseudoephedrine excretion rate was enhanced under 
controlled acidic urine pH (3). However, the overall amount excreted 
unchanged was not dependent on urine pH. The excretion of negligible 
norpseudoephedrine, the principal metabolite, with and without pH 
control also supports this observation. 
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Abstract o Ketamine solutions did not form a film (T = 0) but had an 
appreciable surface potential ( A V  = 500 mv), indicating a significant 
array o f f  oriented charge dipoles a t  the air-water interface, as opposed 
to calcium chloride solutions whose A V  was zero. The A V  values of 
ganglioside films spread on the aqueous phase varied in the order water 
< sodium chloride < calcium chloride < ketamine hydrochloride. At 
equivalent concentrations, calcium chloride was 500 times as effective 
as sodium chloride, and ketamine at  the clinical concentrations of 10-20 
pg/ml (36-72 pM) was 6000 times as effective as calcium chloride in 
raising the surface potential of gangliosides; the A V  effect with mito- 
chondrial lipid was in the reverse order: water < sodium chloride = ke- 
tamine hydrochloride < calcium chloride. This calcium-ketamine in- 
version indicates a unique specificity of ketamine for gangliosides. Since 
ketamine acts on the brain and did not affect mitochondrial respiration, 
the surface potential data suggest that  part of the mechanism of action 
of ketamine could be its interaction with synaptic surfaces and, specifi- 
cally, with the sialic acid of gangliosides and/or glycoproteins present on 
the synaptic membrane surface. 


Keyphrases Membranes-surface properties, ketamine interaction 
with ganglioside and mitochondrial lipid monomolecular films 0 Ke- 
tamine-effect on monomolecular films of gangliosides and mitochon- 
dria] lipids Gangliosides-monomolecular films, effect of ketamine 
0 Mitochondrial lipids-monomolecular films, effect of ketamine 0 
Analgesics-ketamine, effect on monomolecular films of gangliosides 
and mitochondrial lipids 


Ketamine, a potent analgesic, acts on the cerebral cortex 
(1-5). Although the pharmacological effects of ketamine 
on the cardiovascular and respiratory systems have been 
defined clinically and experimentally ( 14 ,  little is known 
about its mechanism of action at the molecular level. A 
relatively small molecule, which is prepared synthetically 
as the 2- (0 -chlorophenyl)-2-( methylamine)cyclohexanone 
hydrochloride (mol. wt. 275), ketamine has been widely 
used and discussed as an analgesic, a dissociative anes- 
thetic, and a preanesthetic in experimental and clinical 
surgery (1-4). 


Although rapid induction of analgesia and cardiovas- 
cular stimulation with little effect on respiration and res- 


piratory resistance are recognized effects of ketamine 
(1-4), it is believed that the major effects are a consequence 
of the direct action of ketamine on the central nervous 
system (1-4), specifically, the cerebral cortex (5). As a 
working hypothesis, it was assumed that the negatively 
charged surfaces of the synaptic membranes in the cerebral 
cortex are the target of this positively charged molecule. 


The surface potential of the monomolecular film at  the 
air-water interface is a suitable model in which to study 
the ionic properties of both the ketamine and the acidic 
synaptic components. Interaction of positively charged 
ketamine with negatively charged lipid films was expected 
to increase the surface potential (6,7), which could then 
be related to film pressure and ion concentrations in the 
aqueous phase. Because of the role that Ca2+ plays in 
bioelectric phenomena and in the release of acetylcholine 
from synapses (5), the effects of Ca2+ and Na+ ions in the 
subphase were studied also. 


The acidic lipid of choice was ganglioside; it is abundant 
in the synapses in the gray matter forming the cerebral 
cortex (8). For a comparison, a neutral phospholipid, di- 
palmitoyl phosphatidylcholine (dipalmitoyl lecithin), was 
used since the phosphatidylcholines (lecithins) are im- 
portant constituents of cell membranes. The total lipid 
extract of mitochondria and isolated cardiolipin were 
studied for two reasons: ( a )  the mitochondrion is an im- 
portant intracellular organelle, which controls vital bio- 
chemical processes; and ( b )  besides lecithin, the mito- 
chondrial lipid contains about 10% cardiolipin (diphos- 
phatidylglycerol), which is also acidic but is quite different 
from the ganglioside. 


EXPERIMENTAL 
Highly purified ketamine' and reagent grade electrolytes were used. 


Gift of Dr. A. M. Moore, Parke-Davis and Co., Ann Arbor, Mich. 
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Urinary Iodine Excretion Rates following Intrathecal 
Injections of Iodinated Organic Carbonates 
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Abstract 0 Oily iodinated organic carbonates were investigated for use 
as myelographic media. The urinary excretion of total iodine was used 
to monitor the apparent elimination rate of these compounds from the 
subarachnoid space. Within the chain length series of CyC6, the decrease 
of elimination rates and disposition rate constants with increasing chain 
length was demonstrated. This observation is consistent with a dissolu- 
tion rate-limited elimination model. Such a model was derived and suc- 
cessfully NONLIN computer fitted to the observed elimination data. The 
model-derived parameter of clearance from the. cerebrospinal fluid 
through the lipid “blood-brain barrier” correlated well with the com- 
pound’s water solubilities and projected octanol-water partition coeffi- 
cients. Additional compounds need to be tested to evaluate the postulated 
model system. 


Keyphrases 0 Myelographic agents-oily iodinated organic carbonates, 
biological elimination Pharmacokinetics-myelographic agents, oily 
iodinated organic carbonates, biological elimination 0 Contrast 
media-oily iodinated organic carbonates, biological elimination 


Positive-contrast myelography is the X-ray visualization 
of the subarachnoid space using a radiopaque substance. 
It is used to evaluate trauma to the spinal column and to 
delineate tumors and other canal obstructions. The only 
approved myelographic agent in the United States is io- 
phendylate [ethyl 10-(p-iodophenyl)undecylatel] (I). 


Iophendylate has been used in the United States in 
several million examinations since the early 1940’s. It is 
considered to be very safe; however, i t  is removed at  the 
conclusion of the examination because its biological 
elimination has been reported to be 1 ml/year (1). Water- 
soluble contrast agents have been used in Europe for over 


CH ,CH(CH,),CO,CIHi 
I 


I 
I 


I Pantopaque. 


0 
II 


R,OCOR, 
I 


I 
J.I 


It, = -(CH2)-”, n = 0-4 


30 years, but they have not been approved for use in the 
United States due to their higher incidence of adverse re- 
actions. 


Drawbacks with the current agents necessitated a search 
for a readily absorbable, nontoxic, oily myelographic me- 
dium. Oily iodinated organic carbonates of the general 
Structure I1 (2) were investigated. To understand quan- 
titatively the biological elimination of these compounds, 
four representative carbonates were selected for study. 


R, =-CnHZn+, ,  n = 1-10 


EXPERIMENTAL 
The urinary excretion of total iodine was used to monitor the apparent 


elimination rate of the four carbonates from the subarachnoid space. In 
preliminary studies, the rate-limiting step for the overall elimination of 
compounds from the body appeared to be absorption from the sub- 
arachnoid space. 


In an additional study, a series of rats was sacrificed at  24,48, and 72 
hr and on Day 5 following suboccipital injection. Other than expected 
high brain tissue levels, the only detectable iodine concentrations were 
in trace amounts (-0.3 pmole/g) found in skin samples a t  24,48, and 72 
hr. Heart, kidney, liver, leg muscle, lung, and intestine samples on any 
of the 4 days and Day 5 skin samples all showed no detectable iodine. 
Consequently, the urinary excretion of the iodinated metabolites should 
reflect the relative absorption rates. For statistical purposes, each of the 
four compounds was tested in six rata. This method quantitatively con- 
firmed the radiographic disappearance observed in these animals. 


Thirty-six adult Sprague-Dawley female rats, 197-225 g, were divided 
into six equal groups. Each group was dosed with a different test com- 
pound. The purity of each test compound (Table I) was determined by 
GLC and NMR and agreed with analytically pure samples (-99% 
pure). 


1430 / Journal of Pharmaceutical Sciences 
Vol. 68, No. 11. November 1979 


0022-3549/79/ 1 lOO-1438$0l.OO/O 
@ 1979, American Pharmaceutical Associatlon 







Table I-Physical Properties of p-Iodobenzyl Carbonates 


Viscositya Water Solubility, Molecular Analysis, % 
Compound R1 Rz at 25O, cps Density n$ mole/liter Formula Calc. Found 


IIa -CH2- -CzHs 11.76 1.6108 1.5587 6 X CioH11103 c 39.22 39.24 
H 3.62 3.77 


41.49 I 41.48 
IIb - C H r  -CdHg 14.37 1.4959 1.5431 1.3 x 10-5 CizH16103 c 43.11 42.87 


4.40 H 4.563 
I -  - 


IIC -CHy -C5H11 16.68 1.4584 1.5439 2.8 x C13H17103 c 44.82 44.50 
H 4.92 4.84 


37.51 I 36.46 
IId -CHp -f&H13 18.58 1.4100 1.5368 1.9 x 10-6 Ci4HigI03 C 46.40 46.25 


H 5.29 5.36 
I 35.05 34.77 


b 


Ostwald viscosity technique. * Not available. 


Table 11-Reoroducibilitv of Urinarv Iodine Concentrations 
' 


Standard, Mean Concentration, 
pmole/ml jimoles/ml cv, % 


0.15 
0.25 
0.50 
1 .oo 


~ 


0.149 
0.218 
0.553 
1.019 


12.0 
10.2 
5.5 
3.0 


~ ~~~ ~ 


Table 111-Daily Means and Standard Deviations for  
Cumulative Urinary Excretion of IIa (Micromoles per 
Kilogram) 


Day Mean SD 


1 354.7 105.4 
2 935.1 114.9 
3 1237.4 119.8 
4 1306.1 143.2 
5 1345.9 155.6 
6 1358.9 161.7 
7 1367.5 166.7 
8-m 1372.7 170.1 


The animals were removed from feed 18 hr before dosing. After an- 
esthetization with ether, the back of the neck was clipped closely. The 
animal was then placed on a grooved board that allowed the head to be 
declined at 45'. With a 27-gauge needle, a puncture was made at the base 
of the atlas and 2.5 mmoleshg of the test material was injected uniformly 
over 15 sec. Suboccipital injection was confirmed radiographically. The 
animals were then placed in individual metabolism cages, and the urine 
was collected at  24-hr intervals until the urine concentrations dropped 
below the assay reliability. 


Individual rat urine volumes were measured in 50-ml graduated cyl- 
inders, and representative 1.5-ml aliquots were removed and transferred 
to disposable plastic analyzer cupsz. The daily urinary iodine concen- 
tration of each rat was determined using k-shell fluorescent activation 
analysis (3). The reproducibility of eight replicates of four representative 
concentrations is shown in Table 11. 


RESULTS AND DISCUSSION 


Daily Urinary Excretion Rate Variability-Figures 1A and 1B 
illustrate the urinary excretion rate variability for individual rats. The 
correlation coefficient ( r )  of the terminal log-linear disposition phases 
ranged from r > 0.99 (Fig. 1A) tor > 0.88 (Fig. 1B). In general, correlation 
coefficients were >0.96. 


Mean Urinary Excretion Rate Data-As can be seen from the mean 
urinary excretion rate plots (Figs. 2-5), peak iodine excretion rates oc- 
curred within 1-2 days following intrathecal administration. With in- 
creasing chain length of the Rz group (II), the terminal log-linear half-life 
(tllz) progressively increased. The terminal t 1 / 2  values ranged from 0.78 
day for 110 to 11.3 days for IId. 


Cumulative Urinary Excretion Data-The same relative correlation 
with chain length can be seen in both the mean cumulative urinary ex- 
cretion plot (Fig. 6) and the plot of the percent remaining to be eliminated 


* Sherwood Medical Industries, St. Louis, Mo. 


Table IV-Daily Means and Standard Deviations for Cumulative 
Urinary Excretion of IIb (Micromoles per Kilogram) 


Day Mean SD Day Mean SD 
1 283.5 32.6 12 1242.4 148.8 
2 538.0 43.0 13 1266.4 l~'4.1 
3 712.3 78.0 14 1285.2 156.5 
4 815.0 97.0 15 1303.3 158.5 
5 905.1 113.9 16 1316.1 160.9 
6 991.7 119.1 17 1328.6 162.5 
7 1053.4 127.3 18 1337.9 165.9 
8 1104.7 129.7 19 1347.1 169.7 _. __. 


9 1149.9 134.6 20 i354.3 .i71.5 
10 1187.7 140.3 21 1360.5 172.9 
11 1215.6 145.5 22-03 1398.0 187.2 


Table V-Daily Means and Standard Deviations* for 
Cumulative Urinary Excretion of IIc (Micromoles per 
Kilogram) 


Day Mean SD Day Mean SD 


1 280.9 69.3 19 1284.3 93.5 
2 505.1 108.5 20 1294.0 93.9 
3 656.8 113.7 21 1303.9 93.3 ~... . . -.- ~~ 


4 755.9 95.4 22 1311.8 93.2 
5 842.5 95.1 23 1318.8 93.5 
6 930.6 85.9 24 1324.9 93.6 
7 989.3 94.5 25 1330.2 93.5 
8 1037.2 103.1 26 1335.4 93.2 
9 1079.1 100.8 27 1340.1 93.0 


10 1121.2 97.1 28 1343.7 92.4 
11 1153.2 96.9 29 1346.3 91.6 
12 1173.4 97.9 30 1349.6 90.8 
13 1196.2 97.5 31 1352.3 90.2 .. ~ ~~ 


14 1215.6 95.9 32 1354.8 90.2 
15 1233.3 95.0 33 1357.4 90.1 
16 1247.1 94.1 34 1360.2 89.1 
17 1262.0 93.4 35 1362.0 88.8 
18 1274.6 93.3 36-m 1377.0 84.1 


The reported values for IIc pertain to the mean and standard deviation of only 
five of the six administered rats. One rat had to be rejected based on radiographic 
evidence of subcutaneous injection instead of intrathecal injection and its grossly 
dissimilar elimination behavior. 


(Fig. 7). Intersubject variability can be evaluated from the means and 
standard deviations provided in Tables 111-VI for the cumulative urinary 
excretion of these compounds. Compound IIc had the least intersubject 
variability. 


For all four compounds, the percent of the dose excreted into the urine 
was essentially identical (54.9 f 0.9%). Since no radiopaque residues were 
observed at  the end of each study, the remaining dose was presumed to 
be eliminated uia the biliary fecal route. Spot checking of fecal samples 
for iodine content confirmed the biliary excretion component of elimi- 
nation. 


Terminal Disposition Rate Constants-The mean, standard de- 
viation, and corresponding t 1/2 values for the terminal disposition rate 
constants are shown in Table VII. Again, the influence of increasing the 
chain length of the alkyl portion of the molecule was reflected in dramatic 
changes in the magnitude of the terminal disposition rate constants and 
in the harmonic means of their corresponding t1/2 values. 
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Pharmacokinetic Model Fitting-Based on the extremely low water 
solubilities of the compounds and the apparent correlation of the amounts 
remaining to be eliminated with X-ray evidence of the oil droplets ad- 
hering to the spinal cord, an attempt was made to computer fit the ex- 
cretion data with a dissolution rate-limited elimination mode. The model 
chosen incorporated the following assumptions: 


1. The rate-limiting step for the overall elimination from the body was 


102 
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Figure 2-Predicted (A) and observed (0) elimination rates versus 
midpoint times for Ila. 


Figure 1-A. Example of the best 
individual rat's urinary excretion 
rate plot. Compound llb was ad- 
ministered. Straight l ine and 
corresponding half-life value were 
derived f rom log-linear regression 
of terminal data points. B. Ex-  
ample of  the worst individual rat's 
urinary excretion rate plot. Com- 
pound l l d  was administered. 
Straight line and corresponding 
half-life value were derived from 
log-linear regression of terminal 
data points. 


the oil dissolution into the aqueous environment of the cerebrospinal fluid 
(CSF). 


2. Following oil dissolution into the cerebrospinal fluid, diffusion and 
cerebrospinal fluid circulation carried the dissolved compound to an 
absorption surface ("blood-brain barrier"), where the dissolved drug was 
cleared rapidly by a passive first-order mechanism into the venous cir- 
culation system. 


3. The subsequent metabolism and excretion of the compounds were 
rapid and nonrate limited, permitting the daily elimination rate to ap- 
proximate the daily flux of the compound from the cerebrospinal 
fluid. 


Passage through the blood-brain barrier can be represented phar- 
macokinetically by: 


L t  


I I I I 
5 10 15 20 


Tmid, days 


Figure 3-Predicted (A) and observed (0) elimination rates versus 
midpoint times for Ilb. 
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Table VI-Daily Means and Standard Deviations for Cumulative 
Urinary Excretion of IId (Micromoles per Kilogram) 


Table VII-Mean, Standard Deviation, and Corresponding tl/z 
Values for the Terminal Disposition Rate Constants 


Day Mean SD Day Mean SD Disposition Rate Constant, 
day-' t;,!", days (Range of 


Compound Mean SD Individual t1/2 Values) 1 270.3 93.2 22 1148.5 251.7 
2 436.8 95.0 23 1159.0 251.3 
3 537.5 84.8 24 1169.7 251.1 0.75 (0.63-0.95) IIa 0.9273 0.1605 


IIb 0.1755 0.0385 3.95 (3.02-5.24) 
I I C  0.1147 0.0143 6.04 15.47-7.58) 


4 629.1 163.6 25 1181.9 252.0 
5 687.9 163.6 26 1190.3 251.3 
6 755.0 191.0 27 1198.7 252.0 
7 814.5 203.4 28 1207.1 251.9 IId 0.0630 0.0144 10.99 (8.26-14.59) 


(I t;/z = (0.693/mean terminal disposition rate constant). 


Selection of the dissolution rate-limited model allows use of the 
Noyes-Whitney equation (4): 


8 863.9 217.3 29 1215.3 252.2 
9 903.5 227.5 30 1223.0 252.1 ... . -. ~ ~ ~ - .  


10 937.6 227.7 31 1230.5 251.6 
11 962.9 230.0 32 1237.8 251.2 
12 987.1 232.8 33 1243.0 251.4 
13 1008.5 235.5 34 1248.8 250.6 dA, AD 


d t \  h (C, - C) -=- 14 1029.9 238.7 35 1254.3 249.7 
15 1049.8 241.5 36 1259.2 248.8 
16 1068.7 245.5 37 1263.3 249.2 where dA,ldt and C are the same as already given, A is the average daily 


surface area of oil droplets (square centimeters), D is the diffusion 
coefficient of the compound through the Cerebrospinal fluid (square 
centimeters per day), h is the average effective diffusion layer thickness 
(centimeters), and C, is the water solubility of the compound (grams per 
cubic centimeter). 


Since both Eqs. 1 and 2 share the term C, they can be rearranged into 
the following equation for the average daily elimination rate: 


17 1085.1 245.7 38 1267.7 249.2 
18 1099.9 247.0 39 1271.7 249.2 
19 1110.8 247.2 40 1276.7 248.4 
20 1122.5 247.6 41 1280.9 247.9 
21 1137.5 250.7 42-m 1343.2 236.5 


where: 


-= dAe average total daily elimination rate (calculated from fraction 
dt excreted) or average daily flux from the cerebrospinal fluid 


(grams per day) 
ClcsF = cerebrospinal fluid clearance through the blood-brain 


barrier (liters per day) 
C = concentration of the compound at  the absorption surface 


of the blood-brain barrier (grams per cubic centimeter) 


(Eq. 3) 
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Figure 6-Plots of the cumulative urinary excretion versus time for 
each of the four compounds. 
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Figure 4-Predicted ( A )  and observed (0)  elimination rates versus 
midpoint times for Ilc. 
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Figure 5-Predicted ( A )  and observed (0) elimination rates versus 
midpoint times for Ild. 


Figure 7-Plots of percent remaining to be eliminated versus time for 
each of the four compounds. 
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Table VIII-Estimates for the Dissolution Rate-Limited Model 


Com- A X 10-l2, B X a, P,  ci x 10-4, 
pound cm3/day3 cm3/day3 days-' days-' ml/day 


IIa 4.723 1.997 X 1.629 3.497 X 1.121 
IIb 3.954 2.142 X lo-' 0.9686 1.819 X lo-' 2.417 
IIc 250.0 3.136 0.5387 1.143 X lo-' 3.562 
IId 326.0 1.393 0.5357 6.619 X 3.908 


Table IX-Comoarison of Weighted Sum of Sauares Deviations 


Dissolution 
Com- Rate-Limited Model-Independent 
pound Model Biexponential 


IIa 
IIb 
I I C  
IId 


0.1236 
0.1148 
0.4566 
0.4678 


0.1654 
0.1280 
0.4604 
0.4978 


Equation 3 accurately predicts the expected elimination rate for two 
possible extreme conditions: ( a )  if the amount of oil injected into the 
cerebrospinal fluid is extremely large, then with a large surface area, 
[ l / ( A D / h ) ]  will be overshadowed by [1/(clCSF)], resulting in a pseudo- 
zero-order elimination rate of (ClcsF)(C,); and ( b )  if the amount of oil 
remaining within the cerebrospinal fluid approaches zero, [ l / ( A D / h ) ]  
will approach infinity and will overshadow [1/(c&)], resulting in an 
elimination rate of nearly zero. 


To utilize Eq. 3, it is necessary to approximate the average daily surface 
area. It can be calculated based on the average daily amount remaining 
to be eliminated [(AREi + AREi-1)/2], the oil density, the apparent 
average daily number of oil droplets ( n ) ,  and the assumption of spherical 
oil drops. The resulting surface area equation is: 


(Eq. 4) 
9 m  


A = (-)'I3 density2 (ARE[-1 + AREi)*" 


By substitution of Eq. 4 into Eq. 3, Eq. 5 results: 


Knowing in vitro determinations of C, and density (Table I) and in vivo 
determinations of dA,/dt and ARE values, Eq. 5 can be NONLIN (5) 


-.A 
1o"l I I I I I 0  P G U  


5 10  15 2 0  25 30 35 40 
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Figure 8-Predicted (A) and observed (0) particle number factor 
[fD/h)3n] versus midpoint times for Ild. The predicted values were 
derived from the NONLIN biexponential equation of the particle 
number factor. The observed values were derived from Eq. 6,  which 
utilizes the daily elimination rate data and the NONLIN-calculated 
apparent cerebrospinal fluid clearance. 


1 o-6 1 o-5 1 o-4 
C,. moleslliter 


Figure 9-Plot of the water Solubilities of the four compounds versus 
their apparent cerebrospinal fluid clearance. 


fitted to solve for C l c s F  and (D/h)3n.  Initial NONLIN fitting of Eq. 5 
using 5-day segments of IId revealed that the C l c s F  parameter remained 
essentially constant throughout the 41-day study while [ (D/h)3n]  de- 
creased with increasing time. The decrease in [ (D/h)3n]  was found to fit 
empirically a simple biexponential equation. Consequently, the standard 
biexponential equation [ (D/h)3n]  = (A;"' + BLB') was substituted into 
Eq. 5. The elimination data were then NONLIN fitted to Eq. 5, iterating 
five parameters: c&, A,  B, a,  and P. 


With the NONLIN-derived value for ClCSF, [ (D/h)3n]  can be generated 
by rearranging Eq. 5 


The plot bf [ ( D / h ) 3 n ]  versus Tmid  of IId (calculated from Eq. 6) can be 
compared (Fig. 8) to the NONLIN-parameter-derived values of the 
biexponential equation. The biexponential equation gives a reasonable 
empirical approximation for this parameter. 


All four compounds were then NONLIN fitted to Eq. 5; data fits can 
be seen in Figs. 2-5. Parameter values are summarized in Table VIII. The 
fits are applied to the mean elimination rate data of each of the four 
compounds. 


For comparison purposes, the elimination rate data also were NONLIN 
computer fitted to a series of model-independent polyexponential 
equations. A simple model-independent biexponential expression was 
found to describe accurately the observed data. Table IX illustrates the 
comparisoh between the sets of NONLIN fitting with respect to the 
weighted sum of squares deviations. The dissolution rate-limited model 
gave equal or only slightly better fits to the data. However, the dissolution 
rate-limited model has at  least one advantage in that it predicts de- 
creasing elimination rates with decreasing water solubilities. 


In addition, an interesting correlation exists between the nonrate- 
limiting C l c s F  parameter and the compound's water solubilities (Fig. 9) 
and projected octanol-water partition coefficients (Fig. 10). These cor- 
relations ( r2  > 0.999) predict that the water solubilities of other oils 
possibly could be large enough for the rate-limiting elimination step to  
become the passage through the lipid blood-brain barrier rather than 
dissolution into the cerebrospinal fluid. This behavior is consistent with 
the Hansch postulates pertaining to drug transport and distribution for 
biological activity within a series of analog compounds (6-8). 


0 - L -  
1 o4 1 o5 1 o6 


PART I TI ON COEF F I C I ENT 


Figure 10-Plot of the predicted octanol-water partition Coefficients 
of the four compounds versus their apparent cerebrospinal fluid 
clearance. 
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REFERENCES No other correlation was found between water solubilities and other 
observed or derived parameter values. 


CONCLUSIONS 
Within the chain length series of C2-Cel the decrease of elimination 


rates and disposition rate constants with increasing chain length was 
demonstrated. This observation is consistent with a dissolution rate- 
limited elimination model. Such a model WBB derived and successfully 
NONLIN computer fitted to the observed elimination data. The 
model-derived parameter of clearance from the cerebrospinal fluid 
through the lipid blood-brain barrier correlated well with the compound’s 
water solubilities and projected octanol-water partition coefficients. 
Additional compounds need to be tested to evaluate the postulated model 
system. 
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Abstract 0 The organ distribution of p~ly(methyl-Z-’~C-rnethacry- 
late) nanoparticles after 0.5,1,2,6, and 24 hr and after 7 days, as well as 
the elimination of degradation products in urine, feces, and breath, was 
measured for 7 days after intravenous administration to rats. The ra- 
dioactivity was determined quantitatively after preparation of the organs 
and qualitatively by macroautoradiography. In addition, nanoparticle 
distribution after intramuscular administration to mice was determined 
by macroautoradiography after 7,35, and 70 days. Thirty minutes after 
intravenous administration, the nanoparticles were found in the lungs 
in high concentrations (758 pg/g fresh weight z 22% of the administered 
dose); 60% (261 pg/g) of the dose was found in the liver. During the first 
7 days, the concentration in the lungs decreased from 758 to 284 pg/g 
while the concentration in the liver increased from 261 to 372 pg/g (z 68% 
of the administered dose), the concentration in the spleen increased from 
33 to 131 pg/g (P 4%), and the concentration in the bones increased from 
3 to 6 pglg. In all other organs and tissues, the radioactivity decreased 
significantly. During the first 7 days after intravenous administration, 
1% of the administered dose was eliminated in the urine, 3.5% in the feces, 
and 1% in the breath. After intramuscular administration, all of the 
‘4C-radioactivity still present in the body persisted at  the injection site 
for 70 days. 


Keyphrases 0 Poly(methy1 methacrylate) nanoparticles-distribution 
and elimination, intravenous and intramuscular administration, radio- 
active tracer study, rats, mice Nanoparticles-poly(methy1 methac- 
rylate), elimination and distribution, intravenous and intramuscular 
administration, rats, mice Methyl methacrylate-polymers, distri- 
bution and elimination, intravenous and intramuscular administration, 
rats, mice 


During the past few years, nanoparticles and nanocap- 
sules were introduced as new drug delivery systems (1-4). 
Poly(methy1 methacrylate) nanoparticles with incorpo- 
rated or adsorbed antigens seem to be especially promising 
as adjuvants for immunology (1,2,5,6). Incorporation into, 
as well as adsorption onto, these particles yielded much 
higher antibody titers than aluminum hydroxide and fluid 
vaccines and gave better protection (1,5,6). 


Poly(methy1 methacrylate) has been used in surgery for 
over 30 years as a material for artificial bones (7). Im- 
planted poly(methy1 methacrylate) seemed to be well 


tolerated if the implants were monomer-free and under a 
certain threshold size (8-11). 


However, little is known about the biodegradability and 
the elimination of poly(methy1 methacrylate) from the 
body. Oppenheimer et al. (12) implanted small pieces of 
p ~ l y ( ~ ~ C - m e t h y l  methacrylate) films [-CH&(CH3)-0 
C0014CH3], having 3.6 X lo4 cpm/mg, into rats. The rats 
began to excrete radioactive material after 54 weeks. When 
the film was removed, the urinary radioactivity disap- 
peared. These investigators concluded that the radioac- 
tivity could not be due to any residual monomer in the 
films since no radioactive material appeared in the urine 
bmediately upon embedding but only after an extended 
interval. Tomatis (13) implanted poly(methy1 methacry- 
late) films, with a diameter of 15 mm2, subcutaneously in 
mice. The urinary excretion of the label was initially low 
but slowly increased between 2 and 6 weeks after implan- 
tation. It fell suddenly to a minimal amount during the 9th 
week. 


Particles in the nanometer range [nanoparticles and 
nanocapsules (2,4)] exhibit a much larger surface area than 
the implants used by previous investigators. In addition, 
due to the minute size of the nanoparticles, transport from 
the site of application might occur even after intramuscular 
injection or implantation. This study was aimed at gaining 
information about the fate of these nanoparticles after 
intravenous and intramuscular administrations. 


EXPERIMENTAL 


Synthesis of Methyl-2-14C-methacrylate [CH214C(CH3)COOCH3] 
(1)-Compound I was synthesized from 2-14C-acetone1 by the cya- 
nohydrin procedure (14). 


2-I4C-Acetone was prepared by conventional methods starting from barium 
’4C-carbonate uin Grignard carboxylation and pyrolysis of lithium 1-l4C-acetate 
(2.0). 
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petroleum ether-isoamyl alcohol is followed by a reextraction of the drug 
into aqueous sodium hydroxide, adjustment to pH 6.8 with acid, and 
extraction into chloroform for the final fluorometric measureme‘nt. With 
this procedure, percent recoveries of chlorzoxazone from plasma and 
urine compared to unextracted drug were 86.63 f 1.66 ( n  = 8) and 95.37 
f 2.42 (n = 8), respectively. The linear working ranges for I in plasma and 
urine were 0.06-3.2 ( r  = 0.9993) and 0.13-3.0 ( r  = 0.9995) pg/ml, re- 
spectively, with minimum detectable levels a t  60 and 130 ng/ml, re- 
spectively. 


T o  demonstrate the application of the fluorometric I analysis, drug 
determinations in a commercial dosage form and in spiked plasma and 
urine samples were performed (Tables I and 11). Plasma and urine data 
for spiked samples of I at 0.85, 3.4, and 6.8 pg/ml in the presence of 
varying concentrations of I1 and acetaminophen gave similar results. In 
addition, a plasma level-time profile for I (Fig. 1) illustrated the utility 
of the assay in determining plasma drug levels after oral administration 
of a single 300-mg dose to a healthy adult male. The peak plasma I level 
was obtained within 4 hr, with the drug essentially disappearing from 
plasma in 8 hr. Analysis of I in urine samples taken over 24 hr revealed 
that 116 pg of unchanged drug ( < O . l %  of administered dose) was ex- 
creted. These findings are comparable to those of previous metabolic 
studies (2). 
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Abstract Acetazolamide binding to high activity and low activity 
carbonic anhydrase isoenzymes in red blood cells was studied. Inhibitory 
constants of 0.041 and 2.72 pM and maximum binding capacities of 17.2 
and 155 pM, respectively, were found. 


Keyphrases 0 Acetazolamide-binding to two carbonic anhydrase 
isoenzymes, human erythrocytes, in uitro Carbonic anhydrase inhib- 
itors-acetazolamide, binding to two carbonic anhydrase isoenzymes, 
human erythrocytes, in uitro Erythrocytes-acetazolamide binding 
to two carbonic anhydrase isoenzymes, in uitro 


Acetazolamide, a carbonic anhydrase inhibitor widely 
used in the treatment of glaucoma, acts directly on the 
carbonic anhydrase in secretory cells of the ciliary body to 
reduce aqueous production and to lower intraocular 
pressure (1). The decrease in aqueous humor formation is 
thought to result from a decrease in bicarbonate flux from 
secretory cells (2,3).  Acetazolamide also acts indirectly to 
lower intraocular pressure by eliciting systemic acidosis 
(1). With the administration of therapeutic acetazolamide 
doses, renal carbonic anhydrase is inhibited, decreasing 
reabsorption of renally excreted bicarbonate (4). 


BACKGROUND 


Most carbonic anhydrase is in the red blood cells, with extravascular 
sources contributing an additional 10% or less (1). Two types of carbonic 
anhydrase have heen identified: high activity type C and low activity type 
H (5). Extravascular carbonic anhydrase, including that found in the 
ciliary body, is generally the high activity type C isoenzyme (5). In hu- 
mans, red blood cells are the major source of low activity type B isoen- 
zyme (4). The ratio of low activity isoenzyme to high activity isoenzyme 
in human erythrocytes was reported as 6 1  (6). 


Acetazolamide binding to human erythrocytes was studied previously 
( 7  ). lntracellular and extracellular acetazolamide concentrations were 
determined by GIX following drug equilibration between the red blood 


cells and the external medium (either plasma or buffered saline). 
Rosenthal plots were constructed from the bound intracellular and ex- 
tracellular concentrations to obtain the dissociation constants (inhibitory 
constant) of the enzyme-drug complex and the maximum binding ca- 
pacity of the enzyme. 


The inhibitory constant reported for the high activity isoenzyme was 
approximately an order of magnitude larger than that reported for the 
low activity isoenzyme (5, 6). Therefore, if in uitro binding studies are 
performed such that a wide range of intracellular acetazolamide con- 
centrations is obtained, a definite curvature in the Rosenthal plot should 
he seen. Resolution of the curved plot into linear segments should permit 
the determination of maximum binding capacities and inhibitory con- 
stants for both isoenzymes. 


Kosenthal plots constructed from tn uitro equilibration studies per- 
formed in this laboratory exhibit a pronounced curvature. Inhibitory 
constants determined from the resolution of the curve were used as pa- 
rameters in a nonlinear pharmacokinetic model for acetazolamide de- 
scribed previously (8). 


EXPERIMENTAL 


Human blood was drawn into heparinized tubes and immediately 
centrifuged to isolate the red blood cells. The cells were washed twice with 
two volumes of pH 7.4 buffered saline (0.15 M NaCl and 0.01 M phos- 
phate), which were discarded. The cells were then suspended in the same 
buffered saline, and the hematocrit of the reconstituted red blood cell 
suspension was determined. 


Acetazolamide was dissolved in methanol (0.5 pg/pl), and aliquots 
containing 1-200 pg of the drug were added to 20-ml disposable vials. 
Methanol was evaporated with a nitrogen stream. Red blood cell sus- 
pension was added to the vials (6 ml to vials containing <6 pg of aceta- 
zolamide and 3 ml to vials containing >6 pg of drug). The contents were 
incubated for 2 hr a t  37O with gentle swirling in a reciprocating shaker. 
All incubations were performed using the suspension prepared from cells 
ohtained from a single subject. 


After incubation, the artificial blood medium was centrifuged. The 
acetazolamide concentration in l-:l-ml aliquots of the supernate was 
determined using a previously described high-pressure liquid chroma- 
tographic (HPLC) method (9). 
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Figure 1-Theoretical curue (-) that approximates the data points. 
The linear segment representing isoenzyme C has a negative reciprocal 
slope of0.041 pM and an intercept on the abscissa of 17.2 pM; the linear 
segment representing isoenzyme B has a negative reciprocal slope of 
2.71 p M  and an  intercept on the abscissa of 155 pM. 


The starting acetazolamide concentration in the artificial blood me- 
dium was assumed to be equivalent to the amount of acetazolamide added 
to each vial divided by the volume of the added suspension. 


The total acetazolamide concentration in the red blood cells was cal- 
culated using: 


(Eq. 1) 


where CAR is the concentration in the artificial blood, CECF is the con- 
centration in the supernate or extracellular fluid, and H is the hemato- 
crit. 


CAB - (1-H)CEw 
H CT,AB = 


RESULTS AND DISCUSSION 


The acetazolamide concentration bound to carbonic anhydrase was 
calculated as the total intracellular concentration minus the product of 
the extracellular concentration times the cell water volume. The free drug 
concentration in the cell water was assumed to be equivalent to the ex- 
tracellular concentration a t  equilibrium. The calculated bound drug 
concentration was expressed relative to the total cell volume, as was the 
measured total intracellular concentration. 


A Rosenthal plot (Fig. 1) was constructed by plotting the ratio of the 
bound concentration to the intracellular free concentration uersus the 
bound concentration. Except a t  bound concentrations that approached 
the total carbonic anhydrase concentration (intercept on abscissa), all 
intracellular drug essentially was bound (high bound to free ratio). The 
curvilinear plot was resolved into two linear segments by a graphic pro- 
cedure (10). The negative reciprocal of the slope of each line is the in- 
hibitory constant, and the intercept on the abscissa is the maximal 
hinding capacity for the respective isoenzyme. The inhibitory constants 
were 0.041 and 2.72 pM and the maximum binding capacities were 17.2 
and 155 pM for the high activity and low activity isoenzymes, respec- 
tively. Since there is one binding site per carbonic anhydrase molecule 
lor the sulfonamides (11). the maximum hinding capacity for a particular 
isoenzyme is the intracellular concentration of that isoenzyme. 


The total carbonic anhydrase concentration in the human erythrocyte 


was reported to be 156 pM, of which 20 pM was the high activity isoen- 
zyme and 136 pM was the low activity isoenzyme (6). 


Previous studies (7) also showed that the carbonic anhydrase con- 
centration (presumably type B) is variable in the human erythrocyte. 
Maren et a/. (1) reported that the total carbonic anhydrase concentration 
is highly variable (range of 130-200 pM). Thus, the total carbonic an- 
hydrase concentration in this study (172 pM) is within the range of pre- 
viously reported values. 


The inhibitory constant (2.72 pM) determined for the low activity 
isoenzyme in the present study agrees well with the inhibitory constant 
determined by previous investigators (7) (2 pM) using the in uitro equi- 
librium uptake technique. An inhibitory constant of 1 p M  a t  37' was 
reported for the low activity isoenzyme using kinetic measurements (6). 
The value reported a t  37' in that  study actually was extrapolated from 
measurements a t  lower temperatures. 


Anions have been shown to inhibit carbonic anhydrase. For example, 
Maren et a/. ( 5 )  showed that the low activity isoenzyme is much more 
sensitive to anion inhibition than the high activity isoenzyme (5). In 
particular, intracellular chloride and bicarbonate concentrations reduce 
the activity of the low activity isoenzyme to 8% of that in the absence of 
the anions. The intracellular chloride and bicarbonate anions probably 
compete with acetazolamide for binding sites in the uptake studies. Thus, 
the apparent inhibitory constant determined in studies may be larger 
than the true dissociation constant of the enzyme-drug complex in the 
absence of anions. 


Intracellular red blood cell concentrations of chloride and bicarbonate 
are 85 and 15 mM, respectively (5). Chloride- and bicarbonate-ion con- 
centrations that reduce the enzyme-catalyzed hydration of carbon dioxide 
hy one-half (160 )  were reported to be 26 and 12 mM, respectively; these 
values approximate the inhibitory constants (5). Thus, the inhibitory 
constant of 2.72 pM, as determined in the present uptake study, becomes 
0.18 pM in the absence of chloride and bicarbonate anions. 


Maren et al. (1) reported an Is0 value of 0.25 p M  for acetazolamide 
using the low activity isoenzyme. These kinetic measurements were 
conducted using a barbital buffer to minimize carbonic anhydrase inhi- 
bition by anions in conventional buffer systems. Thus, there is agreement 
between the inhibitory constants determined by kinetic measurements 
and uptake studies if competition by intracellular anions is taken into 
account. 


Since anions are present in the physiological situation, the inhibitory 
constants determined from uptake studies, rather than kinetic mea- 
surements, are more representative of the parameters to be used in de- 
scribing drug disposition. 


The 150 value reported for acetazolamide, using the high activity iso- 
enzyme and the barbital buffer system, was 0.017 pM (1). This value 
compares favorably with the inhibitory constant (0.04 pM) determined 
from the uptake study. The similarity in these values is a manifestation 
of  the negligible competition of intracellular anions with acetazolamide 
for the binding site on this isoenzyme. The negligible inhibition of the 
high activity isoenzyme by anions was demonstrated using kinetic mea- 
surements (5). 
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REVIEWS 


Methods in Pharmacology, Vol. 4R, Renal Pharmacology. Edited 
by MANUEL MARTINEZ-MAI.I)ONADO. Plenum, 2'27 W. t7th St., 
New York, NY 1001 1. 1978. 403 pp. 15 X 25 cm. Price $39.50. 
This volume aptly fills a gap in the literature. Although the honk was 


apparently intended for researchers in this area, each topic is treated such 
that even pharmacologists and physiologists not active in renal research 
can gain a hetter understanding [if' and appreciation for the technology 
discussed. In addition to the clear treatment of each topic, all chapters 
are well referenced. This hook should tie made available to all students 
of pharmacology, physiology, and medicine. 


The  first chapter deals with morphological methods for studying the 
kidney, including fixation methods, light microscopy, and EM proce- 
dures. The second and third chapters deal with renal dynamics. including 
clearance methods and intrarenal hlood flow measurements. Chapter 4 
deals with micropuncture techniques, while the t'ifth chapter is concerned 
with microanalytical methods l o r  nnalyzing samples ohtained hy the 
methods discussed in the previous chapter. 


In Chapter 6, methods measuring glomerular dynamics are descrihed, 
and mathematical models of glomeriilar ultrafiltration are discussed. 


Chapters 7 and 8 provide detailed descriptions of the apparatus used 
in microelectrode studies; Chapter 7 has to do with electrical potential 
measurement, and Chapter 8 concerns pH measurement. Chapter Y is 
especially interesting, providing methods for dissection and perfusion 
of isolated tuhules. 


Chapters 10-12 deal with renal biochemistry: Na--K-ATl'ase, ade- 
nylate cyclase, and intermediary metahdism. The last three chapters 
describe the methodology used in studying isolated perfused kidney in 
the dog (in vitro and in uico) and the rat ( in ci tro) .  


The effectiveness of the hook wciuld have heen greatly enhanced hy 
including with each chapter R h i e (  description of several experiments 
using the methods descrihed. Including examplary experimental drug 
application protocols and some typical data ohtained hy the methods 
would have provided the pharmacologist reader with a much clearer 
understanding of' how the method might he applied. 


In addition, it would probahly he helpl'ul lbr many readers if the names 
and addresses of manufacturers of critical equipment and supplies had 
heen provided with each chapter. 


1 have personally experienced a need for such inlormation in my pre- 
vious experience with other volumes of Mvl/iocfs in Pharmacology. 


These two shortcomings are the only major problems I see in this vol- 
ume, and I view it generally as a very inlormative and iiseful contrihution 
10 the scientific literature. 


Rcwieicwd by W. M. Bourn 
( 'o/ /ege of /'harrnac,) cind 


tloaltli .S(~ic~ni.r~s 
Nort heast /.riui.siann 1 inrwrsi t>~ 
Monrnc?. 1.11 71209 


Cocaine: 1977 National Ins t i tu te  on D r u g  Abuse (Research Mono- 
graph Series 13). Edited by H. C. PETERSON and R. C. S'I'II.IAlAN. 
Superintendent of Documents, US. Government Printing Office, 
Washington, DC 20402. Price $3 (paper cover). 
The  National Institute on Drug Abuse (NIDA) has heen publishing 


monographs on specific substances of ahuse. The  monograph on cocaine 
lollows a pattern similar to earlier monographs. There are 10 chapters 
hy 1 3  authors with 350 references dating from 1884 to 1977. There is an 
adequate author and subject index. 


The information in the hook could be classified according to history, 
pharmacology and toxicology, abuse, use, behavioral aspects, and legal 
aspects. 


This hook and the others in the series are useful to anyone involved 
in the area of substance abuse. Their rather low price makes the entire 
series inviting. 


Reuieu~ed by Charles I,. Winek 
Schuol O f  Pharmucy 
Duyuesno Universi ty  
Pittsburgh. PA 15219 


NOTICES 
Disposition I J f  Toxic Drugs and Chemicals in Man.  Vol. I .  CcJntmlly- 


Acting Drugs. Hy RANDAL], C. BASELT. Biomedical Publications, 
P.0. Box 368, Canton, CT  06019. 1978. 306 pp. 15 X 23 cm. Price 
$22.50. 
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caused substantial changes in excretion of chlorpheniramine and the 
monodesmethyl metabolite. In this study, the change in urine pH during 
two different urine collection intervals was expected and was presumably 
due to variations in diet. 


The urinary pseudoephedrine excretion rate was enhanced under 
controlled acidic urine pH (3). However, the overall amount excreted 
unchanged was not dependent on urine pH. The excretion of negligible 
norpseudoephedrine, the principal metabolite, with and without pH 
control also supports this observation. 
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Abstract o Ketamine solutions did not form a film (T = 0) but had an 
appreciable surface potential ( A V  = 500 mv), indicating a significant 
array o f f  oriented charge dipoles a t  the air-water interface, as opposed 
to calcium chloride solutions whose A V  was zero. The A V  values of 
ganglioside films spread on the aqueous phase varied in the order water 
< sodium chloride < calcium chloride < ketamine hydrochloride. At 
equivalent concentrations, calcium chloride was 500 times as effective 
as sodium chloride, and ketamine at  the clinical concentrations of 10-20 
pg/ml (36-72 pM) was 6000 times as effective as calcium chloride in 
raising the surface potential of gangliosides; the A V  effect with mito- 
chondrial lipid was in the reverse order: water < sodium chloride = ke- 
tamine hydrochloride < calcium chloride. This calcium-ketamine in- 
version indicates a unique specificity of ketamine for gangliosides. Since 
ketamine acts on the brain and did not affect mitochondrial respiration, 
the surface potential data suggest that  part of the mechanism of action 
of ketamine could be its interaction with synaptic surfaces and, specifi- 
cally, with the sialic acid of gangliosides and/or glycoproteins present on 
the synaptic membrane surface. 


Keyphrases Membranes-surface properties, ketamine interaction 
with ganglioside and mitochondrial lipid monomolecular films 0 Ke- 
tamine-effect on monomolecular films of gangliosides and mitochon- 
dria] lipids Gangliosides-monomolecular films, effect of ketamine 
0 Mitochondrial lipids-monomolecular films, effect of ketamine 0 
Analgesics-ketamine, effect on monomolecular films of gangliosides 
and mitochondrial lipids 


Ketamine, a potent analgesic, acts on the cerebral cortex 
(1-5). Although the pharmacological effects of ketamine 
on the cardiovascular and respiratory systems have been 
defined clinically and experimentally ( 14 ,  little is known 
about its mechanism of action at the molecular level. A 
relatively small molecule, which is prepared synthetically 
as the 2- (0 -chlorophenyl)-2-( methylamine)cyclohexanone 
hydrochloride (mol. wt. 275), ketamine has been widely 
used and discussed as an analgesic, a dissociative anes- 
thetic, and a preanesthetic in experimental and clinical 
surgery (1-4). 


Although rapid induction of analgesia and cardiovas- 
cular stimulation with little effect on respiration and res- 


piratory resistance are recognized effects of ketamine 
(1-4), it is believed that the major effects are a consequence 
of the direct action of ketamine on the central nervous 
system (1-4), specifically, the cerebral cortex (5). As a 
working hypothesis, it was assumed that the negatively 
charged surfaces of the synaptic membranes in the cerebral 
cortex are the target of this positively charged molecule. 


The surface potential of the monomolecular film at  the 
air-water interface is a suitable model in which to study 
the ionic properties of both the ketamine and the acidic 
synaptic components. Interaction of positively charged 
ketamine with negatively charged lipid films was expected 
to increase the surface potential (6,7), which could then 
be related to film pressure and ion concentrations in the 
aqueous phase. Because of the role that Ca2+ plays in 
bioelectric phenomena and in the release of acetylcholine 
from synapses (5), the effects of Ca2+ and Na+ ions in the 
subphase were studied also. 


The acidic lipid of choice was ganglioside; it is abundant 
in the synapses in the gray matter forming the cerebral 
cortex (8). For a comparison, a neutral phospholipid, di- 
palmitoyl phosphatidylcholine (dipalmitoyl lecithin), was 
used since the phosphatidylcholines (lecithins) are im- 
portant constituents of cell membranes. The total lipid 
extract of mitochondria and isolated cardiolipin were 
studied for two reasons: ( a )  the mitochondrion is an im- 
portant intracellular organelle, which controls vital bio- 
chemical processes; and ( b )  besides lecithin, the mito- 
chondrial lipid contains about 10% cardiolipin (diphos- 
phatidylglycerol), which is also acidic but is quite different 
from the ganglioside. 


EXPERIMENTAL 
Highly purified ketamine' and reagent grade electrolytes were used. 


Gift of Dr. A. M. Moore, Parke-Davis and Co., Ann Arbor, Mich. 
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Dipalmitoyl lecithin and beef heart cardiolipin (diphosphatidylglycerol) 
were chromatographically homogeneous*. Beef brain mixed ganglioside 
(9) and rat liver mitochondria (10) were prepared according to known 
methodsa. Liver mitochondria were used, because they are more readily 
available than brain mitochondria and, for all practical purposes, the 
relative lipid composition is the same in various species and organs (11). 
The mitochondria exhibited a normal increase in respiratory rate upon 
addition of adenosine diphosphats". 


The total lipid extract of the mitochondria was obtained by shaking 
the aqueous mitochondrial dispersion with four volumes of chloro- 
form-methanol (2:l) and a second time with four volumes of chloroform. 
The mitochondrial lipids were identifed by TLC on plates precoated with 
silica gel G, using chloroform-methanol-ammonia (65:35:5), the appro- 
priate lipid standards, the work of Fleischer and Rouser ( l l ) ,  and various 
group reaction stains such as iodine vapors, the molybdenum trioxide 
spray for phosphorus, and the ninhydrin spray for the primary amino 
groups of phosphatidylethanolamine and phosphatidylserine (7). 


The lipid solutions for the monolayer experiments were prepared in 
chloroform-methanol-hexane (50:4020) and stored at -20°, but they 
were kept in ice during the experiments. Under these conditions, the 
lipids were stable for >2 weeks, as compared to 2 days when their solu- 
tions were stored at  Oo (7). Since a t  -20° the ganglioside tended to pre- 
cipitate out from the organic solvent, the solution was first warmed to 
complete clearness for 1 min at  -40° before it was put on ice for the du- 
ration of the experiment. 


The procedures for the determination of surface pressure (r) and 
surface potential (AV) a t  the air-water interface have been described 
(12), except for minor modifications. Surface tension (y) was measured 
by the Wilhelmy plate method, using a platinum blade suspended from 
a Cahn electrobalance; the film pressure (T )  was calculated as the dif- 
ference between yo (without film) and y (with film). The electrical po- 
tentials without film ( VO) and with film ( V )  were measured by a radio- 


2 A plied Science Laboratories, State College, Pa. 
3 T& ganglioeide and mitochondria were kindly provided by Dr. R. Ledeen and 


Dr. D. Rez.ek, Departments of Neurology and Biochemistry, Albert Einstein College 
of Medicine, Bronx, NY 10461. 


4 D. Rezek, Department of NeurFIogy, AIbert Einatein College of Medicine, 
Bronx, NY 10461, personal communication. 


active 226Ra air electrode and a saturated calomel electrode connected 
with a high impedance electrometer; the surface potential (AV) was 
calculated as the difference V - VO. 


The lipid films were spread from organic solvent (1 mg/ml) on distilled 
water, ketamine hydrochloride, or electrolyte solutions in a circular glass 
trough whose useful area was 20 cm2; ketamine films and other films were 
made by either spreading from organic solvent or adsorbing from aqueous 
solutions (13). 


The electrolyte solutions were prepared with reagent grade salts and 
foamed to remove surface-active contaminants (12). The water was dis- 
tilled twice, the second time from alkaline permanganate. A large long- 
neck flask and a tall fractionating Vigreux column were used upright in 
the distillation to avoid contamination of the distillate with permanga- 
nate sprays (14). 


RESULTS AND DISCUSSION 


Relation of Surface Activity to Molecular Structure-The 
structures of three molecules, dipalmitoyl phosphatidylcholine, a mo- 
nosialoganglioside, and ketamine hydrochloride, are depicted. Although 
natural gangliosides are mixtures of molecules containing CIS and C ~ O  
sphingosine chains (a), only the CIS chain is specified for simplicity; 
similarly, details of the bonds between the sugar moieties were beyond 
the scope of the present article. 


Unlike the molecules of dipalmitoyl phosphatidylcholine and mo- 
nosialogangliosides, whose long hydrophobic chains confer the molecule 
asymmetry and amphiphilic or bimodal character and surface activity, 
the ketamine molecule is short and nearly spherical in its rotational 
volume and has a relatively symmetrical distribution of polar groups. 
Thus, ketamine hydrochloride is not expected to form stable films but, 
like Ca2+ and Na+, should interact with water and anionic surfaces. 


Spread Films-Ketamine-Upon application from organic solvent 
onto the surface of distilled water, ketamine did not spread as a film. The 
surface pressure was zero, but the surface potential oscillated erratically 
between 10 and 30 mv (Fig. 1). Similar results were obtained when ke- 
tamine was spread from aqueous solutions. The small fluctuating AV 
values may be ascribed to small local surface concentrations of ketamine, 
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Figure 2-Surface pressure and surface potential of dipalmitoyl leci- 
thin (DPL) and beef brain mixed ganglioside films spread on distilled 
water. The lipid quantity applied on the aqueous phase surface is ex- 
pressed in micrograms per square centimeter. 
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Figure 3-Surface pressure and surface potential values of various 
sodium chloride, calcium chloride, and ketamine hydrochloride con- 
centrations in distilled water 5 min after putting the solution in the 
trough. 


chloride affected the surface tension; for all practical purposes, the film 
pressure was zero, as was that of distilled water. One concludes that the 
surface activity of ketamine was nil or <0.1 dyne/cm (the accuracy of the 
surface tension measurements). The surface potential, however, increased 
with the ketamine concentration (Fig. 3). 


The zero pressure and large positive potential are consistent with a 
more marked effect of the i ketamine hydrochloride dipole as compared 
to calcium chloride and sodium chloride, both of which had zero surface 
potential in the first 5 min. A t  20 min, however, the A V  values rose to 2, 
5, and 530 mv with 200 pg of sodium chloride, calcium chloride, and ke- 
tamine hydrochloride/ml, respectively, in the subphase. With ketamine, 
a film pressure of 2 dynes/cm built up gradually between 10 and 20 min, 
whereas the pressure of the sodium chloride and calcium chloride solu- 
tions remained at zero. Similar results were observed with clinical 
preparations of ketamine hydrochloride5. 


Ketamine Interaction with Spread Lipid Films-The trough was 
filled with distilled water, the surface was cleaned (12), and measured 
volumes of concentrated aqueous ketamine solution were injected into 
the water with continuous magnetic stirring. After 2 min, the lipid was 
spread onto the aqueous subphase, and surface pressures and surface 
potentials were determined. 


Gangliosides-In Fig. 4, the K and AV values are related to the 
quantity of ganglioside applied (in micrograms per square centimeter) 
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Figure 4-Surface pressure and surface potential of ganglioside films 
spread on the aqueous subphase containing two different concentrations 
of ketamine hydrochloride The ganglioside quantity applied is ew- 
pressed in micrograms per square centimeter. 


G.  Colacicco, A. Selis, and E. V. Cosmi, unpublished data. 
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Figure 5-Surface potential of ganglioside films spread on various 
sodium chloride, calcium chloride, or ketamine hydrochloride concen- 
trations. The surface potential values are related to the values of the 
pressure of the ganglioside film. 


onto the surface of two different ketamine hydrochloride concentrations, 
10 and 20 pg/ml, or 36 and 72 pM, respectively. The ganglioside film 
pressure was practically the same for the two ketamine concentrations. 
The surface potential values, however, were greater for the greater ke- 
tamine concentration (curve B) and much greater than the values on 
distilled water (Fig. 2). Although the greater surface potential of the 
ganglioside on ketamine was probably due to interaction of the keta- 
minium cation with the anionic fixed charge of the ganglioside (6,7), a 
contribution may come from ketamine penetration into the ganglioside 
film, as was recently suggested for the interaction of Ca2+ with dipalmi- 
toy1 lecithin films (14). As expected, the effect of ketamine on the di- 
palmitoyl lecithin surface potential was only a few millivolts, suggesting 
little interaction or penetration. 


A comparison of ketamine with Na+ and Ca2+ is shown in Fig. 5, which 
summarizes experiments where the ganglioside was spread on various 
concentrations of sodium chloride, calcium chloride, and ketamine hy- 
drochloride. The surface potential values were related to the pressure 
of the ganglioside film on each electrolyte. In all cases, the AV values had 
a maximum at film pressure slightly above 25 dyneshm, a maximum that 
appears to be a characteristic of the ganglioside. 


The effectiveness of the electrolyte’s cation was clearly in the order 
water < sodium chloride < calcium chloride < ketamine hydrochloride. 
The AV-T curve on distilled water was much lower than on 150 mM 
NaCI, which was near that on 150 pM CaC12; this result indicates that 
the cation is important in causing a rise of the ganglioside surface po- 
tential. On an equivalents basis, Ca2+ was about 500 times as effective 
as Na+. Since the surface potential on 150 mM CaCl2 was about the same 
as on 50 pM ketamine, on an equivalents basis, ketamine appears to be 
about 6000 times as effective as Ca2+; i.e., 6000 times the equivalent 
concentration of calcium chloride must be used to obtain the effect pro- 
duced by 50 pM ketamine. 


Mitochondria1 Lipids-Unlike the mixed gangliosides, the surface 
potential effect of ketamine on mitochondrial lipid was in the order water 
< ketamine = sodium chloride < calcium chloride (Fig. 6). Although it 
can distinguish between Ca2f and Na+ with a difference in AV that is 
customary with acidic phospholipids, namely Ca2+ > Na+ > H2O (71, the 
anionic mitochondrial lipid apparently not only had no preference for 
ketamine, but the latter’s effect was the same as that of Na+, well below 
that of Ca2+. This finding suggests a marked specificity and selectivity 
of the ketamine for the ganglioside. 


This conclusion is supported by the fact that, in the interaction with 
cardiolipin, ketamine was markedly less effective than Ca2+ in raising 
the surface potential. Therefore, the diminished effect of ketamine with 
mitochondrial lipid is not caused just by a dilution of cardiolipin by lec- 
ithin and other nonionic lipids and is consistent with the fact that, in 
mixed films of dipalmitoyl lecithin and either dipalmitoyl phosphatidic 
acid or sodium dipalmitoyl phosphate, saturation of specific charge effects 
by Ca2+ occurred with 1&20 mole % of acidic lipid (14,16), with 280 mole 
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Figure 6-Ketamine interactions with spread mitochondria1 lipid films. 
The surface potential is related to the sodium chloride, calcium chloride, 
and ketamine hydrochloride concentrations in the aqueous phase. 


% of lecithin still in the film, Similarly, the large AV effect of the gan- 
glioside-ketamine system was markedly reduced as the lecithin content 
was gradually increased. 


This ionic behavior of cardiolipin, a mitochondrial lipid, and ganglio- 
side could suggest that specificity of either interaction or penetration of 
ketamine requires homogeneous ganglioside rather than a mixed gan- 
glioside-lecithin surface. To what extent this condition is realized in the 
biological system is still unknown; however, the biological significance 
of the experimental ganglioside-ketamine system is indicated by the fact 
that the ganglioside content is unusually high in gray matter, where ke- 
tamine is supposed to act (1-5). 


Ketamine Effect on Rat  Liver Mitochondria1 Respiration-At 
a concentration of 10 pg/ml(37 pM), a t  which it interacted strongly with 
the ganglioside, ketamine did not affect the oxidative phosphorylation 
coupling, measured by the rate of oxygen uptake”. 


This finding may indicate that unlike Ca2+, which is known to affect 
the mitochrondrial respiration (21), ketamine did not interfere with either 
the surface potentid of the mitochondrial lipid or intact mitochondrial 
respiration. Such results are consistent with the belief that mitochondria 
are probably not the site of action of ketamine. 


Molecular Perspectives and Biological Significance-Two im- 
portant properties of ketamine were shown: (a) a large surface potential 
(at zero pressure), which is relatable either to a unique orientation of 
ketamine’a positive charge at the air-water interface or to a f orientation 
of the dipoles of especially ionized surface water (18,191, since ketamine 
pressure is zero or near zero and (b) the ability of micromolar ketamine 
concentrations to increase markedly the surface potential of ganglioside 
films, suggesting a unique ketamine interaction with ganglioside, indeed 
at  concentrations at which Ca2+ and monovalent ions such as cholie and 
acetylcholine hydrochloride had no comparable effect. 


Although the large surface potential of ketamine solutions, about 500 
mv in the absence of a film pressure, could be attributed to a large ke- 
taminium+Cl- dipole moment in the absence of film pressure, another 
contribution to the surface potential could derive from a f orientation 
of ionized interfacial water on the ketamine solution surface (19). 


Since ketamine was 6OOO times more effective than Ca2+ in raising the 
surface potential of ganglioside, whereas the effect was comparably nil 
with dipalmitoyl lecithin films, and since Ca2+ plays a central role in 
acetylcholine discharge from the synapses during nerve function (5), 
invasion of the synaptic surfaces by ketamine may perhaps reversibly 
eliminate Ca2+ action. The experiments also suggest that the action of 
ketamine may be preferentially on synaptic surfaces and not on mito- 
chondria. 
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Abstract 0 Anomalous variations in the pKa values of variously sub- 
stituted morphine-type agonists and antagonists are interpreted as a 
reflection of long-range substituent effects operating in these molecules. 
Based on the operation of long-range effects, a mechanism is proposed 
by which substitution into the N-normorphine portion of morphine-type 
agonists and antagonists changes the activity of the parent molecule. 
Thus, a remote substituent would distort the whole molecule uia a con- 
formational transmission effect and thereby ( a )  change the fit between 
the opiate and its receptor; ( b )  change the electron density distribution 
throughout the molecule and, therefore, at the nitrogen; ( c )  modify the 
directionality of the lone-electron pair on the nitrogen; and ( d )  affect the 
pKa of the drug. The operation of long-range effects as proposed here 
could account for some of the anomalous changes in opiate activity ef- 
fected by substitution into the parent molecule. 


Keyphrases 0 Morphine-type agonists and antagonists-substituents, 
long-range effects, structure-activity relationships 0 Opiates-sub- 
stituents, long-range effects, structure-activity relationships Opiate 
receptors-effect of opiate substituents, structure-activity relationships 


Structure-activity relationships-substituted morphine-type agonists 
and antagonists 


The analgesic activity of morphine-type opiate agonists 
as well as the antimorphine activity of morphine-type 
opiate antagonists is influenced by substitution into the 
N-normorphine portion of these molecules (1). In that 
study (l), the activities of several series of closely related 
compounds were obtained by means of standard whole 
animal testing1. 


The data (1) did not lead, however, to an understanding 
of the process by which a substituent changes the opiate 
activity of the parent molecule. Often, the direction of the 
change was unexpected, in which cases the observed be- 
havior of the substituted opiate seemed to be “anoma- 
lous.” 


1 Analgesic and antimorphine activities were tested by the tail flick response 
in rats by the method of D’Amour and Smith (2). Drugs were injected subcuta- 
neously. 


Table I-Substitution Effect on the Antimorphine Activity of a 
Series of N-Allylnormorphines and N-Propylnormorphines a 


Relative Antimorphine Activity 
of 


N-Allyl- N-Propyl- 
Normorphine Moiety normorphines normorphines 


Unsubstituted 1.0 
3,6-Diacetyl 0.5 
7,s-Dihydro 0.7 
6-Desoxy 2.2 
7,8-Dihydro-6-desoxy 1.8 


7,8-Dihydro-3,6-diacetyl 0.1 
7,8-Dihydro-6-keto 1.3 


3-Methoxy-7,8-dihydro-6-desoxy 1.4 


1.0 
0.9 
1.9 
1.9 
0.2 
2.3 
0.1 
0.4 


Taken from Ref. 1. 


BACKGROUND 


Winter et al. (1) measured the antimorphine activities of two series of 
substituted opiate antagonists: N-propylnormorphines and N-allyl- 
normorphines. Identical substituents were introduced into the same 
positions of the N-normorphine moiety of these two parent antagonists 
so that the observed differences in activity between these two series did 
not reflect differences in the transport rate caused by the substituent per 
se. An examination of the data (Table I) reveals no apparent correlation 
between the structure (or position) of the substituent and the direction 
of antimorphine activity change caused by the substituent. 


These investigators (1) also found that the introduction of a common 
substituent into the N-normorphine moiety of morphine agonists and 
the corresponding antagonists (N-allylnormorphines) changed respective 
agonist and antagonist activities which were, as often as not, unrelated 
(Table 11). These data are difficult to rationalize, especially if one accepts 
the hypothesis that the same cavity of the opiate receptor accommodates 
morphine-type agonists and antagonists, as suggested in the opiate re- 
ceptor models of Goldstein (3) and Kolb (4) and as implied in some other 
opiate receptor models (5). 


Within the category of the compounds covered in Table 11, the fol- 
lowing example is intriguing: 3,6-diacetylmorphine (heroin) exhibits 2.4 
(6) or 2.5 (7) times the in uiuo analgesic activity of morphine*, and 1.45 


2 Ratio of EDm (milligrams per kilogram) relative to morphine from mouse 
hot-plate experiments. 
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REFERENCES No other correlation was found between water solubilities and other 
observed or derived parameter values. 


CONCLUSIONS 
Within the chain length series of C2-Cel the decrease of elimination 


rates and disposition rate constants with increasing chain length was 
demonstrated. This observation is consistent with a dissolution rate- 
limited elimination model. Such a model WBB derived and successfully 
NONLIN computer fitted to the observed elimination data. The 
model-derived parameter of clearance from the cerebrospinal fluid 
through the lipid blood-brain barrier correlated well with the compound’s 
water solubilities and projected octanol-water partition coefficients. 
Additional compounds need to be tested to evaluate the postulated model 
system. 
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Distribution and Elimination of 
Poly(methyl-2-14C-methacrylate) Nanoparticle 
Radioactivity after Injection in Rats and Mice 
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Abstract 0 The organ distribution of p~ly(methyl-Z-’~C-rnethacry- 
late) nanoparticles after 0.5,1,2,6, and 24 hr and after 7 days, as well as 
the elimination of degradation products in urine, feces, and breath, was 
measured for 7 days after intravenous administration to rats. The ra- 
dioactivity was determined quantitatively after preparation of the organs 
and qualitatively by macroautoradiography. In addition, nanoparticle 
distribution after intramuscular administration to mice was determined 
by macroautoradiography after 7,35, and 70 days. Thirty minutes after 
intravenous administration, the nanoparticles were found in the lungs 
in high concentrations (758 pg/g fresh weight z 22% of the administered 
dose); 60% (261 pg/g) of the dose was found in the liver. During the first 
7 days, the concentration in the lungs decreased from 758 to 284 pg/g 
while the concentration in the liver increased from 261 to 372 pg/g (z 68% 
of the administered dose), the concentration in the spleen increased from 
33 to 131 pg/g (P 4%), and the concentration in the bones increased from 
3 to 6 pglg. In all other organs and tissues, the radioactivity decreased 
significantly. During the first 7 days after intravenous administration, 
1% of the administered dose was eliminated in the urine, 3.5% in the feces, 
and 1% in the breath. After intramuscular administration, all of the 
‘4C-radioactivity still present in the body persisted at  the injection site 
for 70 days. 


Keyphrases 0 Poly(methy1 methacrylate) nanoparticles-distribution 
and elimination, intravenous and intramuscular administration, radio- 
active tracer study, rats, mice Nanoparticles-poly(methy1 methac- 
rylate), elimination and distribution, intravenous and intramuscular 
administration, rats, mice Methyl methacrylate-polymers, distri- 
bution and elimination, intravenous and intramuscular administration, 
rats, mice 


During the past few years, nanoparticles and nanocap- 
sules were introduced as new drug delivery systems (1-4). 
Poly(methy1 methacrylate) nanoparticles with incorpo- 
rated or adsorbed antigens seem to be especially promising 
as adjuvants for immunology (1,2,5,6). Incorporation into, 
as well as adsorption onto, these particles yielded much 
higher antibody titers than aluminum hydroxide and fluid 
vaccines and gave better protection (1,5,6). 


Poly(methy1 methacrylate) has been used in surgery for 
over 30 years as a material for artificial bones (7). Im- 
planted poly(methy1 methacrylate) seemed to be well 


tolerated if the implants were monomer-free and under a 
certain threshold size (8-11). 


However, little is known about the biodegradability and 
the elimination of poly(methy1 methacrylate) from the 
body. Oppenheimer et al. (12) implanted small pieces of 
p ~ l y ( ~ ~ C - m e t h y l  methacrylate) films [-CH&(CH3)-0 
C0014CH3], having 3.6 X lo4 cpm/mg, into rats. The rats 
began to excrete radioactive material after 54 weeks. When 
the film was removed, the urinary radioactivity disap- 
peared. These investigators concluded that the radioac- 
tivity could not be due to any residual monomer in the 
films since no radioactive material appeared in the urine 
bmediately upon embedding but only after an extended 
interval. Tomatis (13) implanted poly(methy1 methacry- 
late) films, with a diameter of 15 mm2, subcutaneously in 
mice. The urinary excretion of the label was initially low 
but slowly increased between 2 and 6 weeks after implan- 
tation. It fell suddenly to a minimal amount during the 9th 
week. 


Particles in the nanometer range [nanoparticles and 
nanocapsules (2,4)] exhibit a much larger surface area than 
the implants used by previous investigators. In addition, 
due to the minute size of the nanoparticles, transport from 
the site of application might occur even after intramuscular 
injection or implantation. This study was aimed at gaining 
information about the fate of these nanoparticles after 
intravenous and intramuscular administrations. 


EXPERIMENTAL 


Synthesis of Methyl-2-14C-methacrylate [CH214C(CH3)COOCH3] 
(1)-Compound I was synthesized from 2-14C-acetone1 by the cya- 
nohydrin procedure (14). 


2-I4C-Acetone was prepared by conventional methods starting from barium 
’4C-carbonate uin Grignard carboxylation and pyrolysis of lithium 1-l4C-acetate 
(2.0). 
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Table 11-Elimination of 14C-Radioactivity after Intravenous 
Administration of P0ly(methyl-2-~~C-methacrylate) 
Nanoparticles to Rats (n = 4; Two Males and Two Femalesp 


Time Feces Urine Breath 


3. hr  0.0394 f 0.0071 ._.~. - --- 
1st day 2.59 ?: 0.73 0.850 f 0.981 0.0186 f 0.0064 
2nd day 0.397 f 0.096 0.042 f 0.022 0.0114 f 0.0076 
3rd day 0.192 f 0.075 0.017 ?: 0.005 --b 
4th dav 0.103 t 0.010 0.012 2 0.005 -b 
5th da; 0.099 t 0.022 0.010 f 0.000 -L, 
6th day 0.066 f 0.028 0.01Ob f 0.000 d 
7th day 0.076 t 0.015 0.008b 2 0.005 -b 


aAll values are in percent of the administered dose (mean f SD). 
bNot  significantly different from blank value. CRefers to 2-hr daily de- 
termination time. dExtrapolated to  24 hr. 


2J4C-Acetone Cyanohydrin (11)-Sulfuric acid (40%, 7.35 ml) was 
added to a well-stirred solution of potassium cyanide (2.2 g, 33.8 mmoles) 
and 2-14C-acetone (2.5 ml, 34 mmoles, 34 mCil) in 3.2 ml of water at 15' 
for 15 min. After another 15 min, the solution was filtered, extracted with 
ether, and dried over anhydrous sodium sulfate. Chloroacetic acid (5 mg) 
was added for stabilization, and the solvent was removed in uacuo. Dis- 
tillation of the residue yielded 1.8 g (26 mCi) of 11, bp 74-76'/15 mm. 


MethyI-2-'4C-methacrylate (1)-The yield of cyanohydrin was 
added drop by drop to a stirred mixture of 98% HzSO4 (2.25 ml) and 
copper powder (20 mg) at  70-80°. After 15 min at 160' (bath tempera- 
ture), the solution was cooled in ice water. Hydrochinone (20 mg), water 
(0.3 ml), and methanol (2.4 ml) were added and refluxed for 4.5 hr at 120'. 
The product was distilled using a copper spire in the distillation head. 
The distillate was extracted with 3 X 3 ml of water and dried over mo- 
lecular sieves (4 A). Distillation yielded 458 mg (5.2 mCi) of I, bp 100'. 


The sample was analyzed using a gas chromatograph2 equipped with 
a flame detector and a column (2 m, 10% SE 30,80-100 mesh) at 80-210', 
10°/min, with helium as the carrier gas. 


TLC was carried out on silica gel plates3 in chloroform-acetone (91) 
and chloroform-methanol (91) with radioactivity4 scanning. 


Phosphate-Buffered Saline-To prepare the buffered saline, 7.60 
g of Na2HP04-2H20, 1.45 g of KH2P04, and 4.80 g of NaCl were dissolved 
in double-distilled water to give 1OOO.O ml of phosphate-buffered sa- 
line. 


Production of Nanoparti~les-Methyl-2-'~C-methacrylate, 0.95 ml, 
was dissolved in phosphate-buffered saline to give 95 ml of a 1% solution. 
This solution was irradiated with 500 krad at  a rate of 2.2 krad/min in 
a '-Wo-source (15). The resulting polymer was freeze dried. A powder 
consisting of 40% poly(methyl-2-'4C-methacrylate) nanoparticles and 
60% salt (dibasic sodium phosphate dihydrate-monobasic potassium 
phosphatesodium chloride, 7.61.454.8 w/w) was obtained. The specific 
radioactivity of this nanoparticle powder mixture was 1.74 pCi/mg of 
mixture. 


Macroautoradiography-Four Wistar ratss, -100 g, received 0.5 ml 
of nanoparticle suspension intravenously. One-half milliliter of suspen- 
sion contained 10 mg of nanoparticle powder mixture corresponding to 
4 mg of polymer with a radioactivity of 17.4 pCi. The rats were sacrificed 
after 0.5,6, and 24 hr and after 7 days. 


Three male mice, -35 g, received 50 pl of nanoparticle suspension in- 
tramuscularly. Fifty microliters of suspension contained 5.7 mg of the 
nanoparticle powder mixture corresponding to 2.28 mg of polymer with 
a radioactivity of 10 pCi. The mice were sacrificed after 7, 35, and 70 
days. 
Rats and mice were sacrificed with ether, sheared, and frozen for 2 min 


in an acetone-dry ice mixture. After 1 day in the freezer, the animals 
were imbedded in ground meat and cut into 40-pm sections with a 
cryomicrotome6. The slices were applied to adhesive tape, dried in a 
freezer for 2 days, and placed on an X-ray film for 10-40 days. 


Organ Distribution and Elimination of Radioactivity-Ten mil- 
ligrams of the nanoparticle powder mixture was suspended in water to 


2 Varian 3700, Varian AG, Zug, Switzerland. 
3 60 F 254, E. Merck, Darmstadt, West Germany. 
4 Berthold LB 2722, Berthold, Wildbad, West Germany. 
5 Bnln er, 4801 Bokel. West Germany. 
6 J u n g h  ittes, Heidelberg, West Germany. 


give 0.5 ml of suspension containing 4 mg of polymer with a radioactivity 
of 17.4 pCi. Twenty Wistar rats5, -170 g, received 0.5 ml of suspension/rat 
iv. After 0.5,1,2,6, and 24 hr and after 7 days, four animals (two males 
and two females) were sacrificed, and the organs were examined for ra- 
dioactivity. 


Radioactivity elimination in feces and urine was followed for 7 days 
in the four rats that were sacrificed after this time. 


Organs-The organ fresh weight was determined, the organs were 
homogenized, and an aliquot (50 mg) was combusted in an oxidizer7. 
Smaller organs were combusted whole. The resulting l%Oz was absorbed 
in 5 ml of absorption mediums and analyzed after being mixed with 15 
ml of scintillation cocktailg in the scintillation counter10. 


Urine-Urine, 0.5 ml, was mixed with 15 ml of scintillation cocktail 
A and analyzed in the scintillation counterg. 


Feces-The feces were freeze dried, homogenized, and weighed, and 
a 50-mg aliquot was combusted in the oxidizer7. The resulting I4CO2 was 
absorbed in 5 ml of absorption mediums, mixed with 15 ml of scintillation 
cocktails, and analyzed in the scintillation counterlo. 


Breath-The animals were placed in special metabolism cages for 2 
hr/day for 7 days to determine the l4CO2 eliminated by exhalation. The 
air in the cages was pumped in succession through three wash bottles. 
The wash bottles were filled with a mixture of 50 ml of ethanolamine and 
50 ml of methanol. The I%-activity was determined daily in a scintillation 
counter10 after mixing with 15 ml of scintillation cocktail B-methanol 
(3:l). 


Standardization-One-half milliliter of the nanoparticle suspension 
(-4 mg of polymer) was dissolved in 5 ml of acetone. Methanol, 45 ml, 
was added; 0.5 ml of this standard solution was mixed with 0.5 ml of in- 
active urine or 50 mg of inactive, freeze-dried feces. The urine-standard 
solution mixture was analyzed in the scintillation counterlo after addition 
of 15 ml of scintillation cocktail A. The feces-standard solution mixture 
was combusted in the oxidizer7. The resulting 14C02 was absorbed in 5 
ml of absorption mediumsand analyzed after mixing with 15 ml of scin- 
tillation cocktailg. 


The calculation, in percent of the dose (Tables I and II), wm based on 
these standard values. 


The values listed in Table I, given in percent of the administered dose, 
were calculated for the whole organ; for the skin, bones, fatty tissue, 
lymph nodes, and spinal cord, these values refer to 1 g. 


Scintillation Cocktail A-2,5-Diphenyloxazole" (10 g), 2,2'-p- 
phenylene-bis-5-phenylo~azole~~ (0.25 g), and naphthalene (100 g) were 
dissolved in 1 liter of dioxane. 


Scintillation Cocktail B-2,5-Diphenyloxa~ole~~ (55 g) and 2,2'- 
p-phenylene-bis-5-phenylo~azole~~ (4 g) were dissolved in 5 liters of 
toluene. 


RESULTS 


Macroautoradiography af ter  Intravenous Administration of 
Nanopartidee to Rats-The distribution of the 14C-activity in the rat 
bodies after 0.5,6, and 24 hr and after 7 days is shown in Figs. 1-4. One- 
half hour after intravenous administration, most activity was found in 
the lungs and in the liver; minor activity was found in the spleen, kidneys, 
and bone marrow. After 6 hr, activity also was observed in parts of the 
intestines, which points to biliary excretion (Fig. 2). All radioactivity had 
disappeared from the kidneys and intestines 24 hr after administration 
(Fig. 3). Strong radioactivity still could be found in the liver, lungs, and 
spleen 7 days after administration. The radioactivity in the bone marrow 
did not change significantly. 


Macroautoradiography after Intramuscular Adminstration of 
Nanoparticles to  Mice-Figures 5-7 show the distribution of 14C- 
radioactivity in mice 7,35, and 70 days after intramuscular administration 
of labeled nanoparticles. All radioactivity was found at the injection 
site. 


Elimination Kinetics in Urine, Feces, and Breath-The kinetics 
of the %-elimination in urine, feces, and breath after intravenous ad- 
ministration were followed for 7 days (Table 11). The exhaled '%-activity 
(Table 11) corresponded to a daily determination period of 2 hr. One 
percent of the administered dose was excreted in the urine, 3.5% in the 


7 Tritium carbon oxidizer type 306, Packard Instrument Co., Downers Grove, 


8 Chromosorh, Packard Instrument Co., Downers Grove, Ill. 
9 Permafluor, Packard Instrument Co., Downers Grove, Ill. 


lo Liquid scintillation spectrometer type 3380, Packard Instrument Co., Downers 


l1 Fa. Zinsser, Frankfurt, West Germany. 


Ill. 


Grove, Ill. 
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Figure 1-Macroautoradiography of a rat 30 min after intravenous 
administration of poly(methy1-2- 14C-methacrylate) nanoparticles. Figure 5-Macroautoradiography of a mouse 7 days after intramus- 


cular administration of poly(methy1-2- l4C-methacrylate) nanopar- 
ticles. 


Figure 2-Macroautoradiography of a rat 6 hr after intravenous ad- 
ministration of poly(methy1-2- l4C-methacrylate) nanoparticles. 


Figure 6-Macroautoradiography of a mouse 35 days after intramus- 
cular administration of poly(methy1-2- 1%-methacrylate) nanopar- 
ticles. 


Figure 3-Macroautoradiography of a rat 24 hr after intravenous ad- 
ministration of poly (methyl-2- 14C-methacrylate) nanoparticles. 


Figure 7-Macroautoradiography of a mouse 70 days after intramus- 
cular administration of poly(methy1-2- 1%-methacrylate) nanopar- 
ticles. 


Figure 4-Macroautoradiography of a rat 7 days after intravenous 
administration of p0ly(methyl-2-'~C-methacrytate) nanoparticles. 


feces, and 1% in the breath within 7 days. The 14C-activity in the breath 
was significantly higher than the blank for only 2 days. The excretion in 
urine and feces reached a maximum at 0.9 and 2.676, respectively, on the 
1st day and decreased rapidly until Day 7. 


Organ Distribution of Radioactivity-Table I shows the distribu- 
tion of 14C-radioactivity in the organs and tissue after intravenous ad- 
ministration of the nanoparticles. The values are given in percent of the 
administered dose and in micrograms of nanoparticles per gram of fresh 
weight. After 30 min, the most activity (-60%) was found in the liver, 22% 
in the lungs, 1.2% in the spleen, 1.7% in the GI tract, 1.5% in the GI tract 
contents, 0.4% in the kidneys, and 0.6% in the testicles. All other tissue 
and organs had an activity significantly lower than 1%. 


The radioactivity distribution changed with increasing time. The 
portion of radioactivity in the lungs was reduced to 13.2% after 7 days, 
while the portion of activity in the liver increased to 67.6%. The portion 
of activity was also reduced in the GI tract, kidneys, and testicles but 
increased slightly in the spleen and bones. 


This change in distribution of activity in the organism was demon- 
strated clearly by the nanoparticle concentrations, given in micrograms 
per gram of fresh weight. In the lungs, the concentration dropped from 
758 pg/g after administration to 284 pg/g after 7 days. The nanoparticle 
Concentration in the liver increased from 261 to 372 pg/g; in the spleen, 
it increased from 33 to 131 pg/g; and in the bones, it increased from 3 to 
6 pg/g. In all other organs, the concentration of nanoparticbs or their 
degradation products decreased markedly. 


DISCUSSION 


The distribution and elimination of radioactivity after intravenous 
administration of 14C-labeled nanometer-sized poly(methy1 methacry- 
late) particles (nanoparticles) was followed in rats for 7 days. The results 
obtained by quantitative determination of radioactivity in organs, tissue, 


and excreta correlate well with the findings obtained by macroautora- 
diography. At  first, possibly during the first pass through the lungs, the 
nanoparticles were filtered out by the lung capillaries. After 30 min, the 
concentration of nanoparticle radioactivity reached a maximum of 758 
pg/g, the highest concentration of radioactivity in any organ during the 
whole observation period. The concentration in the liver after 30 min was 
261 pg/g, which still represented -60% of the administered dose. 


14C-Radioactivity in the kidneys and GI tract was detected by using 
quantitative distribution measurements as well as macroautoradiography. 
The 14C-activity in the intestine points to certain biliary excretion. 


Seven days after administration, the 14C-activity in most organs and 
tissue had decreased markedly while the greatest amount was found in 
the liver (-68% 2 372 pg/g). Furthermore, the concentration of the na- 
noparticles or their degradation products had increased in the spleen and 
the bone marrow. Liver, spleen, and bone marrow belong to the immune 
system. The accumulation of the nanoparticles in these immunocom- 
petent organs may be related to the adjuvant effect and the protection 
yielded by these particles (1,4).  


The elimination of radioactivity in urine, in feces, and by exhalation 
was maximal shortly after application. With increasing time, the I4C- 
activity in the excreta decreased. This decrease was accompanied by an 
activity decrease in the GI tract as well as in the kidneys and may have 
been due to an elimination of lower molecular weight contents of the 
nanoparticles. Approximately 5.3% of the administered dose was excreted 
within 7 days. It is unlikely that all of this material was monomeric since 
it was shown previously with nanoparticles (15) that no more than 1% 
of fugitive material such as methacrylate monomers is present in the final 
product. 


After intramuscular administration of the labeled nanoparticles, all 
residual 14C-activity was found at  the injection site. No transportation 
and distribution of particles occurred during 70 days. 


The results after intravenous and intramuscular administrations show 
that poly(methy1 methacrylate) nanoparticles are not rapidly biode- 
gradable. Although macroautoradiographies give mainly qualitative in- 
formation about '4C-radioactivity, the strong blackening of the autora- 
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diographs shows that a considerable amount of carbon-14 persisted in 
the body. In addition, as shown previously (12), a lag period might exist 
before the elimination of the polymer. 


The long period of nanoparticle accumulation at the injection site after 
intramuscular administration correlates well with the previously observed 
prolonged adjuvant activity of these particles (1,6). This prolonged ac- 
tivity was especially pronounced after incorporation into larger amounts 
of polymer and in comparison to other adjuvants (1). 


The attraction of the nanoparticles to the immune system has already 
been mentioned. However, transporation of the adjuvant from the ad- 
ministration site is not necessary for a good immune response. This is also 
the case with other adjuvants (16,17). In contrast to these other adjuvants 
(16-18), poly(methy1 methacrylate) nanoparticles did not induce gran- 
ulomas in guinea pigs within 1 year (6). Histological reactions were the 
same as with the fluid control. In spite of the long-term persistence at the 
injection site, poly(methy1 methacrylate) nanoparticles might be an 
improvement over the presently used adjuvants from a toxicity stand- 
point; the other adjuvants also persist a t  the site of injection, but they 
exhibit much stronger adverse histological reactions (16-19). 
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Abstract 0 The analysis of plasma cyclazocine by two methods is de- 
scribed. The radioimmunoassay employed a *251-labeled radioligand, 
rabbit antiserum, and separation of bound from free cyclazocine with a 
second antibody. The radioimmunoassay was specific for cyclmine and 
had a detection limit of -20 pg/ml. The GLC method employed a mass 
spectrometer as the detector and had a detection limit of -109 pg/ml. 
Both techniques had acceptable accuracy and precision when used to 
quantitate cyclazocine in dog and human plasma. The methods were used 
successfully to quantitate cyclazocine from beagle hounds receiving 0.5 
mg of 3H-cyclazocine/kg iv. The decline in plasma cyclazocine fitted a 
two-compartment body model with a mean plasma clearance rate of 39.2 
liters/hr. 


Keyphrases 0 Cyclazocine-analysis, GLC-mass spectrometry, ra- 
dioimmunoassay, human and dog plasma, pharmacokinetics 0 Analge- 
sics-cyclazocine, GLC-mass spectrometric analysis, radioimmunoassay, 
human and dog plasma, pharmacokinetics 0 GLC-mass spectrome- 
try-analysis, cyclazocine, human and dog plasma Radioimmunoas- 
say-analysis, cyclazocine, human and dog plasma 


Cyclazocine, (2a,6a,llR*) - (k) - 3 - (cyclopropylmethy1)- 
1,2,3,4,5,6-hexahydro -6,l l-  dimethyl-2,6-methano-3- 
benzazocin-8-01 (I), is a member of the benzomorphan 
series (1). It is a relatively long-acting, orally effective 
narcotic antagonist (2) and may find clinical usefulness in 
the treatment of opiate dependence (3). Doses as low as 
0.1-0.25 mg PO have provided effective pain relief in hu- 
mans (4). 


Previously reported analytical methods for cyclazocine 
include TLC (5) and GLC (6). These methods have a de- 


tection limit of -10 ng/ml. From these laboratories, a ra- 
dioimmunoassay using 3H-cyclazocine was previously re- 
ported (7) with a sensitivity of -3 ng/ml. The antibody 
dilution was 1:50, and the antiserum for this assay was soon 
exhausted. 


To estimate accurately the cyclazocine concentration 
in plasma following low oral doses, a sensitive measure- 
ment method is needed. This article reports the develop- 
ment of two new analytical methods: a radioimmunoassay 
using a 1251-labeled cyclazocine derivative and a a GLC 
method using a mass spectrometer as the detector. Both 
techniques demonstrate sensitivity in the picogram range. 
These assays have been used to measure cyclazocine added 
to human and dog plasma. The techniques successfully 
measured cyclazocine in the plasma of dogs receiving 0.5 
mg/kg iv. The pharmacokinetic parameters were deter- 
mined from the radioimmunoassay data. 


EXPERIMENTAL 
Radioimmunoassay-Solutions-Phosphate-buffered saline was 


prepared by dissolving 8.17 g of NaCl, 0.50 g of NaH2PO.pH20,1.07 g of 
Na2HP04, and 0.095 g of thimerosal’ in 1 liter of distilled water and ad- 
justing to pH 7.0. The assay buffer contained 0.1% (w/v) gelatin dissolved 
in phosphate-buffered saline. Nonimmune normal rabbit serum was 
diluted 1:500 in phosphate-buffered saline containing 0.05 M edetate 


Sigma Chemical Co., St. Louis, Mo. 
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Abstract 0 The procedure for pancuronium bromide ion-pair extraction 
into chloroform using rose hengal and subsequent fluorometric mea- 
surement was modified by changing the extraction pH and eliminating 
phenol, ethanol, and acetone to give easier operation and enhanced flu- 
orescence stability. Precision, accuracy, and sensitivity were evaluated 
over 0.14-0.82 pg/ml (CV = 14; relative error = 9%) and 0.05-0.17 pg/ml 
(CV = 19; relative error = 21%). Following a dose of 0.1 mg/kg for cesarean 
section in humans, the mean maternal arterial and umbilical venous 
serum oncentrations of pancuronium bromide and metabolites were 0.52 
and 0.12 pg/ml, respectively, at  delivery (mean of 13 min after injec- 
tion). 


Keyphrases 0 Muscle relaxants-pancuronium bromide, analysis, 
fluorometry, maternal arterial and umbilical venous serum Fluo- 
rometry-analysis, pancuronium bromide in maternal arterial and um- 
hilical venous serum Pancuronium bromide-analysis, fluorometry, 
maternal arterial and umbilical venous serum, transplacental transfer 


Transplacental transfer-pancuronium bromide 


Pancuronium bromide is used as a muscle relaxant 
during anesthesia for cesarean section (1). Therefore, the 
quantitation of maternal and fetal serum pancuronium 
bromide concentrations is important for evaluating 
transplacental drug transfer (2). 


Pancuronium is a bisquaternary ammonium steroid that 
contains acetate ester groups a t  the 3- and 17-positions. 
Drug metabolism produces the 3-hydroxy, 17-hydroxy, and 
3,17-dihydroxy derivatives through ester hydrolysis. A 
sensitive fluorometric quantitation procedure for pancu- 
ronium bromide and its metabolites in human plasma was 
described (3), and an initial modification to stabilize the 
fluorescence was reported (4). However, a higher intensity 
and more stable fluorescence signal was still desirable. In 
addition, a rigorous evaluation of the precision, accuracy, 
and sensitivity of the  fluorometric plasma or serum pan- 
curonium bromide determination has not appeared, al- 
though a minimum O.OP-pg/ml sensitivity, using l ml of 
plasma, was reported t3,4).  


Two reports on transplacental pancuronium bromide 
transfer have appeared (5, 6). In the earlier study ( 5 ) ,  
conclusions were based on the detection of pancuronium 
bromide and its metabolites in fetal urine using a limited 
sensitivity (0.6 pg/ml) spectrophotometric procedure. The 
second study (6) was based on maternal and umbilical cord 
blood samples taken during cesarean section delivery and 
assayed for pancuronium bromide using the fluorometric 
procedure; however, despite predosing with succinylcho- 
line, no consideration was given to possible interferences 
in the pancuronium bromide assay due to succinylcholine 
or its metabolites. 


In the present study, the fluorometric method was 
modified, and precision and accuracy were evaluated over 
the expected fetal and maternal concentration ranges. 
Serum, rather than plasma, was selected to facilitate the 
measurement of y-globulin, to  which pancuronium binds 


(7). The method was used to  measure pancuronium bro- 
mide concentrations in maternal and umbilical cord blood 
samples obtained a t  cesarean section delivery. 


EXPERIMENTAL 


Chemicals and  Reagents-Crystalline pancuronium bromide' was 
used as received. Rose benga12 was purified by washing six times with 
ethyl acetate3 and three times with chloroform* and was desiccated (8). 
All other materials were reagent grade. All glassware was cleaned in 15% 
nitric acid. The centrifuge tubes were coated with dimethyldichlorosi- 
lane5, rinsed with toluene?, methanol3, water, and acetone?, and air dried. 
Pooled human serum6 from normal subjects was used for the standard 
curves. The buffer was prepared by adding 0.2 M sodium bicarbonate 
to 0.2 M sodium carbonate until pH 10.5 was attained. 


Previous Assay-To a 25-ml glass-stoppered centrifuge tube were 
added 7 ml of chloroform containing 2.5% phenol and 5% ethanol, 1 ml 
of serum, 1 ml of 0.1 M pH 7.8 phosphate buffer, and 0.5 ml of 0.2 mg of 
rose bengal/ml of 0.45 M dibasic potassium phosphate. The mixture was 
shaken 2 min on a vortex mixer followed by 30 min on a rotary mixer. The 
samples were centrifuged 10 min a t  1500Xg, and the aqueous layer was 
aspirated. An aliquot (0.5 ml) of the chloroform-phenol layer was added 
to 3.5 ml of acetone and vortexed. The relative fluorescence intensity was 
determined at 570 nm with excitation a t  546 nm. 


Modified Assay-To a 15-1111 screw-capped (polytef-lined caps) 
centrifuge tube were added 1 ml of serum, 1 ml of 0.2 M sodium bicar- 
bonate-carhonate buffer (pH 10.5), 0.5 ml of 0.5 mg of rose bengal/ml 
of 0.45 M dihasic potassium phosphate, and 7 ml of chloroform, with 
vortexing after each addition. After 30 min on a reciprocating horizontal 
shaker a t  185 oscillations/min, the samples were centrifuged for 10 min 
a t  1500Xg; the aqueous layer was aspirated. 


About 3 ml of the chloroform layer was transferred to a 1-cm silica cell. 
The relative fluorescence intensity was measured a t  570 nm, with exci- 
tation a t  ,546 nm, using a spectrofl~orometer~. The instrument was ad- 
justed daily to the same relative fluorescence intensity with 1 p g  of qui- 
nine sulfate/ml of 0.1 N H2S04 a t  450 nm, with excitation a t  350 nm. The 
blood samples were held for 2 hr a t  04" and then centrifuged" for 10 min 
a t  6000 rpm for serum preparation. All samples were assayed within 6 
hr of hlood sampling. 


Standardization Procedure-To compensate for normal daily 
fluctuations in the spectrofluorometer xenon lamp output, a five-point 
linear least-squares fitted calibration curve was prepared each day using 
freshly prepared pancuronium bromide in serum over the range of 0--0.8 
pg/ml. To establish precision, accuracy, and sensitivity, replicate pan- 
curonium bromide samples in serum were prepared over the ranges of 
-0.05-0.2 and 0.1-0.8 pg/ml. The resulting relative fluorescence intensity 
wrsus concentration data were fit by linear least squares; the coefficient 
of variation and the percentage deviation of each point (percent error) 
from the fitted line were calculated. 


Human Study Protocol-Patients undergoing elective cesarean 
section delivery gave informed consent. The patients weighed 67 f 10 
(SD) kg and received 0.75 mg of hydroxyzineikg im, 0.4 mg of atropine 
iv, 4 mg of thiamylal sodium/kg iv, 0.1 mg ot' pancuronium brornide/kg 
iv, and nitrous oxide-oxygen anesthesia. Blood samples included ma- 


1 Organon Inc., West Orange, N.J. 


4 No. 4440. Mallinckrodt. St. 1,ouis. Mo. 


Fisher. Pittsburgh, Pa. 
Certified ACS grade, Fisher, Pittsburgh, Pa. 


Sigma, Si. Louis. Mo. 


Aminco-Bowman model 4-820". 
Sorvall RC2-R with SS-34 rotor. 


' Immunopathology Laboratory, University Health Center, Pittsburgh. 1 %  
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ternal predrug control, maternal arterial a t  delivery, and fetal venous 
from the clamped umbilical cord. 


RESULTS AND DISCUSSION 


A previous study in adults undergoing nonobstetric surgery showed 
that pancuronium concentrations ranged from 0.12 to 0.79 pg/ml during 
the 20-min interval after intravenous injection of 4 . 1  mg/kg (9). Since 
pancuronium is a positively charged quaternary ammonium compound, 
its transfer rate across the placental membranes into the fetal blood would 
be slow; so fetal pancuronium concentrations would be much less than 
those in adults. For example, for the similar quaternary ammonium 
muscle relaxant metocurine, the human fetal plasma concentration was 
about one-tenth the maternal plasma concentration (10). Since the es- 
timated fetal pancuronium bromide concentrations were near the lower 
limit for quantitation by the fluorometric method, its precision, accuracy, 
and sensitivity had to be evaluated. 


In this laboratory, the relative fluorescence intensity varied by f90% 
from the mean for four 1-pg/ml samples using the original (3) or modified 
(4) fluorometric assay. Since this variation was too great for the present 
study, the following changes were made: the extraction pH was increased 
from 7.8 to 10.5, phenol was eliminated from the extraction, and acetone 
and most of the ethanol were eliminated from the fluorescence mea- 
surement step. 


The higher extraction pH increased the relative fluorescence from 0.27 
f 0.006 (SD)  at pH 7.8 to 0.52 f 0.03 (SD)  at pH 10.5 for three samples 
of 0.5 pg of pancuronium bromidelml of serum. The fluorescence de- 
creased by 10% if the extraction was done a t  pH 12 instead of 10.5. This 
improvement could be expected if the rose bengal phenolic groups ionized 
to a greater extent a t  the higher pH. This would give a higher negative 
charge and improve complexation with the positively charged pancuro- 
nium ion. T o  obtain this desired pH change, a different buffer system 
(carbonate) was employed. 


The phenol had been added in the extraction step to reduce emulsion 
formation during analysis (3, 8); however, there was still considerable 
emulsion formed. Unfortunately, the phenol also quenched the fluores- 
cence (8). With the modifications, no advantage was observed from 
phenol addition; therefore, the phenol was omitted. Similarly, the ethanol 
used in the earlier procedures to stabilize the pancuronium-rose bengal 
complex fluorescence in acetone (3,8) was omitted since the pancuro- 
nium-rose bengal-chloroform solutions without acetone showed only 
3% change in fluorescence intensity over 30 min. The chloroform used 
in the present studies contained 0.75% ethanol as preservative; this 
amount was negligible compared with the 5% by volume in the chloro- 
form-phenol solution used previously. Apparently, the combination of 
the higher pH, less alcohol, and no phenol minimized the emulsion for- 
mation by an unknown mechanism. 


In these studies, the enhanced fluorescence obtained by mixing one 
volume of the pancuronium-rose bengal-chloroform solution with seven 
volumes of acetone was less than the loss in fluorescence due to dilution. 
For example, a t  0.5 pg of pancuronium/ml, the relative fluorescence in- 
tensity was 0.52 f 0.03 (SD) (n = 3) without acetone and only 0.19 f 0.07 
(SD)  (n = 3) with acetone. Therefore, the acetone was omitted, which 
greatly helped to stabilize the fluorescence since the acetone fluorescence 
enhancement was transitory (4). 


Precision and accuracy were evaluated by using serum to which known 
pancuronium bromide amounts were added. These samples were assayed 
as described. The standard curve was linear over the 0.14-0.82-pg/ml 
range, but some scatter was evident over the 0.05-0.17-pg/ml range. 
Representative results for the mean percent relative standard deviation 
(CV) and the mean relative error for each concentration range are shown 
in Table I. For the 0.05-0.14-pglml range, the validation was done on 
three separate groups (Table I). The averages of the CV for the high and 
low concentration ranges were 14 and 19, respectively; the averages of 
the mean relative error were 9% and 21% for the high and low ranges, 
respectively. 


The mean fluorescence intensity a t  0.05 pg/ml was three times the 
mean fluorescence intensity of the serum samples without added pan- 
curonium bromide. Therefore, the minimum detectable level, defined 
as two times the blank fluorescence value, was less than 0.05 pg/ml. 
However, based on the CV values, the precision would be too poor to use 
a t  concentrations <0.05 pglml. Patient data with serum blanks that de- 
viated more than 3 SD from the mean were omitted. 


An evaluation to see if samples could be stored for later assay dem- 
onstrated that the fluorescence readings were significantly lower if the 
serum samples were not assayed promptly. In this evaluation, a solution 
of 0.5 pg of pancuronium bromide/ml of serum was prepared and divided 


Table I-Representative Results for Precision and Accuracy 
Evaluation over Two Concentration Ranges * 


Pancuronium Calculated 
Bromide Experimental Relative 
Added, Mean (Range), Error, 
d m l  n P d m l  cv % 


Part  1: High Range 
0.14 4 24 17 


0.82 4 0.81 (0.78-0.84) 3 3 
0.38 3 :::; :::;:z::g 15 12 


0.12 5 0.10 (0.08-0.13) 22 20 
0.14 5 0.14 (0.09-0.16) 20 13 
0.15 3 0.13 (0.10-0.14) 16 16 


4 Unknown “test” and known “standard” samples of ancuronium in serum were 
prepared and assayed to give relative fluorescence vaEes. All samples were ran- 
domized. The standard samples duplicated those used in preparing the daily ref- 
erence curve and were used to plot a relative fluorescence intensity uersu-s con- 
centration reference curve. This curve was used to convert fluorescence intensity 
to concentration fnr the test samples. The results in this table are for the test 
samples. 


into 15 1-ml aliquots. Three samples were assayed on the same day with 
a result of 0.49 pg/ml. The other samples were frozen. Three tubes were 
thawed and assayed after the days shown with the following results: 1 day, 
0.42 pg/ml; 2 days, 0.41 pg/ml; 7 days, 0.28 pg/ml; and 13 days, 0.37 pg/ml. 
In addition, an umbilical cord sample assayed as described and again 24 
hr later showed an apparent 30% decrease in pancuronium concentra- 
tion. 


Whether this change in fluorescence intensity was due to drug insta- 
bility or to some other factor is not known. However, the results showed 
clearly that samples could not be stored and assayed later. Therefore, 
all samples were assayed within p6 hr after blood sampling. This finding 
raises an additional question concerning the data obtained in the previous 
placental transfer study of pancuronium using the fluorometric assay 
since the samples were frozen and assayed later (6). However, in that  
study, heparinized plasma rather than serum was used; pancuronium 
stahility in heparinized plasma has not been reported. 


The modified assay was utilized to determine the mean maternal ar- 
terial and umbilical vein concentrations in 15 patients undergoing elective 
cesarean section delivery. A preinduction maternal blood sample was used 
as a control. To test for possible interference in the pancuronium assay 
due to the other drugs used during cesarean section, the maximum ma- 
ternal serum concentrations of the other drugs, except gaseous nitrous 
oxide, were estimated and added to samples of 0.5 pg of pancuronium 
bromide/ml of serum. The drugs, their concentrations, and the relative 
fluorescence following assay for pancuronium were: hydroxyzine hy- 
drochloride, 50 pglml, 0.51 f 0.04 (SD)  ( n  = 3); atropine, 0.08 pg/ml, 0.49 
f 0.04 ( S D )  ( n  = 3); thiamylal sodium, 56 pg/ml, 0.44 f 0.02 ( S D )  ( n  = 
3); and control, 0.46 f 0.05 (SD) (n = 9). I t  was concluded that no inter- 
ference existed at the concentrations tested. 


The mean maternal arterial and umbilical venous pancuronium con- 
centrations were 0.52 f 0.14 and 0.12 f 0.04 pg/ml, respectively. All 
samples were obtained a t  delivery, which occurred at a mean time of 13 
f 4 min after the pancuronium injection. The resulting fetal to maternal 
ratio of the pancuronium concentrations a t  delivery was 0.23. This ratio 
was similar to the mean ratio of 0.24 reported earlier (6) for a smaller dose 
of pancuronium bromide hut with a possible question concerning the 
absolute concentration values in the earlier study. 
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Abstract  A yellow compound was isolated from commercially avail- 
able, discolored, polyethylene ophthalmic closures containing titanium 
dioxide and butylated hydroxytoluene (1). This compound was present 
a t  7.46 ppm (wlw). I t  was identified by UV, IR, and mass spectra as 
:3,3’,.5,.5’-tetrabis(tert -butyl)stilbenequinone (II), a dimer of I. Further 
structural confirmation was obtained by NMR. Formation of I1 is cata- 
lyzed by titanium dioxide. 


Keyphrases 0 Tetrabis(tert -butyljstilbenequinone-analysis, isolation 
from polyethylene closures, synthesis from butylated hydroxytoluene 
catalyzed by titanium dioxide Butylated hydroxytoluene-conversion 
to tetrabidtert -butyl)stilbenequinone in polyethylene closures, catalyzed 
hy titanium dioxide 0 Polyethylene-drug packaging, discoloration, 
butylated hydroxytoluene conversion to tetrabidtert -butyl)stilbene- 
quinone catalyzed by titanium dioxide 0 Titanium dioxide-in poly- 
ethylene closures, catalysis of butylated hydroxytoluene discoloration 
reaction 


Polymers are widely used in industry as packaging ma- 
terials for food and drugs. As they age, they undergo oxi- 
dation uia a free radical mechanism initiated by heat, light, 
or radiation. One result is scission or branching in the 
polymer chain, leading to eventual degradation in the 
mechanical properties of the polymer. 


Antioxidants are added to the polymer in small amounts 
to prevent degradation. These substances can inhibit free 
radical formation and may become degraded instead of the 
polymer. Some antioxidants can convert to colored sub- 
stances. 


The oxidation products of antioxidants have been linked 
to the discoloration of polyethylene (1). An oxidation 
product of I caused a marked yellow discoloration of clear 
polyethylene (2). This colored compound was 3,3’,5,5’- 
tetrabis(tert-buty1)stilbenequinone (11). It has been iso- 
lated from cooking oil to which I was added (3). The cor- 
responding yellowing of pigmented polyethylene caused 
by I has not been reported. The pigment, titanium dioxide, 
is used extensively as an opacifier for food and drug 
packaging. 


This work was undertaken to isolate and identify the 
yellow discoloration product in titanium dioxide-pig- 
mented polyethylene in which I is the antioxidant and to 
evaluate the titanium dioxide role in the discoloration 
reaction. 


EXPERIMENTAL 


Closures-Commercially available, opaque, ophthalmic, 15-mm 
closures, consisting of polyethylene with 1.5% titanium dioxide as the 
pigment and I as the antioxidant, were used. Each closure weighed 
-0.2922 g with a specific gravity of 0.931. 


Extraction-Extraction was performed using a soxhlet extractor 
under defined reproducible conditions. 


Separation and Purification of 11-Column Chromatography-The 
silica gel column was purged with hexane, toluene, and chloroform. The 
yellow hand was removed using hexane and concentrated by blowing 
nitrogen on i t  a t  room temperature. 


TLC-Hexane-toluene (80:20, v/v) was used as the developing medium 
on silica gel 60 F 254,25-mm glass plates. On separation, the yellow hand 
was scraped off and reeluted for further purification. 


Spectrophotornetry-A spectrophotometer was used to determine 
spectra in the visible and UV regions. IR spectrophotometric analysis 
was performed with a beam condenser in conjunction with an ultramicro 
liquid cell. 


Mass Spectrometry-A mass spectrometer with a single-focusing 
magnetic mass analyzer was used. Temperature programming was such 
that spectra were obtained rapidly a t  increasing temperatures. All sam- 
ples were analyzed at 70 ev. 


NMR-An NMR spectrometer analyzed the sample in deuterated 
chloroform with tetramethylsilane as the internal marker. The sample 
was run a t  ambient temperature a t  100.1 MHz in the Fourier transfer 
mode using a computer. Chemical shift was expressed as 6 (delta) in parts 
per million. 


CLC-GLC analysis was a t  200° using a 3.08-m column (0.64 cm in 
diameter) with 10% SE-30 on 90-100-mesh packing. Nitrogen was the 
carrier gas with a flow rate of 60 ml/min. 


Quantification-The amount of I injected uersus response was gen- 
erated using the gas chromatograph. Twelve solutions of I in acetone 
ranging from 1.0 X g were prepared by linear stepwise 
dilution to quantify I in the 250-500-ppm region. Chlorot’orm was un- 
suitable hecause both spectral and analytical grades produced a response 
a t  the same retention time as I around or below 9.0 X g. With iden- 
tical extraction conditions, the amount of 1 extracted per hour from 
nondiscolored caps was determined. 


to 12.0 X 


RESULTS AND DISCUSSION 


A t  room temperature, the yellow material was slightly soluble in 
chloroform. A total of 913 closures, weighing 266.7786 g, was placed in 
this solvent. After the extraction procedure, they weighed 265.0773 g, a 
difference of 1.7013 g. A 10-pl injection of the concentrated crude extract 
into the gas chromatograph revealed 29 distinct substances. 


Spectrophotometric examination of an aliquot of the extract showed 
major ahsorption bands a t  418 and 442 nm and two minor ahsorption 
hands a t  396 and 218-233 nm. 
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Column chromatography separated the extract into a yellow band and 
a white polymeric band. 


After 10 TLC separations for purification, the yellow substance ex- 
hibited an IR spectrum identical to that obtained by Bohn and Campbell 
(4).  


Mass spectra were obtained a t  various temperatures. Below 1 lo', poor 
fragmentation occurred. Above 160°, the compound disintegrated. The 
ideal conditions for obtaining mass spectra were 110-160' and 70 ev. The 
mass spectrum obtained was similar to that obtained previously (2). 


The NMR spectrum was similar to that reported for I1 (6). Values of 
1.30 and 1.33 ppm resulted from tert-butyl groups. Peaks at  6.90 and 7.52 
ppm were due to the aromatic CH's. Peaks at  7.08 and 7.18 ppm were due . 
to the olefinic CH's. 


Based on the IR, mass, and NMK spectra, the yellow substance was 
assigned a quinoid structure with empirical formula C30H4202. Based 
on these spectral data, the structure of the isolated compound is: 


I1 
For quantification, 334.7895 g of discolored caps was extracted. The 


amount of I still present after discoloration was 47.7 ppm. After purifi- 
cation, 2.5 mg or 7.46 ppm of I 1  was obtained. 


Synthesis of Authentic Yellow Compound-The synthesis of the 
authentic yellow compound was carried out by a literature method (7). 
Compound 1 was put in an oven a t  100' for 2 weeks. The yellow material 
obtained was purified by column chromatography and TLC. The isolation 


and purification procedures were identical to those used for I1 extracted 
t'rom the closures. 


1R and mass spectra were recorded. The sample was smeared with 
mineral oil and sandwiched between two salt blocks to obtain the IR 
spectrum, which was similar to that obtained for 11. The mass spectrum 
was similar to that obtained for the unknown yellow substance. 


The mass spectrum exhibited base peaks a t  m/e 435,436, and 57. This 
compound was identical to that isolated from the polyethylene clo- 
sures. 


Synthesis of Yellow Compound by Catalytic Action of Titanium 
Dioxide-3,3',5,5'-Tetrabis(tert-butyl)stilbenequinone was obtained 
by adding 1.5 g of rutile titanium dioxide powder to 100 g of I. Yellowing 
was obtained within 24 hr at looo in an oven. The yellow compound was 
purified by the methods used for I1 and identified by IR and mass spectral 
analyses. The IR and mass spectra were similar to those reported previ- 
ously (2,471. Under identical conditions but without titanium dioxide, 
discoloration of I to form I1 only occurred after 2 weeks. 
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Abstract Dihydroquinidine is a commonly encountered contaminant 
in quinidine raw materials. The USP allows 0-20% dihydroquinidine in 
quinidine products, but the assays used to quantitate dihydroquinidine 
have been lengthy or have required sophisticated equipment. The present 
method separates dihydroquinidine from quinidine and provides rapid, 
precise quantitation of both dihydroquinidine and quinidine. The clinical 
importance of dihydroquinidine contamination of quinidine dosage forms 
remains unanswered. 


Keyphrases 0 Hydroquinidine-analysis, high-performance liquid 
chromatography, as contaminant in quinidine raw materials and .dosage 
forms Quinidine-analysis, high-performance liquid chromatography, 
hydroquinidine contamination in raw materials and dosage forms 0 
High-performance liquid chromatography-analysis, hydroquinidine 
contamination of quinidine raw materials and dosage forms 


Quinidine raw materials and dosage forms routinely 
contain dihydroquinidine as a contaminant. The amount 
of the dihydro derivative varies from 0 to 25% (l), although 
dosage form dihydroquinidine content is limited to 20% 
by the USP (2). Many methods reported for quinidine 
quantitation do not separate the dihydroquinidine con- 


taminant from quinidine. Previous methods for dihydro- 
quinidine quantitation in dosage forms and raw materials 
include TLC (3), NMR (4), chemical-ionization mass 
spectrometry (51, and normal phase high-performance 
liquid chromatography (HPLC) (3). These methods are 
time consuming or tedious or require expensive equipment. 
The described HPLC method separates the dihydroqui- 
nidine contaminant from quinidine and allows rapid, 
precise quantitation of both compounds. 


EXPERIMENTAL 


Apparatus-The high-performance liquid chromatograph was 
equipped with a multiwavelength UV detector' and a microparticulate 
C-18 column2. A filter3 with a 1.2-pm pore size was used for solution fil- 
tration prior to injection. 


Model 711 solvent delivery system with a Spectromonitor I 1  detector, Labo- 
ratory Data Control, Riviera Beach, Fla. 


Waters Associates, Milford, Mass. 
Millipore Corp., Bedford, Mass. 
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Abstract 0 Anomalous variations in the pKa values of variously sub- 
stituted morphine-type agonists and antagonists are interpreted as a 
reflection of long-range substituent effects operating in these molecules. 
Based on the operation of long-range effects, a mechanism is proposed 
by which substitution into the N-normorphine portion of morphine-type 
agonists and antagonists changes the activity of the parent molecule. 
Thus, a remote substituent would distort the whole molecule uia a con- 
formational transmission effect and thereby ( a )  change the fit between 
the opiate and its receptor; ( b )  change the electron density distribution 
throughout the molecule and, therefore, at the nitrogen; ( c )  modify the 
directionality of the lone-electron pair on the nitrogen; and ( d )  affect the 
pKa of the drug. The operation of long-range effects as proposed here 
could account for some of the anomalous changes in opiate activity ef- 
fected by substitution into the parent molecule. 


Keyphrases 0 Morphine-type agonists and antagonists-substituents, 
long-range effects, structure-activity relationships 0 Opiates-sub- 
stituents, long-range effects, structure-activity relationships Opiate 
receptors-effect of opiate substituents, structure-activity relationships 


Structure-activity relationships-substituted morphine-type agonists 
and antagonists 


The analgesic activity of morphine-type opiate agonists 
as well as the antimorphine activity of morphine-type 
opiate antagonists is influenced by substitution into the 
N-normorphine portion of these molecules (1). In that 
study (l), the activities of several series of closely related 
compounds were obtained by means of standard whole 
animal testing1. 


The data (1) did not lead, however, to an understanding 
of the process by which a substituent changes the opiate 
activity of the parent molecule. Often, the direction of the 
change was unexpected, in which cases the observed be- 
havior of the substituted opiate seemed to be “anoma- 
lous.” 


1 Analgesic and antimorphine activities were tested by the tail flick response 
in rats by the method of D’Amour and Smith (2). Drugs were injected subcuta- 
neously. 


Table I-Substitution Effect on the Antimorphine Activity of a 
Series of N-Allylnormorphines and N-Propylnormorphines a 


Relative Antimorphine Activity 
of 


N-Allyl- N-Propyl- 
Normorphine Moiety normorphines normorphines 


Unsubstituted 1.0 
3,6-Diacetyl 0.5 
7,s-Dihydro 0.7 
6-Desoxy 2.2 
7,8-Dihydro-6-desoxy 1.8 


7,8-Dihydro-3,6-diacetyl 0.1 
7,8-Dihydro-6-keto 1.3 


3-Methoxy-7,8-dihydro-6-desoxy 1.4 


1.0 
0.9 
1.9 
1.9 
0.2 
2.3 
0.1 
0.4 


Taken from Ref. 1. 


BACKGROUND 


Winter et al. (1) measured the antimorphine activities of two series of 
substituted opiate antagonists: N-propylnormorphines and N-allyl- 
normorphines. Identical substituents were introduced into the same 
positions of the N-normorphine moiety of these two parent antagonists 
so that the observed differences in activity between these two series did 
not reflect differences in the transport rate caused by the substituent per 
se. An examination of the data (Table I) reveals no apparent correlation 
between the structure (or position) of the substituent and the direction 
of antimorphine activity change caused by the substituent. 


These investigators (1) also found that the introduction of a common 
substituent into the N-normorphine moiety of morphine agonists and 
the corresponding antagonists (N-allylnormorphines) changed respective 
agonist and antagonist activities which were, as often as not, unrelated 
(Table 11). These data are difficult to rationalize, especially if one accepts 
the hypothesis that the same cavity of the opiate receptor accommodates 
morphine-type agonists and antagonists, as suggested in the opiate re- 
ceptor models of Goldstein (3) and Kolb (4) and as implied in some other 
opiate receptor models (5). 


Within the category of the compounds covered in Table 11, the fol- 
lowing example is intriguing: 3,6-diacetylmorphine (heroin) exhibits 2.4 
(6) or 2.5 (7) times the in uiuo analgesic activity of morphine*, and 1.45 


2 Ratio of EDm (milligrams per kilogram) relative to morphine from mouse 
hot-plate experiments. 
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Table 11-Typical Change of Analgesic Activity of Morphine Agonists or Antimorphine Activity of the Corresponding Morphine 
Antagonists as Caused by the  Change in the N-Normorohine Moietv of These Molecules. 


. 


Change in N-Normorphine 
Moiety of Morphine or N-Allyl- 


normorphine 


Analgesic Activity 
of Morphines 


Increased Decreased 


Antimorphine Activity 
of N-Allylnormorphines 


Increased Decreased 
- .- ~- - 


Muzzling the 3-hydroxyl + + b  +c 
Muzzling the 6.hydrox I ++ + 
Removal of 6-h droxyl ++ + Saturation of 7,8-doubL bond + 
Replacement ot6-hydroxyl by ketone ++ + 


- -~ 


a Based on quantitative data from Ref. 1.  A ++ indicates a large increase or decrease in activity. A + indicates a moderate increase or decrease in activity. 


times the i n  uitro receptor binding activity of morphine3.‘ (8). 6- 
Acetylmorphine is 4.2 times as potent an analgesic as morphine in uioo2 
(6). However, the corresponding acetylated antagonists, namely, N- 
allyl-3,6-diacetylnormorphine and N-allyl-6-acetylnormorphine, both 
show a lower antimorphine activity than their nonacetylated precursor, 
as illustrated quantitatively in Table I11 (1). 


The change in the activity5 of morphine agonists and antagonisk by 
the introduction of a substituent may be associated with the direct par- 
ticipation of the substituent in binding to the receptor (9). The data from 
Table I, however, indicate that this possibility alone cannot account for 
the differences in activity observed with the same substituents. 


The conclusions put forth here about the structure-activity relation- 
ships based on the i n  uivo study of Winter et al. (1) are meaningful if it 
is assumed that the concentrations of all of the structurally similar ana- 
logs compared are identical a t  the opiate receptor; the differences in 
potencies of these analogs, therefore, would be directly related to the 
respective differences in structure. While this assumption is usually 
implicit (9), exceptions have been reported. Sometimes even minor 
structural changes among the analogs significantly affect distribution, 
metabolism, or the ability of the compound to pass the blood-brain 
barrier (1 l), causing considerable differences in the analog concentrations 
in the brain. Qualification of the above assumption becomes irrelevant 
if the i n  uitro binding affinitiesS of these analogs to the opiate receptor 
are compared directly. 


Tables IV and V present the binding affinities of a series of opiates to 
opiate receptors prepared from rat brain homogenate without added 
sodium chloride. Under these binding conditions, agonists as well as 
antagonists compete for the same population of identical binding sites 
(12) at the receptor, and the binding affinities of agonists and antagonists 
are approximately the same (10). This testing mode provides a mean- 
ingful method of observing the substitution effect on the binding affinities 
of agonists and antagonists and, therefore, of mixed agonist-antago- 
nistse. 


Data from Tables IV and V reveal that the direction of change in the 
binding affinity resulting from the substitution into the parent molecule 
is not consistent and, therefore, is unpredictable. Thus, Table IV dem- 
onstrates that the binding affinity of oxymorphone exceeds that of 


Table 111-Relative Antimorphine Activities of N- 
Allylnormorphine and Its Acetyl Derivatives 


Compound 


Relative 
Antimorphine 


Activity 


N-Allylnormorphine (hydrochloride) 1.0 
N-Allyl-3,6-diacetylnormorphine (tartrate) 0.5 
N-Allyl-6-acetylnormorphine (sulfate) 0.3 


0 Taken from Ref. 1. 


Valueof K ,  (morphine)lK, (heroin) from data in Ref. 8. where K ,  = equilib- 
rium dissociation constant (9). 


Tested in guinea pig ileum. 
The activity is directly related to the binding affinity with the opiate receptor 


(10). 
In contrast. when bindin studiea are conducted with receptora prepared from 


rat brain homogenate to whicf sodium chloride is added, the binding of antagonists 
is enhanced while that of agonists is dramatidy diminished (12). Sodium has been 
reported to alter: ( a )  the number of binding sites for an agonist and antagonist, 
increasing the number for the latter but decreasing the number for the former (12; 
however, cf. 14); ( b )  the binding affinities of an agonist and an antagonist, enhancing 
that of the latter but decreasing that of the former (15, 16); and ( c )  the rate8 of 
dissociation and aseociation of opiate agonists and antagonists. accelerating the 
dissociation rate of the former while accelerating the association rate of the latter 
(e.g.. 15, 16). 


morphine while the relationship is reversed for their 3-methyl ethers, 
i.e., oxycodone and codeine. Therefore, the introduction of the same 
substituent in the same position of oxymorphone and morphine causes 
opposite effects on their binding affinities. 


The inconsistency of this pattern is further illustrated by the examplee 
in Table V. Thus, substitution of the N-methyl group with the N-ally1 
group may not change the binding affinity (levorphanol uersus levallor- 
phan), may improve the binding affinity (morphine uersus nalorphine), 
or may lower the binding affinity (oxymorphone uersua naloxone). As 
a consequence of this inconsistent pattern, the binding affinities of an 
N-methyl series ( e g ,  levorphanol, morphine, and oxymorphone equal 
1.0,3.0, and 1.0, respectively) do not necessarily follow the same order 
as the binding affinities of the corresponding N-ally1 series (levallorphan, 
nalorphine, and naloxone equal 1.0,1.5, and 1.5, respectively). 


To rationalize these anomalies exhibited by the i n  uivo as well as i n  
uitro systems, one has to gain more insight into the mechanism(s) by 
which a substituent in the opiate molecule influences its activity. One 
such mechanism is proposed here. 


EVIDENCE FOR LONG-RANGE SUBSTITUENT EFFECTS 


While trying to find an explanation for these opiate anomalies, the 
following question was posed: Might a substituent introduced in an opiate 
molecule impart long-range effects7? That is, might the presence of this 
substituent distort the whole molecule and thereby change the fit be- 
tween the opiate and its receptor, and might it also change the electron 
density distribution throughout the molecule and, therefore, a t  the ni- 
trogens? 


This question is valid since such long-range substituent effects have 
been reported for other large and rigid molecules: steroids (e.g., 17, 23, 
24, 31-34), triterpenes (24, 251, spiranes (351, and sparteines (36). Al- 
though long-range effects in morphines have not been reported, it is not 
unreasonable to predict that these effects should operate within the rigid 
morphine frame also. Long-range inductive effects are transmittedg by 
all available bonds between the substituent and remote sites. The net 
effect is believed to be the sum of the individual effects (19-22). Elec- 
trostatic field effects should be prominent in morphines due to their 
T-shape, which enables a relatively close steric relation of “T-arms” with 
“T-body.” Conformational transmission effects are to be expected on the 
basis of the work of Barton and coworkers (23-25) who showed that in 
large, rigid, polycyclic structures, a local conformational distortion caused 
by a local strain is transmitted through the entire molecule by a slight 
flexing of bond angles and torsional angles. In this way, the strain is 


Table IV-Receptor Binding Affinity (ECm of Stereospecific 
3H-Naloxone Binding to Rat Brain Homogenates; No Sodium 
Chloride) 


Compound ECm, nm Reference 


Morphine 3.0 12 
Oxymorphone 1 .o 12 
Codeine 20.000 13 
Oxvcodone 30,000 13 


’ Long-range effects are the effects of remote structural features on reactions 
in organic molecules (17). A substituent in a rigid molecule can influence reactivity 
at remote centers in three distinct ways: inductive effects (17-22), electrostatic field 
effects (17), and conformational transmission effects (17.23-25). 


8 It is generally agreed that an absolutely necessary feature of an opiate molecule 
is its basic nitrogen (26). It is believed that the opiate nitrogen interacts with the 
opiate receptor either uia its lone electron pair (4,27) or in its protonated form (e.g., 
28-30). In either case, the electron density on the nitrogen would appear to be rel- 
evant to the opiate activit . 


9 Subject to the normdexponential decrease of the effect with distance (18). 
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Table V-Receptor Binding Affinitya (ECse of Stereospecific 
3H-Naloxone Binding to Rat Brain Homogenates; No Sodium 
Chloride) 


Comuound ECw. nm 


Levorphanol 
Levallorphan 
Morphine 
Nalorphine 
Oxymorphone 
Naloxone 


1 .o 
1 .o 
3.0 
1.5 
1.0 
1.5 


(I Taken from Ref. 12. 


I 


Ia Ib Ic Id 


Ie I/ k Ih 
shared by the whole structure, and the effect of the resulting distortions 
is transmitted to a remote site, thereby influencing the reaction rate. The 
mechanism of conformational distortion transmission within a polycyclic 
framework also was studied (35,37). 


In this context, the following example of the operation of the long-range 
effects in steroidal phenols (estrone derivatives) is striking. Legrand et 
al. (32) observed that the pKa values of steroidal phenols (la-Ih) changed 
with the nature of the substituent in the 17-position, which is nine car- 
bons away from the phenolic OH. They attributed these results to the 
operation of long-range effects (Table VI). 


It is reasonable to believe, therefore, that similar long-range effects 
in morphine systems (11-VII) would be manifested by changes in pKa 
values with alteration of remote substituents. Indeed, the anomalous 
variations in the pKa values of a series of substituted morphines (38) 
provide convincing support for the operation of long-range effects here 
too. Thus, data in Table VII show that the substituent on nitrogen in- 
fluences not only the acidity of the amino nitrogen but also that of the 
phenolic hydroxyl seven atoms away (cf., I1 and 111 and V-VII). Con- 
versely, the substituent on the phenolic oxygen influences the pKa of the 
amino nitrogen (cf. ,  I1 and IV). 


DISCUSSION 


Extrapolation of these data suggests the generalization that the in- 
troduction of a substituent in a morphine molecule is likely to affect its 


Table VI-Dependence of pKa Values of Steroidal Phenols on 
the Substituent in the 17-Position a 


ApKa (in 
CH30H- 


Compound CH30Na) 


Estrone (Ia) 0.10 
D-Homoestrone (Ib) 0.09 
Progesterone (Ic)  0.07 
3-Hydroxy-1,3,5( 10)-estratriene (Id) 0.01 
3-Hydroxy-17-meth lene-l,3,5(10)estratriene (Ie) 0.02 


17ru-Estradiol (Ig) 0.02 
D-Homoestradiol (Ih) 0.00 


170-Estradiol (stanJard) (If) 0.00 


(I Taken from Ref. 32. These pKa values (pKa 170-estradiol - pKa compound) 
were obtained by statistical interpretation of the results from several pKa mea- 
surements. 


HO 
11: morphine 111: N-allylnorrnorphine 


(nalorphine) 


IV: codeine V: oxymorphone 


VI: naloxone VII: naltrexone 


HO 
VIII: oxycodone IX: levorphanol 


HG=HC-H& 


HO 
X: levallorphan 


pKa. The pKa of a morphine influences its transport rate (38) which, in 
turn, influences the in uiuo activity. The in uitro binding affinity, being 
a thermodynamic value (39), also is influenced by the pKa value of the 
compound in questionlo. It is quite possible, however, that the actual 
binding of the morphines to the receptor in the process that elicits the 
biological response is kinetically controlled"; if so, the intrinsic drug 
activity is not necessarily influenced by pKa (thermodynamic) values. 


Introduction of a substituent in a rigid molecule like morphine is likely 
to cause distortions of bond angles and torsional angles locally as well as 
throughout the molecule. For example, X-ray studies of morphine (41) 
and codeine (42) revealed a difference of about 3' in their T-angles. These 
distortions could cause a change in the fit between the opiate and its re- 
ceptor that may be large enough to influence the opiate activity. These 
distortions may also cause a change in the directionality of the lone- 
electron pair on the nitrogen, and such a change would influence the 


' 0  This reasoning is valid whether the free (4,27) or protonated (e.g., 28-30) amine 


l1 For example, one could easily visualize "clastic binding" (40). which involves 
function is the actioe species at the receptor. 


an electron-transfer reaction, as kinetically controlled. 
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Table VII-pKa Values of Some Morphine-Type Opiate Agonists 
and Antagonists a (1955). 


(6) 0. J. Braenden, N. B. Eddy, and H. Halbach, Bull. WHO, 13,937 


pKab (in Water) 
&a1 oKa9 


( ~ i o t o i  on (PLenGlic 
Compound Temperature Nitrogen) Hydrogen) 


Morphine‘ 20° 8.02 9.76 


N-Allylnormorphined 20° 7.73 9.36 
37O 7.59 9.28 


Codeinee 20° 8.18 - 
37O 8.10 - 


37O 7.93 . 9.63 


Oxymorphoned 200 8.25 9.71 
37O 8.17 9.54 


Naloxoned 200 7.94 9.44 
37O 7.82 9.25 


Naltrexoned 20° 8.38 9.93 
37O 8.13 9.51 


Taken from Ref. 38. The Ka values were measured by a microelectrometric 
titration method. Each pKa varue represents the average of at least five determi- 
nations, and the maximum deviation from the given value is f0.02. c Sulfate. 


Hydrochloride. e Phosphate. 


opiate activity according to Belleau et al. (27) and Kolb (4). Belleau et 
al. (27) pointed out that (referring to the activities of N-methylmor- 
phinans uersus N-methyl-D-normorphinans): “It appears probable then 
that conformational transmission of subtle distortions effects in the lone 
pair orientation of morphinans and related analogs may account at least 
in part for structurally induced variations in their pharmacological 
properties.” 


A substituent introduced in the morphine molecule also would influ- 
ence the electron density distribution throughout the molecule; the ni- 
trogen atom would certainly be affected. The electron density on the 
nitrogen seem to be relevant to opiate activity (see footnote 8), especially 
if one accepts the elastic binding hypothesis proposed by Belleau and 
Morgan (401, which invokes a stereospecific electron transfer from the 
lone electron pair on the opiate nitrogen to the receptor. Electron transfer 
processes are known to depend greatly on the electron density of the 
electron donors (43). 


Evaluation of long-range effects of substituents is complicated by the 
fact that these effects are not necessarily additivelz. Net substituent ef- 
fects Within steroids were studied quantitatively by Barton et al. (24) who 
actually measured the “group-rate factors” for a series of substituents12. 
Unfortunately, such quantitative data are not yet available for mor- 
phines. 
All of these possible processes by which a substituent in the morphines 


influences the opiate activity via long-range effects are variations of the 
proposed general “long-range effect” mechanism. 


Finally, the following comparison between the morphines and the es- 
trones (and some other steroidal hormones) can be made: both classes 
of compounds are large, rigid, biologically active molecules that interact 
with their respective receptors by a lock-and-key mechanism (44,45), 
and both classes of compounds exhibit long-range effects. The importance 
of these effects to the biological activity of steroids is already recognized 
(34). An intriguing question arises: Is the long-range effect mechanism 
a general mechanism by which a fine tuning of the biological activity is 
achieved in all rigid molecules that act at the receptor? An answer may 
be forthcoming. 
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Abstract A modified electron-capture GU= assay for metoclopramide 
in human biological specimens is reported. This assay involves the in- 
corporation of a back-extraction method to remove endogenous con- 
taminants. Its applicability was demonstrated by studying the time 
course of metoclopramide in plasma and urine from a human subject. The 
lowest quantifiable metoclopramide concentration in plasma was 7 ng/ml, 
provided 0.5 ml of plasma was used. 


Keyphrases 0 Metoclopramide-analysis, electron-capture GLC, 
human plasma and urine Antiemetic agents-metoclopramide, elec- 
tron-capture GLC analysis, human plasma and urine GLC, electron 
capture-analysis, metoclopramide, human plasma and urine 


A highly sensitive electron-capture GLC assay was de- 
veloped recently for the determination of metoclopramide 
(I), mol. wt. 299.81, in biological specimens from the rat (1). 
However, when the same procedures were used to analyze 
human plasma, quantitation of I was impossible due to 
interferences from endogenous substances (Fig. la). A 
slight modification of this method, involving a "cleanup 
step," successfully removed endogenous substances from 
the human plasma samples. The purpose of this report is 
to describe this improved assay. 


EXPERIMENTAL 


Materials-Metoclopramide monohydrochloride monohydrate' (11) 
(mol. wt. 336.31), benzene*, 4% ammonium hydroxide3, 1 N NaOH4, 5 
N NaOH4, 1 N HCF, heptafluorobutyric anhydride6 (III), and diazepam7 
were used. 


GLC-A reporting gas-liquid chromatographs equipped with a 
63Ni-electron-capture detector (63Ni-15 mCi). and a 1.2-m X 2-mm i.d. 
glass column, containing 3% OV-225 coated onto 80-100-mesh Chro- 
mosorb W, was used to analyze plasma samples. The operating temper- 


H J  Q!-NH-cHzcHz-N /CZH, 


'C,H, 
OCHj 


I 


Analysis No. 9207, A. H. Robins, Montreal, Canada. 


Reagent ACS code 1293, Allied Cfxernical Canada Ltd., Pointe Claire, Quebec, 


Mallinckrodt Chemical Works, St. Louis, Mo. 
Reagent ACS, Allied Chemical Canada Ltd., Pointe Claire, Quebec, 


Pierce Chemical Co., Rockford, Ill. 
Lot R-6685, Hoffmann-La Roche, Montreal, Canada. 
Hewlett-Packard model 5840. 


2 Distilled in glass, Caledon, Geor etown, Ontario, Canada. 


Canada. 


Canada. 


atures for routine analysis were: injection port, 250'; oven, 245'; and 
detector, 350'. The carrier gas (95% argond% methane) flow rate was 
40 ml/min. For urine analyses, all GLC conditions were identical except 
that a 0.6-m X 2 mm-id. 3% 0,V-225 column was used and the oven 
temperature was 230'. 


Extraction Procedure-Plasma-A 0.5-ml sample of human plasma 
(blank) was spiked with serial concentrations of I1 (concentration 
equivalent to 7-93 ng of I/ml of water) (Table I). To each spiked sample, 
0.5 ml of 1 N NaOH was added. The final volume was made up to 2 ml 
with water (pH N 12). The aqueous phase was extracted with 8 ml of 
benzene by shaking with a wrist-action shakerg for 15 min. After cen- 
trifugation at  3000Xg for 10 min, 7 ml of the organic phase was removed 
and back-extracted (extraction time, 15 min) with 2 ml of 1 N HCl. 


The benzene layer was aspirated, and the safnple was washed two times 
with benzene (4 ml each). The remaining aqueous layer was alkalinized 
with 0.5 ml of 5 N NaOH (pH N 12). Finally, this layer was extracted with 
6 ml of benzene (extraction time, 15 min). A 5-ml aliquot of the organic 
phase was removed and dried under a gentle nitrogen stream at ambient 
temperature. The residues were reconstituted with 0.5 ml of internal 
standard solution (50 ng of diazepamlml of benzene). 


Urine-A 0.1-0.5-ml volume of urine containing I was extracted in the 
same manner as described by Tam and Axelson (1). 


Derivative Formation and Quantitative Analysis-A 2 0 4  volume 
of I11 was added to the reconstituted solution. The reaction mixtures were 
incubated at  55' for 10 min. Excess I11 was removed by hydrolysis with 
0.5 ml of water and neutralization with 0.5 ml of 4% NH40H (1). A 5-pl 
volume of the derivative solution was injected into the reporting gas- 
liquid chromatograph by an automatic sampler. Quantitative estimation 
of I in human plasma and urine samples was accomplished by plotting 
the area ratios of the derivative and the internal standard against a range 
of solutions of known I concentration. 


Human Study-A 20-mg metoclopramide monohydrochloridelo (IV) 
dose was administered orally to a fasted normal healthy volunteer during 
a drug interaction study with griseofulvin. Five-milliliter blood samples 
were withdrawn atO, 0.25,0.5,0.75,1.0,1.5,2.0,3.0,4.0,5.0,6.0,8.0, and 
24 hr after drug administration. The blood samples were immediately 
centrifuged, and the plasma was separated. Cumulative urine samples 
were collected up to 96 hr after drug consumption. Both the plasma and 
urine samples were stored at  -20' until analysis. 


Table I-Quantitative Metoclopramide Estimation in Human 
Plasma 


Metoclopramide 
Concentration, 


ng/ml na Area Ratio SD 


7 
15 
37 
56 
93 


0.409 f0.03 
0.812 f0.05 
2.i40 f0.25 
2.935 f0.20 
4.768 f0.36 


a Each n is the average of three injections. 


Q Patent pending, Burrell Corp., Pittsburgh, Pa. 
lo Maxeran tablets (10 mg), Nordic, Laval, Quebec, Canada. 
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diographs shows that a considerable amount of carbon-14 persisted in 
the body. In addition, as shown previously (12), a lag period might exist 
before the elimination of the polymer. 


The long period of nanoparticle accumulation at the injection site after 
intramuscular administration correlates well with the previously observed 
prolonged adjuvant activity of these particles (1,6). This prolonged ac- 
tivity was especially pronounced after incorporation into larger amounts 
of polymer and in comparison to other adjuvants (1). 


The attraction of the nanoparticles to the immune system has already 
been mentioned. However, transporation of the adjuvant from the ad- 
ministration site is not necessary for a good immune response. This is also 
the case with other adjuvants (16,17). In contrast to these other adjuvants 
(16-18), poly(methy1 methacrylate) nanoparticles did not induce gran- 
ulomas in guinea pigs within 1 year (6). Histological reactions were the 
same as with the fluid control. In spite of the long-term persistence at the 
injection site, poly(methy1 methacrylate) nanoparticles might be an 
improvement over the presently used adjuvants from a toxicity stand- 
point; the other adjuvants also persist a t  the site of injection, but they 
exhibit much stronger adverse histological reactions (16-19). 
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Abstract 0 The analysis of plasma cyclazocine by two methods is de- 
scribed. The radioimmunoassay employed a *251-labeled radioligand, 
rabbit antiserum, and separation of bound from free cyclazocine with a 
second antibody. The radioimmunoassay was specific for cyclmine and 
had a detection limit of -20 pg/ml. The GLC method employed a mass 
spectrometer as the detector and had a detection limit of -109 pg/ml. 
Both techniques had acceptable accuracy and precision when used to 
quantitate cyclazocine in dog and human plasma. The methods were used 
successfully to quantitate cyclazocine from beagle hounds receiving 0.5 
mg of 3H-cyclazocine/kg iv. The decline in plasma cyclazocine fitted a 
two-compartment body model with a mean plasma clearance rate of 39.2 
liters/hr. 


Keyphrases 0 Cyclazocine-analysis, GLC-mass spectrometry, ra- 
dioimmunoassay, human and dog plasma, pharmacokinetics 0 Analge- 
sics-cyclazocine, GLC-mass spectrometric analysis, radioimmunoassay, 
human and dog plasma, pharmacokinetics 0 GLC-mass spectrome- 
try-analysis, cyclazocine, human and dog plasma Radioimmunoas- 
say-analysis, cyclazocine, human and dog plasma 


Cyclazocine, (2a,6a,llR*) - (k) - 3 - (cyclopropylmethy1)- 
1,2,3,4,5,6-hexahydro -6,l l-  dimethyl-2,6-methano-3- 
benzazocin-8-01 (I), is a member of the benzomorphan 
series (1). It is a relatively long-acting, orally effective 
narcotic antagonist (2) and may find clinical usefulness in 
the treatment of opiate dependence (3). Doses as low as 
0.1-0.25 mg PO have provided effective pain relief in hu- 
mans (4). 


Previously reported analytical methods for cyclazocine 
include TLC (5) and GLC (6). These methods have a de- 


tection limit of -10 ng/ml. From these laboratories, a ra- 
dioimmunoassay using 3H-cyclazocine was previously re- 
ported (7) with a sensitivity of -3 ng/ml. The antibody 
dilution was 1:50, and the antiserum for this assay was soon 
exhausted. 


To estimate accurately the cyclazocine concentration 
in plasma following low oral doses, a sensitive measure- 
ment method is needed. This article reports the develop- 
ment of two new analytical methods: a radioimmunoassay 
using a 1251-labeled cyclazocine derivative and a a GLC 
method using a mass spectrometer as the detector. Both 
techniques demonstrate sensitivity in the picogram range. 
These assays have been used to measure cyclazocine added 
to human and dog plasma. The techniques successfully 
measured cyclazocine in the plasma of dogs receiving 0.5 
mg/kg iv. The pharmacokinetic parameters were deter- 
mined from the radioimmunoassay data. 


EXPERIMENTAL 
Radioimmunoassay-Solutions-Phosphate-buffered saline was 


prepared by dissolving 8.17 g of NaCl, 0.50 g of NaH2PO.pH20,1.07 g of 
Na2HP04, and 0.095 g of thimerosal’ in 1 liter of distilled water and ad- 
justing to pH 7.0. The assay buffer contained 0.1% (w/v) gelatin dissolved 
in phosphate-buffered saline. Nonimmune normal rabbit serum was 
diluted 1:500 in phosphate-buffered saline containing 0.05 M edetate 


Sigma Chemical Co., St. Louis, Mo. 
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477- 
CH, 


Table I-Relative Affinities of Cyclazocine and  Related Compounds to  the  Antiserum R, 


Compound (Trivial Name) RP R3 


Relative 
Affinity 


I (cyclazocine) -OH -H 


-H -H 


1 .ooo 


0.4500 


0.2000 / \  
V -OH -H -CH,-CH CH, 


VI -OH 


VII (ketazocine) -OH 


-H 


=O 


0.2000 


0.0200 


0.0080 VIII (pentazocine) -OH -H 


IX -OH -OH 
-CH,CH-CHI 


\ /  0.0020 
CH, 


X (norcyclazocine) -OH -H -H 0.0008 
XI -H -H -H 0.0006 


XI1 -0CH3 -H -H 0.0004 


N C H , ~  @p== CH, 


OR 
I: R=-H 


11: R = -(CH,),COOH 
111: R = -(CH,),CONHCH(p-hydroxyphenyl)CO,CH, 


disodium2. Iodination buffer contained 0.5 M Na~HP04-0.5 M NaHZP04 
(4:l) adjusted to pH 7.5. Dilute iodination buffer was the same buffer 
diluted 1 : l O  with distilled water. 


Preparation of Cyclazocine Antiserum-A carbodiimide condensation 
(8) was performed to conjugate a cyclazocine hapten3 (11) with bovine 
serum albumin. A trinitrobenzenesulfonic acid determination of free 
amine groups (9) indicated that approximately 14 hapten molecules were 
attached to each albumin molecule. The hapten-protein conjugate 
(1.0-2.0 mg) was emulsified in complete Freund's adjuvant4 and injected 
intradermally at  multiple sites on the backs of Dutch belted rabbits. 
Conjugate (1.0 mghabbit) in incomplete Freund's adjuvant was admin- 
istered as a booster immunization at  -3-week intervals. The rabbits were 
bled periodically uia the marginal ear vein, and serum was obtained. 


Preparation of Second Antibody-Anti-rabbit y-globulin was raised 
in two castrated rams. Rabbit y-globulin5 (0.5 mg) emulsified in complete 
Freund's adjuvant was injected intradermally a t  multiple sites in the 
rump. Booster immunizations in incomplete adjuvant were administered 
at  monthly intervals. The sheep were bled at 2-week intervals, and serum 
was obtained. Serum from numerous bleedings was pooled, and the titer 
of the second antibody (1:16) was determined by a danazol assay (10). 


Radioiodination-A modification of the Greenwood and Hunter (11) 
method was used to radioiodinate a methyltyrosinate derivative'(II1) of 
cyclazocine at  room temperature. A methanol solution of 111 (10 pg) was 
mixed with 50 p1 of iodination buffer. Sodium 125I-iodide6 (1.0 mCi) was 
added, the vial was stoppered, and the contents were mixed gently. Dilute 
iodination buffer, 15 pl, containing 30 pg of chloramine-T7 was added, 


* Edetate disodium, Sigma Chemical Co., St. Louis, Mo. 
3 4-[3-~Cyclopropylmethyl)-1,2,3,4,5,6-hexahydro-cis-6,11-dimethyl-2,6-meth- 


ano-3-benzazocin-8-ylox ] butanoic acid methanesulfonate. 
Difco Laboratories, betroit, Mich. 
Fraction 11, Miles Laboratories, Kankakee, 111. 
New England Nuclear, Boston, Mass. 
Eastman Kodak, Rochester, N.Y. 


Table 11-Estimated Cyclazocine Concentration by 
Radioimmunoassay in  Human Plasma Samples Supplemented 
with Cyclazocine 


C yclazocine 
Added, Assayed Meann, pg/ml 
a d m l  Dav 1 Dav 2 


50 50.2 (6.0, +0.3)b 51.2 (8.2, +2.5) 
100 98.4 (5.3, -1.6) 99.8 (6.6, -0.3) 
200 209 (4.3, +4.5) 198 (7.0, -0.8) 
500 520 (2.9, +33) 517 (2.0, +3.4) 
800 799 (2.7, -0.1) 867 (2.4, +8.3) 


1000 931 (1.7, -6.9) 1010 (2.7, +0.8) 


(I n = 12. Numbers in parentheses are the percent standard errnr and the percent 
difference from expected, respectively. 


and the mixture was allowed to react for 2 min. The reaction was stopped 
by 60 pg of sodium metabisulfite in 30 pl of dilute iodination buffer. 


One hundred microliters of a solution containing sucrose (16% w/v) 
dissolved in assay buffer was added, and the contents of the vial were 
transferred to a gel filtrations column previously equilibrated with assay 
buffer. A solution containing 8% (w/v) sucrose dissolved in assay buffer 
(70 pl) was used to rinse the vial, and the wash solution was added to  the 
column. The column eluate was collected in 1.0-ml fractions, which were 
counted to locate the radioiodinated derivative. 


Assay-Duplicate unknown or standard plasma samples (2.0 ml) were 
measured into extraction tubes (15 X 85 mm). The standards contained 
50-1000 pg of cyclazocine/ml. Extraction buffer (0.2 ml), consisting of 
a solution saturated with both sodium bicarbonate and sodium carbonate, 
was added to each tube. A solution containing 5% (v/v) of ethanol in 
toluene (7 ml) was added, and the tubes were shaken mechanically for 
15 min. The tubes were centrifuged, and aliquots of the organic phase 
were transferred to assay tubes (12 X 75 mm). The solvent was evaporated 
under a nitrogen stream, and the residue was suspended in 0.5 ml of assay 
buffer. The tubes were mixed, covered, and allowed to remain overnight 
a t  4'. 


The cyclazocine antiserum (200 pl) a t  a 1:12,000 dilution in normal 
rabbit serum was added to each tube. Radioiodinated I11 (100 pl) was 
added, and the tubes were incubated for 4-6 hr a t  4'. Appropriately di- 
luted second antibody (200 pl )  was added, and the incubation was con- 
tinued for an additional 12-18 hr. After incubation, 2.5 ml of cold phos- 


Sephadex G-25-150, Sigma Chemical Co., St. Louis, Mo 
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Table 111-Estimated Cyclazocine Concentration by GLC-Mass 
Spectrometry in Human Plasma Samples Supplemented with 
Cyclazocine 


Cyclazocine 
Added, Assayed Meana, pg/ml 
pdml Day 1 Day 2 .- 


300 342 (2.0, + 13.9) 307 (9.1, +2.2) 
450 449 (1.7, -0.3) 506 (0.8, +12.5) 
600 530 (4.7, -11.7) 609 (5.4, +1.5) 
800 760 (0.2, -5.0) 844 (15.7, +5.5) 


1500 1320 (1.0. -12.2) 1560 (2.0. +4.2) 


0 n = 3. b Numbers in arentheses are the percent standard error and the percent 
difference from expectej, respectively. 


phate-buffered saline was added, and the tubes were centrifuged at  
2200Xg for 30 min; the supernates were decanted, and the precipitates 
were counted. The computer program, based on a weighted least-squares 
regression analysis (12), used the reciprocal of the variance as the weight 
for the individual points on the standard curve. 


GLC-Mass Spectrometry-Glassware and Solutions-All test tubes 
were thoroughly cleaned with concentrated chromic acid; rinsed several 
times with water, 5% aqueous ammonia, deionized water, and methanols; 
and oven dried. All tubes were silanized using 5% dichloro- 
dimethylsilane in toluene. Saturated potassium carbonate-potassium 
bicarbonate buffer was extracted twice with an equal volume of toluene 
prior to use. 


Assay-Cyclazocine (100 ng/ml of methanol) was added to plasma to 
produce duplicate 300-3000-pg/ml standards. Plasma (1.0 ml) was added 
to a tube, followed by 3 ng of internal standardlo and 0.3 ml of buffer. The 
sample was extracted twice with 5 ml of benzene", and the combined 
extracts were evaporated to dryness. Trimethylamine, 100 pl of a 0.002 
M solution in benzene, and pentafluorobenzoyl chloride, 20 p1 of 1:lOO 
(v/v) in benzene, were added to the tube. The tube was mixed and allowed 
to stand at  room temperature for 15 min. Benzene (0.3 ml) was added, 
the tube was mixed, and the benzene was evaporated as described. 


The residue was dissolved in 20 pl of toluene, and a 5-pl aliquot was 
analyzed on a GLC-mass spectrometer12 operated in the chemical-ion- 
ization mode, employing a selected ion monitor program. The conditions 
were as follows: 91.44-cm glass column13; column temperature, 260O; 


Standard 


I 
1 .o 


MINUTES 
Figure 1-Selected ion chromatogram of processed human plasma 
containing 3.0 ng of internal standardlml and 1.2 ng of cyclazoeinel 
ml. 


9 Analytical reagent, Mallinekrodt, St. Louis, Mo. 
I" 1,2,:1,4,5.fi-Hexahydro-6(ry-),I I(ax)-dimethyl-R-(3-methylbutyl)-2,6-methzi - 
11 Nanograde, Mallinckrodt, St. Louis, Mo. 
12 Model 5982, Hewlett-Packard. 
13 Three percent SP-2100 on 100-200-mesh Gas Chroni Q, Supelco, Bellfonte, 


MI-3-henzazocin-8-01. 


Pa. 


Table IV-Mean 8 Cyclazocine Concentration in  Dog Plasma 
after 0.5 me: of 3H-Csclazocine/ka iv 


Values Values Values 
Obtained Obtained Obtained 
by Radio- by GLC-Mass by Extractable 


immunoassay, Spectrametry, Radioactivity, 
Hours ndml ndml ng/ml 


0.016 
0.050 
0.083 
0.166 
0.250 
0.500 
0.750 
1.00 
1.50 
2.00 
4.00 


171 f 26 164 f 37 130 f 19 
126 f 21 119 f 23 107 f 14 
94 f 6.1 73 f 13 95 f 6.8 
99 f 7.3 85 f 14 78 f 5.2 
93 f 4.8 87 f 2.0 65 f 4.4 


35 f 3.4 49 f 5.0 23 f 1.8 
21 f 1.5 22 f 2.0 16 f 1.9 
11 f 2.8 9.5 f 1.6 8.0 f 0.9 


9.6 f 0.6 9.0 f 0.96 4.9 f 0.7 
1.5 f 0.03 


56 f 10 60 f 21 36 f 3,5 


- b - C  


C 


C - C  


0.89 f 0.05 - 6.00 0.8 f 0.05 
24.0 0.22 f 0.09 - 


0 Mean f SE of three animals. b Not analyzed. c Below detection limits. 


injection port temperature, 300'; source temperature, 200'; methane 
carrierheactant gas, 10 ml/min at 0.8 torr; 230-ev electron energy; and 
60-mamp emission. The two programs were: (a) mle 466, MH+, penta- 
lluorobenzoyl derivative of cyclazocine, 50-msec dwell time; and ( b )  m/e 
482, MH+, pentafluorobenzoyl derivative of internal standard, 50-msec 
dwell time. 


Pharmacokinetic Study in Dogs-Three female beagle hounds were 
medicated intravenously with 0.5 mg of 3H-cyclazocine/kg14. The dose 
was prepared as a 1-mg/ml solution of cyclazocine in physiological saline 
containing 1% lactic acid. The specific activity of the dose was 1.12 X lo9 
dpm/mg. 


Blood samples were collected from an indwelling venous catheter at 
appropriate intervals, using potassium oxalate as the anticoagulant. The 
samples were centrifuged to separate the plasma An aliquot was counted, 
and the remainder was frozen until analyzed. When necessary, plasma 
samples were diluted with control dog plasma prior to analysis. 


Another plasma sample (0.2-0.5 ml) was extracted as described for the 
radioimmunoassay procedure. Cyclazocine (5 pg) and norcyclazocine (5 
4g) were added to each extract, which was evaporated to dryness. The 
residue was dissolved in 100 pl of toluene-methanol (1:l v/v). A 10-p1 
aliquot was counted in BiofluoF; radioactivity was measured, and the 
counting efficiency was determined by the channels-ratio method. The 
remaining extract was analyzed by T L P  with a solvent system of tolu- 
ene-methanol-isopropylamine (80203 v/v/v). 


\ T 


1.0' 1 I , , I 
1 2  4 6 12 18 24 


HOURS 
Figure 2-Plasma leuels of total 1.) and extractable (0) radioactivity 
after intravenous administration of 0.5 mg of 3H-cyclazocine/kg to 
beagle hounds (n = 3, mean f SE). 


l4 Amersham, Arlington Heights, Ill. 
l5 Silica gel, E. M. Laboratories, Elmsford, N.Y 
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Table V-Pharmacokinetic Parameters  for  Cyclazocine Disappearance from Plasma of Beagle Hounds following an Intravenous Dose 
of 3H-Cyclazocine (0.5 mg/kg) 


Apparent 
Plasma Volume of Area under 


Animal Rate Constants, hr-1 Clearance Distribution at Terminal Curve, 
Weight, kg k12 kz1 k 10 Rate, liters/hr Steady State, liters t l /za,  min ng hr-’ ml 


~ ~~ 


7.0 0.46 0.08 1.50 33.2 152 702 99.8 
7.4 0.37 0.11 1.52 43.6 122 460 86.5 
8.2 0.13 0.13 1.22 41.0 67.5 349 108 
Mean 0.32 0.11 1.41 39.2 114 504 98.0 


f S E  f0.09 f O . O 1  f0.09 f3.13 f24.8 f104  f6.21 
0.693 Calculated from ~ 


1/2 Kkiz i- k z i  + kio) - [(hi:! + kz1 i- k i d 2  - 4 k 1 2 k z i ] ” ~ l ’  


RESULTS AND DISCUSSION 
The rabbits produced antiserum within 5 months, and the antiserum 


titer ranged from 1:lOOO to 1:15,000. The antiserum dilution that was 
chosen as the most sensitive and specific was 1:12,000, equivalent t o  a 
1:60,000 final dilution in the assay tube; this dilution resulted in 45-505’0 
radioligand binding. 


The antiserum specificity was assessed by determining the ability of 
related compounds to compete with the radioiodinated I11 for binding 
to the antibody. The amounts of each compound required for 50% dis- 
placement of radioactivity were determined by comparison with cycla- 
zocine standard curves to arrive at  a relative affinity (13). The antiserum 
exhibiting the least cross-reactivity was selected for all subsequent work. 
The relative affinities of the related compounds for this antiserum are 
shown in Table I. Three compounds (IV-VI) demonstrated affinity for 
the cyclazocine antibody. However, these compounds are not metabolites 
and, therefore, pose no problem. The known metabolite (norcyclazocine, 
X) (14.35) showed little affinity for the cyclazocine antiserum. 


The sensitivity or detection limit of the assay is defined as the smallest 
amount of compound that is significantly different from zero a t  the 95% 
confidence limits (16). Thus, the detection limit in human plasma was 
-20 pg/ml; it was -25 pg/rnl in dog plasma. 


Exogenous cyclazocine was quantitated accurately when varying 
amounts were added to human plasma, extracted, and assayed in the 
cyclazocine radioimmunoassay system (Table 11). One set of samples was 
analyzed immediately after preparation (Day l), and a second set was 
analyzed after storage in the frozen state for several days (Day 2). No 
statistical difference was found between standards prepared in dog and 
human plasma. The assay accuracy ranged from 6.9 to 8.3% over 50-1000 
pg/ml. The assay had acceptable precision with a maximum within- 
concentration standard error of 8.2%. 


The GLC-mass spectrometric analysis of plasma standards indicated 
that the relationship between peak area ratio and cyclazocine concen- 
tration fitted a linear model over the 300-3000-pg/ml range. The retention 
times for cyclazocine and the internal standard, as their pentafluo- 
robenzoyl derivatives, were both -0.9 min; separation was dependent 
on the selective ion monitoring capability of the instrument (Fig. 1). 


Exogenous cyclazocine was quantitated accurately (Table 111) when 
varying amounts were added to human plasma. The accuracy ranged from 
12.2 to 13.970, and the method had acceptable precision with a maximum 
within-concentration standard error of 15.7%. The detection limit as 
determined from a “robust” statistical analysis (17) of the plasma stan- 
dards were 110 and 146 pg/ml in human and dog plasma, respectively. 
The average cyclazocine recovery from plasma was 96%, as determined 
by comparison of direct and extracted standards. 


Total and extractable radioactivities from the pharmacokinetic study 
are presented in Fig. 2. In contrast to the anticipated decline in plasma 
tritium, the amount of tritium in the systemic circulation increased, 
reaching a maximum after 30 min. After a moderate decline, total ra- 
dioactivity was similar after 6 and 24 hr. The pattern with extractable 
tritium was different; there was a rapid decline during the first 2 hr. TLC 
of plasma extracts collected during the first 45 min revealed a single ra- 
dioactive zone with migration characteristics identical to authentic cy- 
klazocine. Later samples lacked sufficient radioactivity for TLC. 


The higher levels of total radioactivity as compared to extractable 
cyclazocine radioactivity imply that the difference is the result of polar 
conjugated drug or metabolite. I t  was reported that dogs excrete -3038% 


of cyclazocine as a glucuronide conjugate in the urine (15). The initial rise 
in total radioactivity, which is accompanied by a concomitant decline in 
free cyclazocine, suggests rapid formation of a slowly cleared metabo- 
lite. 


The mean cyclazocine concentrations in dog plasma after 3H-cycla- 
zocine are shown in Table IV. There was good agreement between the 
analytical methods. The radioimmunoassay values were used to generate 
pharmacokinetic parameters (Table V) by a modified computer program 
(18) using a two-compartment body model. The  high plasma clearance 
rate, 39.2 l i t e d h r ,  supports the hypothesis of fast elimination of free 
cyclazocine from the plasma. 


Cyclazocine disappearance from dog plasma during the first 2 hr fol- 
lowed apparent first-order kinetics. The half-lives were determined by 
linear regression from the logarithm of the concentration data; the 
half-life values were 25,28, and 20 min for the radiotracer, radioimmu- 
noassay, and GLC-mass spectrometry techniques, respectively. - 
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